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PREFACE  TO  THE  TWENTY-FIRST  EDITION. 


Since  the  publication  of  the  first  English  edition  of  this  work  in  1858  and  the 
first  American  edition  in  1859  great  advances  in  the  subject  of  Anatomy  have 
been  made,  especially  in  microscopic  anatomy  and  the  anatomy  of  the  embryo. 
This  knowledge  was  embodied  from  time  to  time  in  the  successive  editions  until 
finally,  considerable  portions  of  the  text,  sometimes  sections,  were  devoted  to  these 
subjects.  However,  the  main  text  has  always  remained  primarily  a  descriptive 
anatomy  of  the  human  body. 

The  distribution  of  the  special  sections  on  embryology  and  histology  among 
the  subjects  with  which  they  naturally  belong  has  been  retained  in  the  present 
edition.  Such  an  arrangement  serves  to  emphasize  the  unity  of  the  three  great 
divisions  of  human  anatomy,  namely — embryology,  microscopic  anatomy  and  gross 
anatomy — and  the  advantage  of  their  coordinate  study  for  the  best  understanding 
of  the  structure  of  the  human  body. 

Aside  from  the  earnest  endeavor  to  bring  each  section  up  to  date  by  incorpo¬ 
rating  new  knowledge  which  has  appeared  since  the  previous  edition,  the  section 
on  the  architecture  of  the  heart  musculature  has  been  enlarged  and  new  material 
added  to  the  sections  on  embryology  and  the  ductless  glands. 

Many  new  illustrations  have  been  added,  and  some  old  ones  have  been  replaced 
by  more  effective  figures.  For  these  we  have  drawn  freely  on  the  latest  English 
edition  and  the  literature.  To  the  Department  of  Embryology  of  the  Carnegie 
Institution  of  Washington,  to  Dr.  Adolph  Schultz,  Dr.  Edward  Malone  and  Dr. 
James  W.  Papez,  we  are  indebted  for  several  beautiful  originals.  In  the  section  on 
Syndesmology  six  illustrations  are  used  from  Quain’s  Anatomy  through  the  courtesy 
of  the  publishers,  Messrs.  Longmans,  Green  &  Company,  of  London. 

The  use  of  the  B.  N.  A.  nomenclature  in  English  has  been  retained  practically 
unchanged  in  this  edition  and  important  references  to  the  literature  have  been 
added  at  the  end  of  each  section. 

As  a  practical  work  on  the  subject  for  the  student,  Gray’s  Anatomy  has  always 
been  recognized  and  appreciated.  The  plan  originally  formulated,  which  has 
proved  so  successful,  has  been  adhered  to  as  much  as  possible.  It  is  interesting 
to  note  that  although  Henry  Gray  saw  only  the  first  edition,  much  of  the  original 
text  persists  and  many  of  his  illustrations  are  still  in  use.  Bearing  this  in  mind 
it  has  been  the  endeavor  of  the  Editor  to  supply  only  such  changes  as  advances 
in  the  science  made  necessary  in  order  that  this  work  may  reflect  the  latest 
accessions  to  anatomical  knowledge. 


Baltimore,  1924. 


W.  H.  L. 
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ANATOMY  OF  THE  HUMAN  BODY. 


INTRODUCTION. 


THE  term  human  anatomy  comprises  a  consideration  of  the  various  structures 
which  make  up  the  human  organism.  In  a  restricted  sense  it  deals  merely 
with  the  parts  which  form  the  fully  developed  individual  and  which  can  be  ren¬ 
dered  evident  to  the  naked  eye  by  various  methods  of  dissection.  Regarded  from 
such  a  standpoint  it  may  be  studied  by  two  methods:  (1)  the  various  structures 
may  be  separately  considered — systematic  anatomy;  or  (2)  the  organs  and  tissues 
may  be  studied  in  relation  to  one  another — topographical  or  regional  anatomy. 

It  is,  however,  of  much  advantage  to  add  to  the  facts  ascertained  by  naked- 
eye  dissection  those  obtained  by  the  use  of  the  microscope.  This  introduces 
two  fields  of  investigation,  viz.,  the  study  of  the  minute  structure  of  the  various 
component  parts  of  the  body — histology — and  the  study  of  the  human  organism 
in  its  immature  condition,  i.  e.,  the  various  stages  of  its  intrauterine  develop¬ 
ment  from  the  fertilized  ovum  up  to  the  period  when  it  assumes  an  independent 
existence — embryology.  Owing  to  the  difficulty  of  obtaining  material  illustrating 
all  the  stages  of  this  early  development,  gaps  must  be  filled  up  by  observations 
on  the  development  of  lower  forms — comparative  embryology,  or  by  a  consideration 
of  adult  forms  in  the  line  of  human  ancestry — comparative  anatomy.  The  direct 
application  of  the  facts  of  human  anatomy  to  the  various  pathological  conditions 
which  may  occur  constitutes  the  subject  of  applied  anatomy.  Finally,  the  appre¬ 
ciation  of  structures  on  or  immediately  underlying  the  surface  of  the  body  is 
frequently  made  the  subject  of  special  study — surface  anatomy. 

Systematic  Anatomy. — The  various  systems  of  which  the  human  body  is 
composed  are  grouped  under  the  following  headings: 

1.  Osteology — the  bony  system  or  skeleton. 

2.  Syndesmology — the  articulations  or  joints. 

3.  Myology — the  muscles.  With  the  description  of  the  muscles  it  is  convenient 
to  include  that  of  the  fasciae  which  are  so  intimately  connected  with  them. 

4.  Angiology — the  vascular  system,  comprising  the  heart,  bloodvessels,  lymphatic 
vessels,  and  lymph  glands. 

5.  Neurology — the  nervous  system.  The  organs  of  sense  may  be  included  in 
this  system. 

6.  Splanchnology — the  visceral  system.  Topographically  the  viscera  form 
two  groups,  viz.,  the  thoracic  viscera  and  the  abdomino-pel  vie  viscera.  The 
heart,  a  thoracic  viscus,  is  best  considered  with  the  vascular  system.  The  rest 
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of  the  viscera  may  be  grouped  according  to  their  functions:  (a)  the  respiratory 
apparatus;  (6)  the  digestive  apparatus;  and  (c)  the  urogenital  apparatus.  Strictly 
speaking,  the  third  subgroup  should  include  only  such  components  of  the 
urogenital  apparatus  as  are  included  within  the  abdomino-pelvic  cavity,  but  it 
is  convenient  to  study  under  this  heading  certain  parts  which  lie  in  relation  to 
the  surface  of  the  body,  e.  g.,  the  testes  and  the  external  organs  of  generation. 

For  descriptive  purposes  the  body  is  supposed  to  be  in  the  erect  posture,  with 
the  arms  hanging  by  the  sides  and  the  palms  of  the  hands  directed  forward.  The 
median  'plane  is  a  vertical  antero-posterior  plane,  passing  through  the  center  of  the 
trunk.  This  plane  w  ill  pass  approximately  through  the  sagittal  suture  of  the  skull, 
and  hence  any  plane  parallel  to  it  is  termed  a  sagittal  plane.  A  vertical  plane  at 
right  angles  to  the  median  plane  passes,  roughly  speaking,  through  the  central 
part  of  the  coronal  suture  or  through  a  line  parallel  to  it;  such  a  plane  is  known  as 
a  frontal  plane  or  sometimes  as  a  coronal  plane.  A  plane  at  right  angles  to  both 
the  median  and  frontal  planes  is  termed  a  transverse  plane. 

The  terms  anterior  or  ventral ,  and  posterior  or  dorsal,  are  employed  to  indicate 
the  relation  of  parts  to  the  front  or  back  of  the  body  or  limbs,  and  the  terms 
superior  or  cephalic ,  and  inferior  or  caudal ,  to  indicate  the  relative  levels  of  different 
structures;  structures  nearer  to  or  farther  from  the  median  plane  are  referred  to  as 
medial  or  lateral  respectively. 

The  terms  superficial  and  deep  are  strictly  confined  to  descriptions  of  the 
relative  depth  from  the  surface  of  the  various  structures;  external  and  internal 
are  reserved  almost  entirely  for  describing  the  walls  of  cavities  or  of  hollow 
viscera.  In  the  case  of  the  limbs  the  words  proximal  and  distal  refer  to  the 
relative  distance  from  the  attached  end  of  the  limb. 


EMBRYOLOGY. 


THE  term  Embryology,  in  its  widest  sense,  is  applied  to  the  various  changes 
which  take  place  during  the  growth  of  an  animal  from  the  egg  to  the  adult 
condition:  it  is,  however,  usually  restricted  to  the  phenomena  which  occur  before 
birth.  Embryology  may  be  studied  from  two  aspects:  (1)  that  of  ontogeny,  which 
deals  only  with  the  development  of  the  individual;  and  (2)  that  of  phylogeny, 
which  concerns  itself  with  the  evolutionary  history  of  the  animal  kingdom. 

In  vertebrate  animals  the  development  of  a  new  being  can  only  take  place  when 
a  female  germ  cell  or  ovum  has  been  fertilized  by  a  male  germ  cell  or  spermatozoon. 
The  ovum  is  a  nucleated  cell,  and  all  the  complicated  changes  by  which  the  various 
tissues  and  organs  of  the  body  are  formed  from  it,  after  it  has  been  fertilized,  are 
the  result  of  two  general  processes,  viz.,  segmentation  and  differentiation  of  cells. 
Thus,  the  fertilized  ovum  undergoes  repeated  segmentation  into  a  number  of  cells 
which  at  first  closely  resemble  one  another,  but  are,  sooner  or  later,  differentiated 
into  two  groups:  (1)  somatic  cells,  the  function  of  which  is  to  build  up  the  various 
tissues  of  the  body;  and  (2)  germinal  cells,  which  become  imbedded  in  the  sexual 
glands — the  ovaries  in  the  female  and  the  testes  in  the  male — and  are  destined  for 
the  perpetuation  of  the  species. 

Having  regard  to  the  main  purpose  of  this  work,  it  is  impossible,  in  the  space 
available  in  this  section,  to  describe  fully,  or  illustrate  adequately,  all  the  phenom¬ 
ena  which  occur  in  the  different  stages  of  the  development  of  the  human  body. 
Only  the  principal  facts  are  given,  and  the  student  is  referred  for  further  details 
to  one  or  other  of  the  text-books  on  human  embryology. 

THE  ANIMAL  CELL. 

All  the  tissues  and  organs  of  the  body  originate  from  a  microscopic  structure 
(the  fertilized  ovum),  which  consists  of  a  soft  jelly-like  material  enclosed  in  a 
membrane  and  containing  a  vesicle  or  small  spherical  body  inside  which  are  one 
or  more  denser  spots.  This  may  be  regarded  as  a  complete  cell.  All  the  solid 
tissues  consist  largely  of  cells  essentially  similar  to  it  in  nature  but  differing  in 
external  form. 

In  the  higher  organisms  a  cell  may  be  defined  as  “a  nucleated  mass  of  proto¬ 
plasm  of  microscopic  size.”  Its  two  essentials,  therefore,  are:  a  soft  jelly-like 
material,  similar  to  that  found  in  the  ovum,  and  usually  styled  cytoplasm,  and  a 
small  spherical  body  imbedded  in  it,  and  termed  a  nucleus.  Some  of  the  unicellular 
protozoa  contain  no  nuclei  but  granular  particles  which,  like  true  nuclei,  stain  with 
basic  dyes.  The  other  constituents  of  the  ovum,  viz.,  its  limiting  membrane  and 
the  denser  spot  contained  in  the  nucleus,  called  the  nucleolus,  are  not  essential  to 
the  type  cell,  and  in  fact  many  cells  exist  without  them. 

Cystoplasm  is  a  material  probably  of  variable  constitution  during  life,  but  yield¬ 
ing  on  its  disintegration  bodies  chiefly  of  proteid  nature.  Lecithin  and  cholesterin 
are  constantly  found  in  it,  as  well  as  inorganic  salts,  chief  among  which  are 
the  phosphates  and  chlorides  of  potassium,  sodium,  and  calcium.  It  is  of  a  semi¬ 
fluid,  viscid  consistence,  and  probably  colloidal  in  nature.  The  living  cytoplasm 
appears  to  consist  of  a  homogeneous  and  structureless  ground-substance  in  which 
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are  embedded  granules  of  various  types.  The  mitochondria  are  the  most  constant 
type  of  granule  and  vary  in  form  from  granules  to  rods  and  threads.  Their  function 
is  unknown.  The  granules  vary  greatly  in  composition  and  origin  and  are  usually 
considered  as  cell-inclusions.  Some  are  taken  in  from  without  and  partly  utilized 
as  food,  others  are  formed  by  the  cell  and  ultimately  pass  out  as  secretions  or 
remain  as  permanent  inclusions.  When,  however,  cells  have  been  “fixed”  by 
reagents  the  cytoplasm  has  a  fibrillar  or  granular  appearance  under  a  high  power 
of  the  microscope.  Such  appearances  in  fixed  cells  are  no  indication  whatsoever 
of  the  existence  of  similar  structures  in  the  living,  although  there  must  have  been 
been  something  in  the  living  cell  to  give  rise  to  the  fixed  structures.  The  peri¬ 
pheral  layer  of  a  cell  is  in  all  cases  modified,  either  by  the  formation  of  a  definite 
cell  membrane  as  in  the  ovum,  or  more  frequently  in  the  case  of  animal  cells,  by  a 
transformation,  probably  chemical  in  nature,  which  is  only  recognizable  by  the 
fact  that  the  surface  of  the  cell  behaves  as  a  semipermeable  membrane. 

Nucleus. — The  nucleus  is  a  minute  body,  imbedded  in  the  protoplasm,  and 
usually  of  a  spherical  or  oval  form.  It  is  surrounded  by  a  thin  nuclear  membrane; 
this  encloses  the  nuclear  substance  (i nucleoplasm ),  which  appears  homogeneous  in 
the  living  cell,  in  it  is  usually  embedded  one  or  two  nucleoli.  In  fixed  cells  the 
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nucleus  seems  to  consist  of  a  clear  substance  or  karyoplasm  and  a  network  or  karyo- 
mitome.  The  network  stains  with  acid  dyes  and  contains  embedded  in  its  substance 
particles  which  have  a  strong  affinity  for  basic  dyes.  These  basophil  granules  have 
been  named  chromatin  or  basichromatin  and  owe  their  staining  properties  to  the 
presence  of  nucleic  acid.  The  true  nucleoli  are  oxyphil,  i.  e .,  they  stain  with  acid 
dyes. 

Most  living  cells  contain,  in  addition  to  their  protoplasm  and  nucleus,  a  small 
particle  which  usually  lies  near  the  nucleus  and  is  termed  the  centrosome.  In  the 
middle  of  the  centrosome  is  a  minute  body  called  the  centriole,  and  surrounding  this 
is  a  clear  spherical  mass  known  as  the  centrosphere.  The  protoplasm  surround¬ 
ing  the  centrosphere  is  frequently  arranged  in  radiating  fibrillar  rows  of  granules, 
forming  what  is  termed  the  attraction  sphere. 

Reproduction  of  Cells. — Reproduction  of  cells  is  effected  either  by  direct  or  by 
indirect  division.  In  reproduction  by  direct  division  the  nucleus  becomes  constricted 
in  its  center,  assuming  an  hour-glass  shape,  and  then  divides  into  two.  This  is  fol¬ 
lowed  by  a  cleavage  or  division  of  the  whole  protoplasmic  mass  of  the  cell;  and  thus 
two  daughter  cells  are  formed,  each  containing  a  nucleus.  These  daughter  cells  are 
at  first  smaller  than  the  original  mother  cell;  but  they  grow,  and  the  process 
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may  be  repeated  it)  them,  abiidy t ladirec* 
dlrision  or  karyokinesis  {karyomiti>m)  haafeen:  bbaerVed  ia  aft  the  tissoes-^genera- 
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live  cells.  epithelial  'tissue,  ermneettve  tissue,-  omseuiar  tissue,  and  itmf  tissue. 
It  is  passible:  that  cell  division  may  always  t«^e  pla^r  by  tba  imUryet  method. 

The  process  <jl  indirect  cell  ;’.3^-  at  aeries  p.f  eomplfijf 

changes  in  the  nucleus,  leading  to  Its  RtrtHlivbiuri ;  this  is  folkmed  by  deavage 
of  the  cell  protoplasm.  Starting  with  the  nucleus  in  the  quiescent  or  resting  stag®, 
these  changes  may  be  briefly  propped  under  tht?  four  i'ohbwtftg  phases  (Fig.  2). 


itv-Pu^Fattri  tbovtog  iho  nhungev  vtitehocourtn  tb*  eentwomw  a.ud  nucleus  dl  u  c*ii  U.  th^m-ocr*?  of  rail  otic 
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1 .  Pwph*66.— The  nuclear  network  of  chromatin  filaments  assumes  the  form 
of  a  twisted  -ikiih  m  ajimm,  while  the  nuclear  membrane  and  nucleolus' 'disappear. 
The  convoluted  skein  of  chromatin  divides  into  a  definite  qnnjbcr  of  V-shaped 
segme  nts  or  chromosomes.  The  ournber  of  chromosomes  varies  in  different  animals, 
but  is' constant  for  all  the  cells  m  an  animal  of  any  given  species.  <  ’<  uneidCntly  with 
or  preceding  these  changes  thecentriole,  which  usually  lies  by  the  side  of  the  nucleus, 
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undergoes  subdivision,  and  the  two  resulting  centrioles,  each  surrounded  by  a 
centrosphere,  are  seen  to  be  connected  by  a  spindle  of  delicate  achromatic  fibers 
the  achromatic  spindle.  The  centrioles  move  away  from  each  other — one  toward 
either  extremity  of  the  nucleus — and  the  fibrils  of  the  achromatic  spindle  are  cor¬ 
respondingly  lengthened.  A  line  encircling  the  spindle  midway  between  its  ex¬ 
tremities  or  poles  is  named  the  equator,  and  around  this  the  V-shaped  chromosomes 
arrange  themselves  in  the  form  of  a  star,  thus  constituting  the  mother  star  or 
monaster. 

2.  Metaphase.  —  Each  V-shaped  chromosome  now  undergoes  longitudinal 
cleavage  into  two  equal  parts  or  daughter  chromosomes,  the  cleavage  commencing 
at  the  apex  of  the  V  and  extending  along  its  divergent  limbs. 

3.  Anaphase. — The  daughter  chromosomes,  thus  separated,  travel  in  opposite 
directions  along  the  fibrils  of  the  achromatic  spindle  toward  the  centrioles,  around 
which  they  group  themselves,  and  thus  two  star-like  figures  are  formed,  one  at 
either  pole  of  the  achromatic  spindle.  This  constitutes  the  diaster.  The  daughter 
chromosomes  now  arrange  themselves  into  a  skein  or  spirem,  and  eventually  form 
the  network  of  chromatin  which  is  characteristic  of  the  resting  nucleus. 

4.  Telophase. — The  cell  protoplasm  begins  to  appear  constricted  around  the 
equator  of  the  achromatic  spindle,  where  double  rows  of  granules  are  also  sometimes 
seen.  The  constriction  deepens  and  the  original  cell  gradually  becomes  divided 
into  two  new  cells,  each  with  its  own  nucleus  and  centrosome,  which  assume  the 
ordinary  positions  occupied  by  such  structures  in  the  resting  stage.  The  nuclear 
membrane  and  nucleolus  are  also  differentiated  during  this  phase. 

THE  OVUM. 

The  ova  are  developed  from  the  primitive  germ  cells  which  are  imbedded  in 
the  substance  of  the  ovaries.  Each  primitive  germ  cell  gives  rise,  by  repeated 
divisions,  to  a  number  of  smaller  cells  termed  oogonia,  from  wfcich  the  ova  or 
primary  oocytes  are  developed. 

Human  ova  are  extremely  minute,  measuring  about  0.2  mm.  in  diameter,  and 
are  enclosed  within  the  egg  follicles  of  the  ovaries;  as  a  rule  each  follicle  contains 
a  single  ovum,  but  sometimes  two  or  more  are  present.  By  the  enlargement  and 
subsequent  rupture  of  a  follicle  at  the  surface  of  the  ovary,  an  ovum  is  liberated  and 
conveyed  by  the  uterine  tube  to  the  cavity  of  the  uterus.  Unless  it  be  fertilized 
it  undergoes  no  further  development  and  is  discharged  from  the  uterus,  but  if 
fertilization  take  place  it  is  retained  within  the  uterus  and  is  developed  into  a 
new  being. 

In  appearance  and  structure  the  ovum  (Fig.  3)  differs  little  from  an  ordinary 
cell,  but  distinctive  names  have  been  applied  to  its  several  parts;  thus,  the  cell 
substance  is  known  as  the  yolk  or  ooplasm,  the  nucleus  as  the  germinal  vesicle,  and 
the  nucleolus  as  the  germinal  spot.  The  ovum  is  enclosed  within  a  thick,  trans¬ 
parent  envelope,  the  zona  striata  or  zona  pellucida,  adhering  to  the  outer  surface 
of  which  are  several  layers  of  cells,  derived  from  those  of  the  follicle  and  collectively 
constituting  the  corona  radiata. 

Yolk. — The  yolk  comprises  (1)  the  cytoplasm  of  the  ordinary  animal  cell  with  its 
spongioplasm  and  hyaloplasm;  this  is  frequently  termed  the  formative  yolk;  (2) 
the  nutritive  yolk  or  deutoplasm,  which  consists  of  numerous  rounded  granules  of 
fatty  and  albuminoid  substances  imbedded  in  the  cytoplasm.  In  the  mammalian 
ovum  the  nutritive  yolk  is  extremely  small  in  amount,  and  is  of  service  in  nourish¬ 
ing  the  embryo  in  the  early  stages  of  its  development  only,  whereas  in  the  egg 
of  the  bird  there  is  sufficient  to  supply  the  chick  with  nutriment  throughout 
the  whole  period  of  incubation.  The  nutritive  yolk  not  only  varies  in  amount, 
but  in  its  mode  of  distribution  within  the  egg;  thus,  in  some  animals  it  is  almost 
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uniformly  distributed  throughout  the  cytoplasm;  in  some  it  is  centrally  placed  and 
is  surrounded  by  the  cytoplasm;  in  others  it  is  accumulated  at  the  lower  pole  of  the 
ovum,  while  the  cytoplasm  occupies  the  upper  pole.  A  centrosome  and  centriole 
are  present  and  lie  in  the  immediate  neighborhood  of  the  nucleus. 

Germinal  Vesicle. — The  germinal  vesicle  or  nucleus  is  a  large  spherical  body 
which  at  first  occupies  a  nearly  central  position,  but  becomes  eccentric  as  the  growth 
of  the  ovum  proceeds.  Its  structure  is  that  of  an  ordinary  cell-nucleus,  viz.,  it 
consists  of  a  reticulum  or  karyomitome,  the  meshes  of  which  are  filled  with 
karyoplasm,  while  connected  with,  or  imbedded  in,  the  reticulum  are  a  number 
of  chromatin  masses  or  chromosomes,  which  may  present  the  appearance  of  a 
skein  or  may  assume  the  form  of  rods  or  loops.  The  nucleus  is  enclosed  by  a 
delicate  nuclear  membrane,  and  contains  in  its  interior  a  well-defined  nucleolus 
or  germinal  spot. 

Coverings  of  fhe  Ovum. — The  zona  striata  or  zona  pellucida  (Fig.  3)  is  a  thick 
membrane,  which,  under  the  higher  powers  of  the  microscope,  is  seen  to  be  radially 
striated.  It  persists  for  some  time  after  fertilization  has  occurred,  and  may  serve 
for  protection  during  the  earlier  stages  of  segmentation.  It  is  not  yet  determined 
whether  the  zona  striata  is  a  product  of  the  cytoplasm  of  the  ovum  or  of  the  cells 
of  the  corona  radiata,  or  both. 

The  corona  radiata  (Fig.  3)  consists  or  two  or  three  strata  of  cells;  they  are 
derived  from  the  cells  of  the  follicle,  and  adhere  to  the  outer  surface  of  the  zona 
striata  when  the  ovum  is  set  free  from  the  follicle;  the  cells  are  radially  arranged 
around  the  zona,  those  of  the  innermost  layer  being  columnar  in  shape.  The 
cells  of  the  corona  radiata  soon  disappear;  in  some  animals  they  secrete,  or 
are  replaced  by,  a  layer  of  adhesive  protein,  which  may  assist  in  protecting  and 
nourishing  the  ovum. 

The  phenomena  attending  the  discharge  of  the  ova  from  the  follicles  belong 
more  to  the  ordinary  functions  of  the  ovary  than  to  the  general  subject  of  embry¬ 
ology,  and  are  therefore  described  with  the  anatomy  of  the  ovaries. 

Maturation  of  the  Ovum. — Before  an  ovum  can  be  fertilized  it  must  undergo 
a  process  of  maturation  or  ripening.  This  takes  place  previous  to  or  immediately 
after  its  escape  from  the  follicle,  and  consists  essentially  of  an  unequal  subdivision 
of  the  ovum  (Fig.  5)  first  into  two  and  then  into  four  cells.  Three  of  the  four 
cells  are  small,  incapable  of  further  development,  and  are  termed  polar  bodies  or 
polocytes,  while  the  fourth  is  large,  and  constitutes  the  mature  ovum.  The  process 
of  maturation  has  not  been  observed  in  the  human  ovum,  but  has  been  carefully 
studied  in  the  ova  of  some  of  the  lower  animals,  to  which  the  following  description 
applies. 

It  was  pointed  out  on  page  37  that  the  number  of  chromosomes  found  in  the 
nucleus  is  constant  for  all  the  cells  in  an  animal  of  any  given  species,  and  that  in 
man  the  number  is  probably  forty-eight.  This  applies  not  only  to  the  somatic 
cells  but  to  the  primitive  ova  and  their  descendants.  For  the  purpose  of  illustrating 
the  process  of  maturation  a  species  may  be  taken  in  which  the  number  of  nuclear 
chromosomes  is  four  (Fig.  6).  If  an  ovum  from  such  be  observed  at  the  beginning 
of  the  maturation  process  it  will  be  seen  that  the  number  of  its  chromosomes  is 
apparently  reduced  to  two.  In  reality,  however,  the  number  is  doubled,  since 
each  chromosome  consists  of  four  granules  grouped  to  form  a  tetrad.  During  the 
metaphase  (see  page  38)  each  tetrad  divides  into  two  dyads,  which  are  equally 
distributed  between  the  nuclei  of  the  two  cells  formed  by  the  first  division  of  the 
ovum.  One  of  the  cells  is  almost  as  large  as  the  original  ovum,  and  is  named 
the  secondary  oocyte;  the  other  is  small,  and  is  termed  the  first  polar  body.  The 
secondary  oocyte  now  undergoes  subdivision,  during  which  each  dyad  divides  and 
contributes  a  single  chromosome  to  the  nucleus  of  each  of  the  two  resulting  cells. 


the  ovum 


This  second  division  is  also  unequal,  producing  a  large  cell  which  constitutes  the 
mature  ovum,  and  a  small  cell,  the  second  polar  body.  The  first  polar  body  fre- 
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tjoently  jJnddes  while  the  second  is  being  formed,  and  as  a  final  result  four  cells 
are  produced,  viz.,  the  mature  ovum  and.  three  polar  bodies,  each  of  which  con¬ 
tains  two  chromosomes,  i.  e.,  one-half  the  number  -present  in  the  nuclei  of  the 
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somatic  ceils  of  members  of  the  same  species.  The  nucleus  of.  the  mature  ovum 
is  termed  the  female  procucleus 
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THE  SPERMATOZOON. 

The  spermatozoa  or  male  germ  cells  are  developed  in  the  testes  and  are  present 
in  enormous  numbers  in  the  seminal  fluid.  Each  consists  of  a  small  but  greatly 
modified  cell.  The  human  spermatozoon  possesses  a  head,  a  neck,  a  connecting 
piece  or  body,  and  a  tail  (Fig.  7). 

The  head  is  oval  or  elliptical,  but  flattened,  so  that  when  viewed  in  profile 
it  is  pear-shaped.  Its  anterior  two-thirds  are  covered  by  a  layer  of  modified  proto¬ 
plasm,  which  is  named  the  head-cap.  This,  in  some  animals,  e.  g.,  the  salamander. 


Fio.  7. — Human  spermatozoon.  Diagrammatic.  A.  Surface  view.  B.  Profile  view.  In  C  the  head,  neck, 
and  connecting  piece  are  more  highly  magnified. 


is  prolonged  into  a  barbed  spear-like  process  or  perforator,  which  probably  facilitates 
the  entrance  of  the  spermatozoon  into  the  ovum.  The  posterior  part  of  the  head 
exhibits  an  affinity  for  certain  reagents,  and  presents  a  transversely  striated  appear¬ 
ance,  being  crossed  by  three  or  four  dark  bands.  In  some  animals  a  central  rod- 
like  filament  extends  forward  for  about  two-thirds  of  the  length  of  the  head,  while 
in  others  a  rounded  body  is  seen  near  its  center.  The  head  contains  a  mass  of 
chromatin,  and  is  generally  regarded  as  the  nucleus  of  the  cell  surrounded  by  a 
thin  envelope. 

The  neck  is  less  constricted  in  the  human  spermatozoon  than  in  those  of  some 
of  the  lower  animals.  The  anterior  centriole,  represented  by  two  or  three  rounded 
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particles,  is  situated  at  the  junction  of  the  head  and  neck,  and  behind  it  is  a  band 
of  homogeneous  substance. 

The  connecting  piece  or  body  is  rod-like,  and  is  limited  behind  by  a  terminal 
disk.  The  posterior  centriole  is  placed  at  the  junction  of  the  body  and  neck  and, 
like  the  anterior,  consists  of  two  or  three  rounded  particles.  From  this  centriole 
an  axial  filament,  surrounded  by  a  sheath,  runs  backward  through  the  body  and 
tail.  In  the  body  the  sheath  of  the  axial  filament  is  encircled  by  a  spiral  thread, 
around  which  is  an  envelope  containing  mitochondria  granules,  and  termed  the 
mitochondria  sheath. 

The  tail  is  of  great  length,  and  consists  of  the  axial  thread  or  filament,  sur¬ 
rounded  by  its  sheath,  which  may  contain  a  spiral  thread  or  may  present  a  striated 
appearance.  The  terminal  portion  or  end-piece  of  the  tail  consists  of  the  axial 
filament  only. 

Krause  gives  the  length  of  the  human  spermatozoon  as  between  52  p  and  62  p, 
the  head  measuring  4  to  bp,  the  connecting  piece  6/i,  and  the  tail  from  41  p  to  b2p. 
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Fig.  8. — Scheme  showing  analogies  in  the  process  of  maturation  of  the  ovum  and  the  development  of  the  spermatid 

(young  spermatozoa). 


By  virtue  of  their  tails,  which  act  as  propellers,  the  spermatozoa  are  capable  of 
free  movement,  and  if  placed  in  favorable  surroundings,  e.  g.,  in  the  female  pas¬ 
sages,  will  retain  their  vitality  and  power  of  fertilizing  for  several  days.  In  certain 
animals,  e .  g .,  bats,  it  has  been  proved  that  spermatozoa  retained  in  the  female 
passages  for  several  months  are  capable  of  fertilizing. 

The  spermatozoa  are  developed  from  the  primitive  germ  cells  which  have  become 
imbedded  in  the  testes,  and  the  stages  of  their  development  are  very  similar  to  those 
of  the  maturation  of  the  ovum.  The  primary  germ  cells  undergo  division  and 
produce  a  number  of  cells  termed  spermatogonia,  and  from  these  the  primary 
spermatocytes  are  derived.  Each  primary  spermatocyte  divides  into  two  secondary 
spermatocytes,  and  each  secondary  spermatocyte  into  two  spermatids  or  young 
spermatozoa;  from  this  it  will  be  seen  that  a  primary  spermatocyte  gives  rise  to 
four  spermatozoa.  On  comparing  this  process  with  that  of  the  maturation  of  the 
ovum  (Fig.  8)  it  will  be  observed  that  the  primary  spermatocyte  gives  rise  to 
two  cells,  the  secondary  spermatocytes,  and  the  primary  oocyte  to  two  cells,  the 
secondary  oocyte  and  the  first  polar  body.  Again,  the  two  secondary  sperma¬ 
tocytes  by  their  subdivision  give  origin  to  four  spermatozoa,  and  the  secondary 
oocyte  and  first  polar  body  to  four  cells,  the  mature  ovum  and  three  polar  bodies. 
In  the  development  of  the  spermatozoa,  as  in  the  maturation  of  the  ovum,  there 
is  a  reduction  of  the  nuclear  chromosomes  to  one-half  of  those  present  in  the 
primary  spermatocyte.  But  here  the  similarity  ends,  for  it  must  be  noted  that 
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the  four  spermatozoa  are  of  equal  size,  and  each  is  capable  of  fertilizing  a  mature 
ovum,  whereas  the  three  polar  bodies  are  not  only  very  much  smaller  than  the 
mature  ovum  but  are  incapable  of  further  development,  and  may  be  regarded  as 
abortive  ova. 

According  to  the  recent  work  of  Painter  the  primary  spermatogonia  of  both 
white  and  negroes  show  forty-eight  chromosomes.  Presumably  the  somatic  cells  of 
the  human  body  contain  this  same  number.  The  primary  spermatocytes  show 
twenty-four  chromosomes. 

FERTILIZATION  OF  THE  OVUM. 

Fertilization  consists  in  the  union  of  the  spermatozoon  with  the  mature  ovum 
(Fig.  9).  Nothing  is  known  regarding  the  fertilization  of  the  human  ovum,  but 


Fio.  9. — The  process  of  fertilization  in  the  ovum  of  a  mouse.  (After  Sobotta.) 


the  various  stages  of  the  process  have  been  studied  in  other  mammals,  and  from 
the  knowledge  so  obtained  it  is  believed  that  fertilization  of  the  human  ovum  takes 
place  in  the  lateral  or  ampullary  part  of  the  uterine  tube,  and  the  ovum  is  then 
conveyed  along  the  tube  to  the  cavity  of  the  uterus — a  journey  probably  occupy¬ 
ing  seven  or  eight  days  and  during  which  the  ovum  loses  its  corona  radiata  and  zona 
striata  and  undergoes  segmentation.  Sometimes  the  fertilized  ovum  is  arrested 
in  the  uterine  tube,  and  there  undergoes  development,  giving  rise  to  a  tubal  'preg¬ 
nancy;  or  it  may  fall  into  the  abdominal  cavity  and  produce  an  abdominal  preg¬ 
nancy .  Occasionally  the  ovum  is  not  expelled  from  the  follicle  when  the  latter 
ruptures,  but  is  fertilized  within  the  follicle  and  produces  what  is  known  as  an 
ovarian  pregnancy .  Under  normal  conditions  only  one  spermatozoon  enters  the 
yolk  and  takes  part  in  the  process  of  fertilization.  At  the  point  where  the  sperma- 
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tozoon  is  about  to  pierce,  the  yV>lk  is  drawn1  out  into  a  conical  elevatsoR,.  tetnjed 
the  coos  of  attraction.  As  soon  as  the  spermatozoon  1ms  entered  the  yolk,  the  per¬ 
ipheral  portion  of  the  latter  is  transformed  Info  a  membrane^  the  vitotttaa  taembraaa 
which  prevents  the  passage  of  additionai  spermatozoa.  Occasionally  a  second 
spermatozoon  may  enter  the  yolk,  thus  giving  rise  to  d  condition  of  poiyuperinii: 
when  this  occurs  the  ovimj  usually  develops  in  an  abnormal  manner  and  gives  rise 
to  a  monstrosity.  Having  pierced  the  yolk,  the  .spermatozoon  loses  its  tail,  while 
its  head  and  connecting  piece  assume  the  form  of  a  nucleus  containing  a  cluster  of 
chromosomes.  This  constitutes  the  male  preioucteus,  and  associated  with  it  there  are 
a  centriole  and  centmjjotne..  The  male  pronude.ua  passes  more  deeply  into  the  yolk, 
and  coincidcntly  with  this  the  granules  of  .the  cytoplasm  surrounding  it  become 
radially  arranged,  The  male  arid  female  prenucle!  migrate  thward  each  other,  and. 
meeting  near  the  center  of  the  yolk,  fuse  to  form  a  new  nucleus,  the  segmentation 
nucleus,  which  therefore  contains  both  male  and  female  nuciear  substance;  the 
former  transmits  the  irblivkiualitiea  of  the  male  ancestors,  the  fatter  those  of  the 
female  ancestors,  to  the  future  embryo.  By  the  union  of  the  male  and  female 
pronuclei  the  number  of  chromosomes  js  restored  to  that  which  is  present  in  the 
nuclei  of  the  somatic  cells.  ;  l' 


SEGMENTATION  OF  THE  FERTILIZED  OVUM. 

The  early  segminitatWi  of  the  human  ovum  bus  hot  yet  been  observed,  but 
judging  from  w  hat  is.  known  to  occur  in  other  mammals  it  may  be  regarded  as 
certain  that  the  process  starts  immediately  after  the  ovum  lias  been  fertilized, 
L  e.t  while  the  ovum  is  in  the  uterine  tube.  The  segmentation  nucleus  -exhibits 
the  usual  mitotic  changes,  and  these  are  succeeded  bv  a  division  of  the  ovurn  into 
two  cells  of  nearly  etjual  size.*  The  process  is  repeated  again  and  again,  so  that 

1  In  tlj*e  a  jn;r.otuuiti  ovs  tlx*  xiiitritire  yolk  w  de\t UqdoAm  i«  small  in  amount  ainJ  tiniftomly  diclrib-Ued  through¬ 
out  the  <yrioctjUv  ^  nirh  or*  hofat%o  rtmpltU  division  during  the  pr.oc «,*«»  of  s^nentafion,  and  tm*.  tiunflorc  termed 
kMnUzftir  Ja  t-h?  of  bind*;  and  lifbc*  wht-r^  the  hotnuv©  yolk  forme  by  the  Utgw  boruou  of  the 

9fjt,  the>  rte&rti&s'h  lirsufctsd  to  the  forruative yolk,  nod  ia.ibftrefop?  only  partial;  such  ova  ore  termed  rneroblastic.  Again* 
♦hh. ut*w*rvwK  m  wm*  <*f  the  loner  Animals,  that  rlvs  pro  nuclei  do  not  faee  but  merely  bo  in  apparition.  At 
the  comn>t*m*raori  i  of  the  rivjtmefttttipri  pmcen»  the  thro mosomna  of  the  two  proriudlfcj  group  lhem>«lvev  around  the 
Ki'JAtor  of  lfreiprtfitf#afcr  trpmdfo  and  then  divide!  *n number  of  male  and  female  ohraxnosomed  rr<ivtd  to  the  oppo&ite 
poles  of  th*  and  tho*  the  male  anil  female  /irouu/  Iiui  contributo equal  shares  orohrpprufctb the  nncloi  of 

the  tiro  **Jl»  erbldn  rttsuU  from  the  enbdivision  nf  the  .feriillaed  tivorti 
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the  two  cells  are  succeeded  by  four,  eight,  sixteen,  thirty-two,  and  so  on,  with  the 
result  that  a  mass  of  cells  is  found  within  the  zona  striata,  and  to  this  mass  the  term 
morula  is  applied  (Fig.  10).  The  segmentation  of  the  mammalian  ovum  may  not 
take  place  in  the  regular  sequence  of  twro,  four,  eight,  etc.,  since  one  of  the  two  first 
formed  cells  may  subdivide  more  rapidly  than  the  other,  giving  rise  to  a  three- 
or  a  five-cell  stage.  The  cells  of  the  morula  are  at  first  closely  aggregated,  but  soon 
they  become  arranged  into  an  outer  or  peripheral  layer,  the  trophobl&st,  which 

Inner  cell-mass 


Fig.  11. — Blastodermic  vesicle  of  Vespertilio  murinus.  (After  van  Beneden. 


Amniotic  cavity  Syncytiotrophoblast 


Embryonic  ectoderm  Entoderm 

Fio.  13. — Section  through  embryonic  area  of  Vespertilio  murinus  to  show  the  formation  of  the  amniotic  cavity. 

(After  van  Beneden.) 

does  not  contribute  to  the  formation  of  the  embryo  proper,  and  an  inner  cell-mass, 
from  which  the  embryo  is  developed.  Fluid  collects  between  the  trophoblast 
and  the  greater  part  of  the  inner  cell-mass,  and  thus  the  morula  is  converted  into 
a  vesicle,  the  blastodermic  vesicle  (Fig.  11).  The  inner  cell-mass  remains  in  con¬ 
tact,  however,  writh  the  trophoblast  at  one  pole  of  the  ovum;  this  is  named  the 
embryonic  pole,  since  it  indicates  the  situation  where  the  future  embryo  will  be 
developed.  The  cells  of  the  trophoblast  become  differentiated  into  two  strata:  an 
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outer,  termed  the  syncytium  or  syutjrttotroiihoblast,  so  named  because  &  consists  of 
a  (aver  of  protoplasm  studded  with  nut-kg,  but.  showing  do  evidence  iff  subdivision. 
i*sto  cells;  and  an ifiripr  layer,  the  cytoribpfeoblaaS  or  layer  of  Langhans,  in  which 
tii'- '  eii  outlines  are  deihe  <S,  As  already  stated,  the  cells  of  the  txophobhtst -do  hot 
c  iiitritmte  to  the  fonnatrotj  of  thet  embrvo  prpjH'rt  they  form  the  ectoderm:  of  the 
chorion  and  play  an  important/  part  in  the?  do vefopinent  of  the  plaegfid&i. .  On  the 
••fop  surface  of  the  inner  cell-mass  a  layer  of flattened  cells,  the  entoderm,  is  difTcr- 
eirtiatfsi  and  quickly  assumes  the  form  of  a  small  sue,  the  yolk-sac,  Spaces  appewt 
between  the  remaining  cells  of  the  mass  (Fig,  -2),  grid  by  the  tmlargermmt  and 
-.  •  i,  i  scenee  of  these jspaecsa  cavity,  termed  the  amtii&tsc  cavity  (Fig,  KO,  is  gradually 
developed.  The  floor  of  this  cavity  is  formed  by  the  embryonic  disk  composed 
of  a  layer  of  prismatic  Ceils,  the  embryonic  ectoderm,  derived  from  the  inner  cell- 
mass  and  lying  in  apposition  with  the  entoderm. 


T  v,  11  — Dor^l  vimv^humuE  pmbryo  of  tlic  pr^oinifp  T)kj  pJnhryoni'-'  Utek  aurrouDckxl  by  the  < «,!  fuj^r 

r*  -thfs  Urge  yolk  sue,  Tiu\  priuinWo  gf06y»^  vtffcfcftdtK  for^UTfl  from  t\iF cimui  rtiug  xistlk. 

The  Primitive  Streak;  Formation  of  the  Mesoderm. — The  embryonic  disk 
hfCourea  ova!  and  then  pear-shaped,-  the  wider  end  being  directed  forward-  Xear 
the  .narrow,  posterior  end  an  :op;>qm*  strenk,  the  primitive  streak  (Fig.  14),  maises 
f.,-  iappMinuiee  and  extends  along  the  in idd!;:- Of  the  disk  for  about  bnc-balf  of  its 
length:  at  the  anterior  end  of  the  streak  there  is  a  knob-like  thickening  termed 
Henseo  s  knot.  'A  .shallow  groove,  the  primitive,  groove,  appear  on  the  surface  of  the 
-o  ak,  and  the  anterior  end  of  this  groove  eormuuniiar.es  l.y  mentis  of  ,m  apertt'ce, 
the  blftstophdre,  with  the  yrdk-sne,  The  primitive  streak  is  produced  by  a.  thicken- 
ing  of  the  axial  port  ofthe  ectovienn,  the  Cells  of  which  multiply,  grow  downward, 
ufitj  blend  with  those  of  the  subjacent  entoderm.  From  the  sides  Of  the  primiriv*? 
streak  a  third  layer  of  cells,,  the  mesoderm,  extends  literal  ward  between  the  *>  Oi- 
•ierrn  and  epioderm;  the  caudal  end  of  the  primitive  streak  forms  the  cloaca! 
membrane. 

The  cxle.osfou  of  the  mesoderm  takes  place  throughout  the  whole  of  the  embry¬ 
onic  and  exCra-ernbryonic  areas  of  the  iivuni,  except  in  certain  regions.  One  of 
these  is  seen  ifninedi&toly  in  front  of  the  neiiral  tube.  libre  the  mesoderm  extends 
forward  i«  the  form  0f  two  crescentic  masses,  which  meet  ip  the  middle  line  so  as 
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to  enclose  behind  them  an  area  which  is  devoid  ofmcsodec®.  Over  this  area  the 
ectoderm  and  entoderm  c&Sd?  iota  direct  contact  with  each  Mber  and  Wjmtltnte 
a  thin  raiembraoe,  the  buccopharyngeal  membrane,  which  forms  a  septum:  between 
the  prindtive  mpifth  sod  |>hfer j'nx.  in  front  of.  the  bsjKtNjpliar^geai nsrea,  w’here 
the  lateral  e#s«>rit9  of  mesoderm  fuse  in  the  middle  line,  the  pericardium  is 
afterward  developed,  and  this  region  is  therefore  designated  the  pericardial  area.  A 
second '.region  where  the  mesoderm  is  absent,  at  least  for  a  time,  is  that  imme¬ 
diately  in  front  of  the  pcri«irdia]  area.  This  is  .termed!  the  proamaiotie  area,  and 
is  the  region  where  the  proaianioB  is  developed;  in  man,  however,  a  proaomtoh  is 
apparently  never  formed.  A  third  region  is  at  the  hind  end  of  the  embryo  where 
tile  ectoderm  and  entoderm  come  into  apposittoii  arul  form  the  clo&c&l  membrane. 


■M&  Zi 
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Fro  l.>  -r-A  wriesnf  trau^vfcr^?  i*i‘ckit.a  through  ttri  prnbryo  of  the  4og,  (Aftw.  D^not.)  Section  2  i»  1 
iVorior  Ut  V  T.)u-  neuriM  p irjprfttid  ob.t  f^utiy  Hut-  Tho  uprising  of  h&e  rrinimf  fotrt*  lo'fofiU  thij 


fcptenoir 
neural  cauaf 


i  thp  ftioel 


o  Aonav 


_  _  ...  nif  -  i&U  h.  Av tiiidimetfw at  fcut1»itoi*iu. 

■beatt  ini >*?!*'..  In  ///,  7  K.  uieX  1  caJU>  r«5uro%-Biu«td  bfHwrso  the  entoderm  ami  apiauehoir  Liyur.  of  fn^ 

tieryj  are  ifxe'vaaoformauvv  tayfc  <Vri$?tCiri  w»n%,  swcorriiog  to  iiounoi.  Xo  xb*f  htfuri;  ttjfees,  kt  Xi*-  Cj\te»rv 

p\*w  f'tfll  ModiVidrjct  in  4)  ffti'+P  XV  «M\d  V  si*#  fylwofodQ  {$#)■  !**fci*  of  m$K*ienn 

me*,  Mc«*derrn.  p.  Ymtiwubni*-.- 

The  blastoderm  now  consists  of  three  layers,  named  from  without  inward: 
ectoderm,  mesoderm,  and  ent.odeni»;  each  1 » us  distinctive  characteristics  and  gives 
rise  to  certain  tissue?  of  the  bod\vl 

eeoa^ts  of  lining  somewhat 

flattened  or  cubical  toward  tire  margin  of  the  embryonic  disk.  It  forms  the  whole 
of  the  nervous  system,  the  epidermis  of  the  skin,  the  lining  cells  of  the  sebaceous, 
sudoriferous,  and  mammary  glands  die  hairs  and  nails,  the  epithelium  of  the  ii&& 
and  adjacent  air  .sinuses,  and  that  of  the  cheeks  and  roof  of  the  mouth.  From  it 


*  vttormsiinru  t?r  th«  pirnt  layers  'iu  t|w  ftiijsmn  ovjim  IftaV  upiy'Mt.  b«wu  the  voubcVhC  Icuowii 

.  thbt  dtamnlW- by -Bry^j  Aug  TcutefeerO  aU  tfm«  )Ayyr*»  nrf;  tflrv*('iv  pr^K.t'' And.' tt»* 

Bfilit  hlio  h»  lAyyyfa.  Thtf  »xrrayvnibr^ o^itvw.dpcrt  is»  or  slue,  aryt  •Bctyi&TQil  m«>»Ofierir  ?«l $ri 

seen  sUtofehlti^  ^iCyt-v^D  the  mesodorru  c»f  U>e.  ycflk“«ie  aa>2  >Uai  of  tl\e  ehorion. 
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also  are  derived  the  enamel  of  the  teeth,  and  the  anterior  lobe  of  the  hypophysis 
cerebri,  the  epithelium  of  the  cornea,  conjunctiva,  and  lacrimal  glands,  and  the 
neuro-epithelium  of  the  sense  organs. 

Entoderm. — The  entoderm  consists  at  first  of  flattened  cells,  which  subsequently 
become  columnar.  It  forms  the  epithelial  lining  of  the  whole  of  the  digestive  tube 
excepting  part  of  the  mouth  and  pharynx  and  the  terminal  part  of  the  rectum 
(which  are  lined  by  involutions  of  the  ectoderm),  the  lining  cells  of  all  the  glands 
which  open  into  the  digestive  tube,  including  those  of  the  liver  and  pancreas, 
the  epithelium  of  the  auditory  tube  and  tympanic  cavity,  of  the  trachea,  bronchi, 
and  air  cells  of  the  lungs,  of  the  urinary  bladder  and  part  of  the  urethra,  and  that 
which  lines  the  follicles  of  the  thyroid  gland  and  thymus. 

Mesoderm. — The  mesoderm  consists  of  loosely  arranged  branched  cells  sur¬ 
rounded  by  a  considerable  amount  of  intercellular  fluid.  From  it  the  remaining 
tissues  of  the  body  are  developed.  The  endothelial  lining  of  the  heart  and  blood¬ 
vessels  and  the  blood  corpuscles  are,  however,  regarded  by  some  as  being  of  ento- 
dermal  origin. 

As  the  mesoderm  develops  between  the  ectoderm  and  entoderm  it  is  separated 
into  lateral  halves  by  the  neural  tube  and  notochord,  presently  to  be  described.  A 
longitudinal  groove  appears  on  the  dorsal  surface  of  either  half  and  divides  it  into 
a  medial  column,  the  paraxial  mesoderm,  lying  on  the  side  of  the  neural  tube,  and 
a  lateral  portion,  the  lateral  mesoderm.  The  mesoderm  in  the  floor  of  the  groove 
connects  the  paraxial  with  the  lateral  mesoderm  and  is  known  as  the  intermediate 
cell-mass;  in  it  the  genito-urinary  organs  are  developed.  The  lateral  mesoderm 
splits  into  two  layers,  an  outer  or  somatic,  which  becomes  applied  to  the  inner  surface 
of  the  ectoderm,  and  with  it  forms  the  somatopleure;  and  an  inner  or  splanchnic, 
which  adheres  to  the  entoderm,  and  with  it  forms  the  splanchnopleure  (Fig.  15). 
The  space  between  the  two  layers  of  the  lateral  mesoderm  is  termed  the  celom. 

THE  NEURAL  GROOVE  AND  TUBE. 

In  front  of  the  primitive  streak  two  longitudinal  ridges,  caused  by  a  folding  up 
of  the  ectoderm,  make  their  appearance,  one  on  either  side  of  the  middle  line 
(Fig.  15).  These  are  named  the  neural  folds;  they  commence  some  little  distance 
behind  the  anterior  end  of  the  embryonic  disk,  where  they  are  continuous  with 
each  other,  and  from  there  gradually  extend  backward,  one  on  either  side  of  the 
anterior  end  of  the  primitive  streak.  Between  these  folds  is  a  shallow  median 
groove,  the  neural  groove  (Figs.  15, 16) .  The  groove  gradually  deepens  as  the  neural 
folds  become  elevated,  and  ultimately  the  folds  meet  and  coalesce  in  the  middle  line 
and  convert  the  groove  into  a  closed  tube,  the  neural  tube  or  canal  (Fig.  17),  the 
ectodermal  wall  of  which  forms  the  rudiment  of  the  nervous  system.  After  the 
coalescence  of  the  neural  folds  over  the  anterior  end  of  the  primitive  streak,  the 
blastopore  no  longer  opens  on  the  surface  but  into  the  closed  canal  of  the  neural 
tube,  and  thus  a  transitory  communication,  the  neurenteric  canal,  is  established 
between  the  neural  tube  and  the  primitive  digestive  tube.  The  coalescence  of  the 
neural  folds  occurs  first  in  the  region  of  the  hind-brain,  and  from  there  extends 
forw  ard  and  backwrard ;  towrard  the  end  of  the  third  week  the  front  opening  (anterior 
neuropore)  of  the  tube  finally  closes  at  the  anterior  end  of  the  future  brain,  and 
forms  a  recess  wThich  is  in  contact,  for  a  time,  with  the  overlying  ectoderm;  the 
hinder  part  of  the  neural  groove  presents  for  a  time  a  rhomboidal  shape,  and  to 
this  expanded  portion  the  term  sinus  rhomboidalis  has  been  applied.  Before  the 
neural  groove  is  closed  a  ridge  of  ectodermal  cells  appears  along  the  prominent 
margin  of  each  neural  fold;  this  is  termed  the  neural  crest  or  ganglion  ridge,  and  from 
it  the  spinal  and  cranial  nerve  ganglia  and  the  ganglia  of  the  sympathetic  nervous 
system  are  developed.  By  the  upward  growth  of  the  mesoderm  the  neural  tube 
is  ultimately  separated  from  the  overlying  ectoderm. 
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the  form  of  three  veaclte;  thege  constitute  Ifto 

primary  cerebral  vaddes,  and  correspond  respectively  to  the  fmvsre  for«-bj«:i» \nrox-- 
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Fia.  16. — Human  eunbw— JaagtK  2  max*.  tarsal  view  ieiib  fcbe  f*moiQD  i*W  opou,  X  30.  f  A/tttt  Qiut  $pe*.y. 


Dor«\l  xzw.hvttislD  rfnbr^tft*  ittHi  ir<  length,  turrtJuH^*  &><?*'(? x>p«a 

:  '■  ■  V’  I ;,;  v-  •  ■  ,  •  .-; 

d-btain  (mpi'r-taephabny,  i»ttd  Mnd~bro3a  [rhnm(itnrpplwbu)  -(Fig. 
of  the  vesicles  ah?  and  t^VWjdia 

d  their  cavities  ire  modified'  tij  forrtMt^  vcatrielefc  The  reid^n#: 


lacW^V;. 
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4>f  the  tube  forms  the  medulla  spinalis  or  spinal  cord;  from  its  eetoilermal  wall 
the  nervous  and  neuroglial  elements  of.  the  medulla.  spinalis  are  developed  while 
che  cavity  persists  as  the  central  eanaL 

THE  NOTOCHORD. 

The  tiptpciiord  (Fig*  IS)  a  rod  of.  ecdls  situated  on  the  ventral  aspect 

of  the  neural  'lube;  it 'constitutes  the  foundation  of  the  nxml  skektoii,  since  around 
if  the  segments  at  the  vertebral  column  are  formed.  Its  appearance  synchronizes 
with  that  of  the  neural  tube:  Oh  f he.  ventrat  aspect:  -of -ihe  neural  groove  an  axial 
thickening  of  the  eotodtinft  takes  plijiee;  this  thiekmuijg  assumes  the  appearance 
of  a  furrow — the  chordal  tonw— the  margins  of  which  come  into  contact,  and  so 
convert  it  into  a  solid  rod  of  cells— the  notochord-- ;  which  Is  then  sep^ratel  from 
the  entoderm.  It  extends  throughout  the  entire  length  of  the  future  vertebral 

Neural  can&  .Primitive  Wolffian 

Ectodenn  ^  :>*  ■  •  \  ,  •  V  •  •  *>**>««*5  * 


Notochord  Aorta  XjUdiKhwc  nitvjtena 

l  ic  J*. — Tr&naverw?  wK&on  *i  &  chick  embryo  of  forty-fry>  hours'  io'ouhirtir.o.  (fiatfemr.) 


column,  and  readies  as  far  as  the  anterior  end  of  the  mid-brain.  where  it  ends  in 

s  book-like  extremity  j  o  the  region  of  the  future  doi^Tim  seliae  of  the  sphenoid 

tone.  It  lies  at  first  hetsveen  the  neural  tube, and  the  entoderm  of  the  yolk-sac, 

tmt  soon  becomes  separated  from  them  by  the  mesoderm,  which  grows  medial- 

ward  and  surrounds  it.  From  the  mesoderm 

ag^iftdiBjgthe  ueuraf  tiihe  and  notochord, 

die  skull  and  vertej^ji&  ehjtftnn; and  'lljig  '‘-a 

memhranes  of  the  brain  and  medulla  spinalis  '■ 


THE  PRIMITIVE  SEGMENTS.  J* 

Toward  the  end  of  the  second  week  M 

transverse :  segraentatioh  of  the  paraxial  M 

oiesodenu  begins,  and  it  is  converted  into  Ms 
*  series  of  well-defined,  more  or  less  cubical  My 
masses,  she  primitive  segments  (Figs,  17. 

}''.  l't':7  fs-1i5(‘h  occupy  the  entire  length  of  m 

die  trunk  on  either  side  of  the-  middle  line  ^ 

from  the  i  Kxipital  region  »j  the  head.  Each  J 

segment  con  tains  a  mitral  cavity — myocrsl  J 

— wtiicfi,  how  ever,  is  soon  filter!  widi  angular  |v 

ard  spsndy  shaped  edls.  ;  ’  .  |v. 

Hie  primitive  segments  he  immediately  w 
under  the  ectoderm  on  the  lateral  aspect  of  i 
tin?  neural  tube  aiui  notochord,  and  are  optf*  ^ 

W'-ted  to  the  lateral  umsndmn  by  the  inter-  -rsJ 

awdiVte  cell-mass.  Those  of  the  trunk  may  .  ..  4 u  '"n‘  ' !u 


C id  edge  of 
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be  arranged  in  the  following  groups,  viz.:  cervical  8,  thoracic  12,  lumbar  5, 
sacral  3,  and  coccygeal  from  5  to  8.  Those  of  the  occipital  region  of  the  head 
are  usually  described  as  being  four  in  number.  In  mammals  primitive  segments 
of  the  head  can  be  recognized  only  in  the  occipital  region,  but  a  study  of  the 
lower  vertebrates  leads  to  the  belief  that  they  are  present  also  in  the  anterior 
part  of  the  head,  and  that  altogether  nine  segments  are  represented  in  the 
cephalic  region. 

SEPARATION  OF  THE  EMBRYO. 

The  embryo  increases  rapidly  in  size,  but  the  circumference  of  the  embryonic 
disk,  or  line  of  meeting  of  the  embryonic  and  amniotie  parts  of  the  ectoderm,  is  of 
relatively  slow  growth  and  gradually  comes  to  form  a  constriction  between  the 
embryo  and  the  greater  part  of  the  yolk-sac.  By  means  of  this  constriction,  which 
corresponds  to  the  future  umbilicus,  a  small  part  of  the  yolk-sac  is  enclosed  within 
the  embryo  and  constitutes  the  primitive  digestive  tube. 
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Fkj.  20  — Section  through  the  embryo  which  in  represented  in  Fig. 


(After  Graf  Spec.) 


The  embryo  increases  more  rapidly  in  length  than  in  width,  and  its  cephalic  and 
caudal  ends  soon  extend  beyond  the  corresponding  parts  of  the  circumference  of 
the  embryonic  disk  and  are  bent  in  a  ventral  direction  to  form  the  cephalic  and 
caudal  folds  respectively  (Figs.  25  and  20).  The  cephalic  fold  is  first  formed,  and 
as  the  proanmiotie  area  (page  4S)  lying  immediately  in  front  of  the  pericardial 
area  (page  48)  forms  the  anterior  limit  of  the  circumference  of  the  embryonic 
disk,  the  forward  grow  th  of  the  head  necessarily  carries  with  it  the  posterior  end 
of  the  pericardial  area,  so  that  this  area  and  the  buccopharyngeal  membrane  are 
folded  back  under  the  head  of  the  embryo  which  now;  encloses  a  diverticulum  of  the 
yolk-sac  named  the  fore-gut.  The  caudal  end  of  the  embryo  is  at  first  connected 
to  the  chorion  by  a  band  of  mesoderm  called  the  body-stalk,  but  with  the  formation 
of  the  caudal  fold  the  body-stalk  assumes  a  ventral  position;  a  diverticulum  of  the 
yolk-sac  extends  into  the  tail  fold  and  is  termed  the  hind-gut.  Between  the  fore-gut 
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isnd  the  hind-gut  there  exists  for  a  time  u  wide  opaxiug  into  the  yolk-sAC,  but  the 
i<j'HT  h  gradually  reduced  ■!t»i  a  ;  small  fauir*shfipeti  sac  (sometimes  termed  the, 
umbilical  vesicle) ,  and  the  channel .of  communication  is  at  the  same  time  narrowed 
and  elongated  io  form  a  tube  coiled  the  vitelline  duct. 

THE  rOLK-SAC, 

The  y«!k-sae  (Figs.  21  and  22)  is  situated  on.  the  ventral  aspect  of  the  embryo; 
i>  lifteil  by  eutodi  rai,  outside  of  which  is  a  hycriottftcSQderm.  It  is  .filled  with 
fluivi.  the  vitelline  fluid,  which  possibly  may  be  utiliml  for  the  ijourbhment  of  the 
embryo  during  the  earlier  stages  of  its  existence,;  (Hbbd  fehonveyt'd  to  the  wall  of 
the  sac  by  the  jadRiftivc abftse,  a&fl  after  eir^ufigting through  «  wick-rpri&hcd  capil¬ 
lary  pt]taus,  is  returned  by  the  vitelline.  v«»»  M- 

This  the  vitelline  ewefilarion,  and  by  means  of  it  dutritjvn  niateriftl  is 

absorbed  from  the  yolk-sac  r$r?d  conveyed  to  the  embryo.  At  the  end  of  the  fourth 
week  the  j-oih-sau  presents  the  appeHraare.offt-  small  jaxir-shuped  vesicle  (umbilical 
vesiofej  Opening  into  live  digestive  tube  by  a  long  narrow  tube,  the  vitelline  duct. 
The  vesicle  can  be  seen  in  the  alter-birth  as  a  small,  somewhat  oval-shaped  body 
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whose  diameter  Varies  from  t  mm.  to  S  it  ty  sduatc<(  between  the  aumiott 
and  the  chorion  and  tosy  lie  c-n  or  at  a  varying  distance  fnm  thy  platainta.  As 
a  rule  the  duct  undergoes  complete  obliteration  during  the  seventh  week,  but 
in  about  three  jjer  cent,  of  cases  its  prosipiai  part  persists  as  .&  diverticulum 
from  the  srtelt  intestiae,  Mecfcei's  divertlrulum,  which  is  situated  about  three  or 
four  feet  above  the  ileocolic  junction, yand  may  be  attached  by  a  fibrous  cord  to 
the  abdominal  wall  at  the-  umbilicus.  Sometimes  a  narrowing  of  the  lumen  of  the 
ileiun.  is- seen  opposite  'the  site  of  Attaclimctit  of  the  duct. 

DEVELOPMENT  OF  THE  FETAL  MEMBRANES  AND  THE  PLACENTA, 

The  Allantois.  (Figs.  24  to  271  —The  allantois  arises  as  a  tubular  'diverticulum 
of  the  posterior  .part  of. the  yolk-sat";  when,  the  hind-gut  is  developed  the  allantois 
is  carried  backward  with  it  ajid  then  optnis  into  the  cloaca  or  tertninal  part  of  the 
lund-gut:  it  grows  opt  into  the  body-stalk,  a  mass  of  mesoderm  which  lies  below 
and  around  the  tail  cod  of  the  embryo.  The  diverticulum  is  lined  by  entoderm 
and  covered  by  mesoderm,  and  in  tJie  latter  are  carried  the  allantoic  .or  umbilical 
■vessels.  .  "'M;  ■}  7  ;  ’  .  ■'  •  ’  -  :  .  ''  ‘  '  •  -  ■  . 


EMBRYQIMY 


In  reptiles,  birds,  and  many  mamma}*  i\ie  allantois  betimes  expanded  into  a 
vesicle  which  projects  into  .the  *:xvr;i-embryonieieel«ei:.  If  its  further  development 
be  tram!  m  the  bint,  it  is  seen  to  project  to  the  right  side' of  the  embryo,  and. 
gradually  expanding,  it  spreads  over  its  dorsal  surface  as  a  flattened  Site  between 
the  amnion  and  .the  serosa,  and  estending-in.  ait  direetions;  ujti.fnat.ety  siirrmsutis 
the  yolk.  Its  outer  wall.  becomes  applied  to  and  fuses  with  the  serosa  ,  which  lies 
immediately  inside  the  shell  membrane.  Blood  is  tarried  to  the  allantoic  sac  by 
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the  two  .'allantoic  or  Pmhiikai  arteries,  which  are  roof  muons. with'-' ■the -primitive 
Aorta;  and  after  cfrcnJating  t'hrougli  the  ahauunp  capillaries.  b  returned  to  the 
primitive  head  by  the-  t.w»,Mmln1vHd  veins.  In  this  way  the  allantoic  circulation, 
which  isdf  'the  utmost  Importance  in  eonOyotion.  with  the  respiration  »r»ct  nutrition 
of  the  chick,  is  pstaWi&lied'.  ./Oxygen is  taken  from,  and  cartxmic  acid  is  given  up 
to  ttjc  atmosphere  'through,  the  egg-shell,  while  nutritive  materials  are  at  the  same 
time  sbs#hi?d  by  '.the hlobd  foaih  the  yolk; 
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Iti  ami  and  other  primates' the  nature  of  the  allantois  is  entirely different from 
that  Jtpd  dcskHbed.  I-fbr«!  it  exists  inercly  as  a  narrevw'  tubnJar  diverfiojlnnvpf  blip 
hunl-gitt,  and  ju-ver  assntueic life  Form 'of  >i  vcsiHe  outside  the  embryo.  With  the 
furiosi tion  of  the  amnion  ihe  embryo  is,  in  most  iniimiils,  entirely  separated  from 
(lie  chorion,  and  is  only  again  united  to  it  When  the  ulbintok:  mesoderm  spreads 
over  and  becomes  applied  to  its  inner  surface.  The  human  embryo,  on  the  other 
hand,  as  was;  pointed  out  by, His,  is  never  wholly  separated  from  the  chorion,  its 
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tail  end  being  from  the  first  connected  with  the  chorion  by  means  of  a  thick  band 
of  mesoderm,  named  the  body-stalk  (Bauehstiel);  into  this  stalk  the  tube  of  the 
allantois  extends  (Fig.  20). 

The  Amnion. — The  amnion  is  a  membranous  sac  which  surrounds  and  protects 
the  embryo.  It  is  developed  in  reptiles,  birds,  and  mammals,  which  are  hence 
called  "Amniota;”  but  not  in  amphibia  and  fishes,  which  are  consequently  termed 

In  the  human  embryo  the  earliest  stages  of  the  formation  of  the  amnion  have  not 
been  observed;  in  the  youngest  embryo  which  has  been  studied  the  amnion  was 
already  present  as  a  closed  sac  (Figs.  23  and  31),  and,  as  indicated  on  page  46, 
appears  in  the  inner  cell-mass  as  a  cavity.  This  cavity  is  roofed  in  by  a  single 
stratum  of  flattened,  ectodermal  cells,  the  amniotic  ectoderm,  and  its  floor  consists 
of  the  prismatic  ectoderm  of  the  embryonic  disk — the  continuity  between  the 
roof  and  floor  being  established  at 
the  margin  of  the  embryonic  disk. 

Outside  the  amniotic  ectoderm  is 
a  thin  layer  of  mesoderm,  which 
is  continuous  with  that  of  the 
somatopleure  and  is  connected  by 
the  body-stalk  with  the  meso¬ 
dermal  lining  of  the  chorion. 

When  first  formed  the  amnion 
is  in  contact  with  the  body  of  the 
embryo,  but  about  the  fourth  or 
fifth  week  fluid  (liquor  amnii)  be¬ 
gins  to  accumulate  within  it.  This 
fluid  increases  in  quantity  and 
causes  the  amnion  to  expand  and 
ultimately  to  adhere  to  the  inner 
surface  of  the  chorion,  so  that  the 
extra-embryonic  part  of  the  celom 
is  obliterated.  The  liquor  amnii 
increases  in  quantity  up  to  the 
sixth  or  seventh  month  of  preg¬ 
nancy,  after  which  it  diminishes 
somewhat;  at  the  end  of  preg¬ 
nancy  it  amounts  to  about  1  liter.  It  allows  of  the  free  movements  of  the  fetus 
during  the  later  stages  of  pregnancy,  and  also  protects  it  by  diminishing  the  risk 
of  injury  from  without.  It  contains  less  than  2  per  cent,  of  solids,  consisting  of 
urea  and  other  extractives,  inorganic  salts,  a  small  amount  of  protein,  and  frequently 
a  trace  of  sugar.  That  some  of  the  liquor  amnii  is  sw  allowed  by  the  fetus  is  proved 
by  the  fact  that  epidermal  debris  and  hairs  have  been  found  among  the  contents  of 
the  fetal  alimentary  canal. 

In  reptiles,  birds,  and  many  mammals  the  amnion  is  developed  in  the  following 
manner:  At  the  point  of  constriction  where  the  primitive  digestive  tube  of  the 
embryo  joins  the  yolk-sac  a  reflection  or  folding  upward  of  the  somatopleure  takes 
place.  This,  the  amniotic  fold  (Fig.  28),  first  makes  its  appearance  at  the  cephalic 
extremity,  and  subsequently  at  the  caudal  end  and  sides  of  the  embryo,  and  grad¬ 
ually  rising  more  and  more,  its  different  parts  meet  and  fuse  over  the  dorsal  aspect 
of  the  embryo,  and  enclose  a  cavity,  the  amniotic  cavity.  After  the  fusion  of  the 
edges  of  the  amniotic  fold,  the  two  layers  of  the  fold  become  completely  separated, 
the  inner  forming  the  amnion,  the  outer  the  false  amnion  or  serosa.  The  space 
between  the  amnion  and  the  serosa  constitutes  the  extra-embryonic  celom,  and 
for  a  time  communicates  with  the  embryonic  celom. 


Placental  villi 


Yolk-sac 

Umbilical  cord 

Allantois 

Heart 

Digestive  tube 


Embryo 
Amniotic  cavity 

Fia.  27. — Diagram  illustrating  a  later  stage  in  the  development 
of  the  umbilical  cord. 
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The  Umbilical  Cord  and  .B.ody-staik.  — ' The  uiubiii<?fil  'or<l  ? Fig.  27)  ativahes 
the  fetus  to  tbe  pkiceni* ,  its  length  at  full  time,  as  a.  rote*  is  about  equal  *o  tbe 
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length  of  the  fetus,  i.  e.,  about  50  cm.,  but  it  may  be  greatly  diminished  or  increased. 
The  rudiment  of  the  umbilical  cord  is  represented  by  the  tissue  which  connects 
the  rapidly  growing  embryo  with  the  extra-embryonic  area  of  the  ovum.  Included 
in  this  tissue  are  the  body-stalk  and  the  vitelline  duct — the  former  containing  the 
allantoic  diverticulum  and  the  umbilical  vessels,  the  latter  forming  the  communica¬ 
tion  between  the  digestive  tube  and  the  yolk-sac.  The  body-stalk  is  the  posterior 
segment  of  the  embryonic  area,  and  is  attached  to  the  chorion.  It  consists  of  a  plate 
of  mesoderm  covered  by  thickened  ectoderm  on  which  a  trace  of  the  neural  groove 
can  be  seen,  indicating  its  continuity  with  the  embryo.  Running  through  its 
mesoderm  are  the  two  umbilical  arteries  and  the  two  umbilical  veins,  together  with 
the  canal  of  the  allantois — the  last  being  lined  by  entoderm  (Fig.  30).  Its  dorsal 
surface  is  covered  by  the  amnion,  while  its  ventral  surface  is  bounded  by  the  extra- 
embryonic  celoffi*  and  is  in  contact  with  the  vitelline  duet  and  yolk-sac.  With 
the  rapid  elongation  of  the  embryo  and  the  formation  of  the  tail  fold,  the  body 
stalk  comes  to  lie  on  the  ventral  surface  of  the  embryo  (Figs.  26  and  27),  where 


Fia.  30.— Model  of  human  embryo  1.3  mm.  long.  (After  Eternod.) 


its  mesoderm  blends  with  that  of  the  yolk-sac  and  the  vitelline  duct,  The  lateral 
leaves  of  somatopleure  then  grow  round  on  each  side,  and,  meeting  on  the  ventral 
aspect  of  the  allantois,  enclose  the  vitelline  duct  and  vessels,  together  with  a  part 
of  the  extra-embryonic  celom;  the  latter  is  ultimately  obliterated.  The  cord  is 
covered  by  a  layer  of  ectoderm  which  is  continuous  with  that  of  the  amnion,  and 
its  various  constitutents  are  enveloped  by  embryonic  gelatinous  tissue,  jelly  of 
Wharton.  The  vitelline  vessels  and  duct,  together  with  the  right  umbilical  vein, 
undergo  atrophy"  and  disappear;  and  thus  the  cord,  at  birth,  contains  a  pair  of 
umbilical  arteries  and  one  (the  left)  umbilical  vein. 

Implantation  or  Imbedding  of  the  Ovum. — As  described  (page  44) ,  fertilization 
of  the  ovum  occurs  in  the  lateral  or  ainpullarv  end  of  the  uterine  tube  and  is 
immed lately"  followed  by  segmentation.  On  reaching  the  cavity  of  the  uterus  the 
segmented  ovum  adheres  like  a  parasite  to  the  uterine  mucous  membrane,  destroys 
die  epithelium  over  the  area  of  contact,  and  excavates  for  itself  a  cavity  in  the 
mucous  membrane  in  which  it  becomes  imbedded.  In  the  ovum  described  by 
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Bryce  awl  Teacher1  the  j  joint  of  entrance  "ws>  s  visible  jt:<  si  small  pap  dose*!  by  a 
nittss  «f  fihria  «>nf|  leukoyvtes,  itj  fche  oviiwi  dp&dbrd  f§-  V&tpri?  the  opening  ’Blais 
ciWmtl  by  a  ndisbrpbm-dh&ped  ntsms  of  iibrin  iiftfl  klbed-clet  (Hg>  |!l|,  the  narrow 
stalk  of  which  plugged  the  aperture*  in  tht?. Soph,  however, 
all  trace  of  the  opening  is  lost  and  the  ovum  fe  then  completely  surrounded  by  the 
uterine  muetws  ^mbrane,  .  .  .  ,  ;  •  '  ■  '  .  . 

Ihe  structure  actively  eoneenu-d  in  the  process  of  excavation  is  the-  trophobiast 
of  the  ovi.nn,  whi.th  fRissssw-s  the  power  of  dissolving  and  absorbing  the  uterine 
tissues,  ,/Thd'trp|\lt<di{«4«-t'fm*iifetatv4  rapidly  aud  forms  a  network  of  branching 
processes'  which  wptftr  this  edtiw:  ovum  and  invade  and  destroy  the  maternal 
tissues  and  open  Ihtd  the  Bidtertiat  bhaKlyessels,  with  the  result  that  the.  spaces 
in  .'the  trophoblastic  network  are  filled  with  maternal  blood;  these  spaces  com¬ 
municate  freely  another  and  become  greatly  distended  and  form  the 

intervillous  space.  '  ..  '/ 
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The  Decidua.— Before  the  fertilize*! 


ovum  reaches  the  uterus,  the  raucous 
membrane  of  the  body  of  the  UteriJS  uridergm-s  imfmrtajit  cliunges  and  i$;  theft 
known  as  the  decidua.  The  thickness  and  vascularity  of  the  mucous  mcmbtttfie 
are  greatly  inm-nsed;  ils  glapdk;  ate  dk'Wgated  and  open  emits  free  surface  fey 
funnel-shaped  orifices,  oyinle  their  deeper  portions  are  tcSttipUs  laid' dilated  iftte 
irregular  spaces.  The.  JUtergliuKhiiar  tissue  is  also  increased  in  cpiaptitv,  and 
tserovvded  w  if|;l  large  rpupd,  oval,  or  imiygotmf cells,  terpryd  daeidu&l  ceils.  These 
changes'  arc  well  "advanced  by  tin-  second  month  of  pregnancy,  ivhen  the  mucous 
membrane  consists  of  rhe  following  strata  (Fig.  ,12);  -1 !  3teatum  eompactum,  next 

kC<*ji(rtb»ai<stt  i/>  tin* m:  early  •  rj«*  v^l'opmnut  mud  hfibwdditfg.  titi  the  l>uim*n  ovum.  1008. 
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the  free  surface;  in  this  the  uterine  glands  are  only  slightly  and  are 

lined  hy  columnar celhh  (2) jg^tum  spongiosum,  in. which  the  gland  tubes  are  greatly 
dilated  and  very  tortuous,,  #w\  are  ultimately  separated  from  one  another  by  only 
tf  small  amount  of  mterglandular  tissue,  while  th^ir 'lining  cells  arc  flattened  or 
cub&a);  (3)  a  thin  or  .boundary  layer,  netft  the  uterine  muscular  fibers, 

containing  the  deepest  parts  of  the  uterine  glands,  which  are  not  dilated,  and 
are  lined  with  column&r  epithelium ; 
it  is  from  this  epilltdiiun  that  the 
epithelial  lining  :i£  re¬ 

generated  after  pregrui neyr .  Dh t i m> 
tive  names  are  applied  to  different 
portions  of  the  decidua.  The  part 
which  covers  in  the  ovum  is:  tinned  the 
decidua  c&psularis ;  the  portion  which 
intervenes  between the >JVUitr.  and  the 
uterine  wall  is  named  the  dscidua 
basalis  or  decidua  placentaiis;  it  is  hvx-e 
that  the  placenta  is  subsequently 
developed.  The  pan  of  the  decidua 
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of  the  embryo*  TUe ..chorionic  villi  are  At  first sms if /^lid'.’  aop- vascular,  .and  Consist 
of  titjpjbuhlasfc  tmly?  bat  #iry  inc/reasei  iu  arid  white  the  .me^pder^  4 

carrying  .bntod><&  uf  the  ujiihiliv!a!  vessels, •gfmVs  into  them,  and  in  this  way  they 
are  v&jculitri&ecL  Blood  k ...carried,  to  the  viiji  by  the  branches  of  the  umbilical 
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luteries,  »ml  after  circulating  thrpugft  tin?  capillaries  oftha  vith,  is  retarricd  tn 

the  ^tfthryo  by  the  ufKhilfcai  veins.  I'otil  #  *he 

of  pregnancy  the  viiji  cow  the  entire  ohlMotparid  are  almost,  uniform  in  size 
(Fig.  24),  but  after  this  they  develop  utieqitttH>V.  Thegraiter  parted  the  ohorkvn 
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kin  contact  with  the  decidua  eopsulark  i  hie-  ;,'5).  »ukl  over  this  portion  the  villi, 
with  their  contained  vessels.  undergo  atrophy,  sit  that  by  the  fourth  month  scarcely, 
a  trace  of  them  is  left,  trad  hence.  this  part  *;<V  i  lie  chi  Him.  iiecnities  amonth,  and  is 
named  the  ebarion  teve;  as  it.  takes  tin.  share  hi  the  formation  <>f  the  placenta.  it 
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is  also  named  the  non-piaeental  part  of  the  chorion.  On  the  other  hand,  the  villi 
«>n  that  part  of  the  chorion  which  is  in  contact  with  the  decidua  placentalis  increase 
greatly  in  size  and  complexity*  and  hence  this  part  is  named  the  chorion  frondosum 
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Mesrslenn  Intervillous  ejxice 
Fw.  35. —Primary  chorionic  villi.  Diagrammatic.  (Modified  from  Bryce. 


The  Placenta. — The  placenta  connects  the  fetus  to  the  uterine  wrall,  and  is  the 
organ  by  means  of  which  the  nutritive,  respiratory,  and  excretory  functions  of  the 
fetus  are  carried  on.  It  is  composed  of  fetal  and  maternal  portions. 

Fetal  Portion, — The  fetal  portion  of  the  placenta  consists  of  the  villi  of  the 
chorion  frondosum;  these  branch  repeatedly,  and  increase  enormously  in  size. 
These  greatly  ramified  villi  are  suspended  in  the  intervillous  space,  and  are  bathed 
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in  maternal  blood,  which  is  conveyed  to  the  space  by  the  uterine  arteries  and 
carried  away  by  the  uterine  veins.  A  branch  of  an  umbilical  artery  enters  each 
villus  arid  ends  in  a  capillary  plexus  from  which  the  blood  is  drained  by  a  tributary 
of  the  umbilical  vein.  The  vessels  of  the  villus  are  surrounded  by  a  thin  layer  of 
mesoderm  consisting  of  gelatinous  connective  tissue,  which  is  covered  by  two 
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strata  of  ectodermal  cells  derived  from  the  trophoblast:  the  deeper  stratum, 
next  the  mesodermie  tissue,  represents  the  eytotrophoblast  or  layer  of  Lunghans; 
the  superficial,  in  contact  with  the  maternal  blood,  the  syncytiotrophoblast  (Figs. 
35  and  36),  After  the  fifth  month  the  two  strata  of  eells  are  replaced  by  a 
single  layer  of  somewhat  flattened  cells. 

Maternal  Portion. — The  maternal  portion  of  the  placenta  is  formed  by  the 
decidua  placentalis  containing  the  intervillous  space.  As  already  explained,  this 
space  is  produced  by  the  enlargement  and  intercommunication  of  the  spaces  in 
the  trophoblastic  network.  The  changes  involve  the  disappearance  of  the  greater 
portion  of  the  stratum  compactum,  but  the  deeper  part  of  this  layer  persists  and 
is  condensed  to  form  what  is  known  as  the  basal  plate.  Between  this  plate  and 
the  uterine  muscular  fibres  are  the  stratum  spongiosum  and  the  boundary  layer; 
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Fia.  37.~~Fe.tuti  in  titero.  between  fifth  and  sixth  months. 


through  these  and  the  basal  plate  the  uterine  arteries  and  veins  pass  to  and  from 
the  intervillous  space.  The  endothelial  liuing  of  the  uterine  vessels  ceases  at  the 
point  where  they  terminate  in  the  intervillous  space  which  is  lined  by  the  syncytio- 
trophoblast.  Portions  of  the  stratum  compactum  persist  and  are  condensed  to 
form  a  series  of  septa,  which  extend  from  the  basal  plate  through  the  thickness 
of  the  placenta  arid  subdivide  it  into  the  lobules  or  cotyledons  seen  on  the  uterine 
surface  of  the  detached  placenta. 

The  fetal  and  maternal  blood  currents  traverse  the  placenta,  the  former  passing 
through  the  bloodvessels  of  the  placental  villi  and  the  latter  through  the  inter¬ 
villous  space  (Fig.  38).  The  two  currents  do  not  intermingle,  being  separated  from 
each  other  by  the  delicate  walls  of  the  villi.  Nevertheless,  the  fetal  blood  is  able 
to  absorb,  through  the  walls  of  the  villi,  oxygen  and  nutritive  materials  from  the 
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__ternal  blood „  and  give  up  to  the  latter  its  waste  products.  The  blood,  so  purified , 
Beamed  back  to  the  fetus  by  the  umbilical  vein.  It  will  thus  be  seen  that  the 
p.arenta  not  only  establishes  a  mechanical  connection  between  the  mother  and  the 
fetus,  but  subserves  for  the  latter  the  purposes  of  nutrition,  respiration,  and  ex¬ 
cretion.  In  favor  of  the  view  that  the  placenta  possesses  certain  selective  powers 
may  be  mentioned  the  fact  that  glucose  is  more  plentiful  in  the  maternal  than  in 
the  fetal  blood.  It  is  interesting  to  note  also  that  the  proportion  of  iron,  and  of 
lime  and  potash,  in  the  fetus  is  increased  during  the  last  months  of  pregnancy. 
Further,  there  is  evidence  that  the  maternal  leucocytes  may  migrate  into  the  fetal 
blood,  since  leucocytes  are  much  more  numerous  in  the  blood  of  the  umbilical  vein 
than  in  that  of  the  umbilical  arteries. 

The  placenta  is  usually  attached  near  the  fundus  uteri,  and  more  frequently  on 
die  posterior  than  on  the  anterior  wall  of  the  uterus.  It  may,  however,  occupy 
a  lower  position  and,  in  rare  cases,  its  site  is  close  to  the  orificium  internum  uteri, 
winch  it  may  occlude,  thus  giving  rise  to  the  condition  known  as  placenta  previa . 


Ftu  “-Scheme  o(  y>lar<'ntxt oircsulAtirh).  ; 

Sep&raUon  ot-^e  Placenta. — After  the  child  is  born,  the  placenta  and  membranes 
are  expelled  frn  the  uterus  as  the  after-birth.  The  separation  of  the  placenta  from 
the  uterine  JJJ  takes  place  through  the  stratum  spongiosum,  and  necessarily 
causes  rupt|  0f  the  uterine  vessels.  The  orifices  of  the  torn  vessels  are,  however, 
dosed  by  t*  fjrm  contraction  of  the  uterine  muscular  fibers,  and  thus  postpartum 
nemorrkag ^  controlled.  The  epithelial  lining  of  the  uterus  is  regenerated  by  the 
proliferate  extension  of  the  epithelium  which  lines  the  persistent  portions 
*fthe  ute^  glands  in  the  unaltered  layer  of  the  decidua. 

1  he  ^xfted  placenta  appears  as  a  discoid  mass  which  weighs  about  450  gm. 
and  has  *4&meter  0f  from  15  to  20  cm.  Its  average  thickness  is  about  3  cm., 
but  tins  d  inishes  rapidly  toward  the  circumference  of  the  disk,  which  is  continu- 
^  lt“  e  membranes.  Its  uterine  surface  is  divided  bv  a  series  of  fissures  into 
lobules  <>btyledons,  the  fissures  containing  the  remains  of  the  septa  which  extended 
betweet*ie  maternal  and  fetal  portions.  Most  of  these  septa  end  in  irregular 
or  P°iri  processes;  others,  especially  those  near  the  edge  of  the  placenta,  pass 
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through  its  thicknvss  aiKl  arc  attaolitHi  to  tlu*  oJvorioii.  In  the  early  months  these 
septa  Convey  branches  < if  the  uterine  arteries  which  open  into  the  intervillous 
spins?  on  the  surfaces  of  the  septa.  The  fetal  surface  of  the  placenta  fe  sntontls, 
being  closely  'invested  by  the  'amnion.'  Seen  through  the  latter,  the  ehorioii 
presents  a  mottled  appearance,  consisting  of  jgray,  purple,  or  yellowish  areas. 
The  u*bMk‘al  ford  is  ti>»iJall.V  attached  near  the  center  of  the  placenta,  hut 
may  he  inserted  anywhere  between  the  center  and  the  margin;  in  some  eases  it 
ia  inserted  into  the  membranes,  i.  e.,  the  velamentous  insertion-  Frcuo  t-he  attach¬ 
ment  of  the.  cord  the  larger  branches  of  the  umbilical  vessels  radiate  under  the 
amnion,  the  wins  being  deeper  and  larger  than  the  arteries.  The  remains  of 
the  •  vitelline  doetaiid.  yolk-sac  way  be  soau'tiroes  observed  beneath  the  atiinion, 
dose  t»  the  cord,  the  former  as  an  attenuated  thread,  the  latter  as  a  minute  aac- 
0\i  section,  the  placenta  presents,  a  soft,  spongy  appearance,  caused  by  the 
greatly  branched  villi;  surrounding  them  is  a  varying  amount  of  maternal  blood 


giving  the  dark  ml  color  to  the  piaceotiK  Many  of  the  larger  villi  extend  from 
the  chorionic  to  the  decidual  surface,  teMe  others  are  attached  to  the  sept. a  which 
separate  the  cotyiedotis;  but  the- great  majority  of  the  villi  hang  free  in  the  inter* 
villous  space. 
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TIBS  BRANCHIAL  REGION. 

The  Branchial  or  Visceral  Arches  and  Pharyngeal  Pouches. — In  the  lateral  walls 
uf  the.  anterior  part  of  die  fore-gut  five  phanpif^al  pouches  appear  (Fig.  41):  each 
of  the  upper  four  pouches  is  prolonged  into  a  dorsal  m<\  a  ventral  divert icnhim. 
Over  ttiesri  po.uchvs  rn  >  responding indentati ons  of  the  ectoderm  ocular,  forming  what 
lire  known  as  the  branchial  tit  outer  pharyngeal  grooves.  The  int er venp ig  mesofierra 
is  pre^seri  aside  ami  the  ectoderm  ctmics  for  a  time  into  contact  w  Jth  the  ent;> 
dernuil  lining  of  the  mre*to0<  emi  rhv  t" o  layers  unite  along''  tho  fctrs  of  the 
uroo\  *><  to  form  thin  closing  meojbcaaes  U-Turni  the  fore-gut  am!  \hc  extrrior, 
Lftter  the  nicsoilerrn  auaiii  penetrates tin*  cu.i/iicrm  find  tlie  eet>xlerm. 
In  gill4>eariug  animals  the  biasing  memhrancr,  duappoar,  ami  the  groove  became 
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"titers  have  tin  distim'trve  tiata^s.  In  each  •  ' 
arch  a  cartilaginous  bae,  c»ftsistjtig  pi  light', 
wttj  left  halves,  is  developed,  and  with  each 
of  these  there  is  one  of  the  primitive  aortic  « 
suites.  mb 

Tin  mandibular  arch  lies  betweeti  i|le  first 
branchial  groove  and  the  stoaiodfeotrt;  ftoto  it  v 
are  developed,  the  jwver  lip,  the  taaridihU?;  i 
the  inuyeles  of  mastication,  ami  the  anterior  a 
jarthf  the  tongue,  ft*  eartilngim.-ns  bar  U  * 
fanned  by  what  are  known  s*s  Meckel's  carti- 
lajes  'right  and  left;)  ^  this  tire 

mein  is  developed.  'Die  dpfsal  end  of  each  m 
cartilage  is:  'eohtkie^Hl  t!^/-;eajsic»^deV  ' 
and  i-  n^ified  to  form  the  malleus:  the  ventral  ends  meet  each,  other  in  the  region 
<il  the  symphysis  mend,  and  are  usually  regarded  as  undergoing xe&iEcafioo  to  form 
that  portion  of  the  mandible  which  contains  the  incisor  teeth,  The  intervening 
part  »»f  the  cartilage  disappears; the  portion iirmrsdiateiy  adjacent  to  the  malleus  is 
replaced  by  SKrotts  merohrane,  .w'h'jgh  constitutes  :tlie  Bphetfo-tiiandihnfar  ligatnetit, 
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fus  dj.-— ■  He=*.t  *t»*f  of  a.  but&im  watte*,  pfci;:  Mtvtkel'a  c»rtiJ«#&  and.  Ufm*l  bar  sttfosed, 
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wliile  froto  thcconnecti,k!ie  tt%tyee'>vei,jug  theretnaitider  of  the  cartilage  the  greater 
part  of  the  mandible  is  ossi&>d,  From  the  dorsal  cods  of  the  inandihuiar  arch  a 
triangular  prtJoes-s,  the  maxillary  pro$«tiSv..gb#^y^v<Aid. <!&  aftd.  forMs 

■hr  cheek  and  lateral  part  of  the  upper  lip.  The  secoisd  or  hyoid  mth 'assist-,  in 
forming  t  he  side  and  trout  «jf  the  necks  From  its  cartilage;  are  de  veloped  the  styloid 
process,  stylohyoid  ligament,  and  Jessef  eptbw  of  the  iiypid  Mwe.  The  stages  prob- 
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ably  wises  in  the  upper  part  of  this  arch.  The  cartilage  of  the  third  arch  gives:  origio 
to  tile  greater  cornu  of  the  hyoid  bone.  The  ventral  ends  of  the  second  and  third 
arches  unite  with  those,  of  the  opposite  side,  and  form  a  transverse  band,  from 
which  the  body  of  the  hyoid  bone  and  the  posterior  part  of  the  tongue  are  devel¬ 
oped.  The  ventral  portions  of  the  cartilages  of  the  fourth  and  filth  arehos  unite 
to  form  the  thyroid  oartsfage;  from  the  cartilages  of  the  shah  arch  the  eriyoid 
aud  arytenoid  cartilages  and  the  cartilages  pf  l|k?  ibfStciygk  ar&deyelupetl,  The. 
mandibular  and  hyoid  arches  grow  more  rapidly  than  those  behind  them,  with 
the  result  that  the  fatter  become,  to  «  certain  extent,  telescoped  within  the 
former,  and  a  deep  depression,  the  sinus  cenrtealis,  is  formed  on  either  side  of 
the  neck.  This  sinus  is 'bounded,  in  front  by  the  hyoid  arch,  and  behind  l»v  the 
thoracic  wall;  it.  b  ultimately  obliterated  by  the  fusion  of  its  waifs. 

From  the  ftfst  btaucliisd  groove  the  epflyha  aurieitUe  and  external  acoustic 
meatus  are  developed,  while  around  the  groove  there  appear,  on  the  mandibular 
and  byfcidarch.es,  a  rtiihlbep  n.f  swellings  froti* which  the  fttmeith*  or  pinna  is.formed.:; 
The  first  pharyngeal  pouch  i%  proldtig^d  dursaWy  to  form  the  auditory  tube  and  the 
tympanic  cavity;  the  dosing  membrane  between  the  .mandibular  and  hvoid  arches 
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plinryngeal  pouch  is  named  the  dubs  tonsillaris;  in  it  the  tonsil  b  developed,  above 
vvifbdt  a  tfSee  of  tfaft  sinus  persists  an  the  iupratmciillar  fossa.  The  fossa  »f  ftnsem 

i  SPt;ohdary  forma¬ 


tion.  From  the  third  pharyngeal  pouch  .the.  thymus  arises  as  an  entodermaJ  diver¬ 
ticulum  on  either  side.,  and  from  the  fourth  pouches  small  diverticula  ■  prober  and 
become  incorporated  with  the  thymus.;  h'ut  in  map.  these  diverticula  probably 


originate  and »«•  .enveloped  by  tie;  lateral  prolongations  of  the  median  thyroid 
rudiment p  they  do  not.  however,  form  trite  thyroid  tissue,  nor  are  ant  traces 
of  them  found  in  the  human  iwhilt. 

The  Hose  and  .Face. — Inuring  the  third  week  two  areas  of  thickened  ectoderm,  the 
olfactory  areas,  appear  immediately  tinder  the  fore-brain  in  the  anterior  wall  of  the  . 
stptnndeuhi, orietm ftlliiiTtydc  of  a  region  termed  the  fronto-nasal  process  i. Ftgi  Fit, 
By  the  upgrow  t  h  of  the  surrounding  parts  these  areas  are  converted  .»«<•£. 
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the  olfactory  pits,  which  indent  the  fronto-nas^i  proc^sa  and  divkkv  it  into  a 
medial  and  two  lateral  nasal  processes  (Fig,  44).  'Hie  rounded '  lateral  angles  of 
the  medial  process  constitute  the  globular  processes  of  His  The  -olfactory  pits  form 
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F:r-  H  -Tfewd  i?sr,d  of  fcuifjmtb  embryo  of  about  thirty  Fus.  45,-^SftRie  sjfabryo  as  ihotvii  im  Fig  lijwfth  front 
t> i . tij (. jrt y -oojc  1 1  .  (Frorti  inodel  by  Peters.)  vnUl  vf  pharynx  removed 

die  rudiments  of  the  nasal  cavities,  and  from  their  ectodermal  lining  the  epithe¬ 
lium  c*f  the  nasal  cavities,  with,  the  exception  of  that of  the  inferior  meatuses,  is 
derive*!.  The  globular  processes  are  prolonged  backward  as  plates,  teVraetl  the  nasal 
lamina:  these,  lamina*  are  at  first  some  distance  apart,  hut,  gradually  approach- 


#9xiUar* 

P***  \  f* DC .**.* 


Loltml  ?wW  pto' 

Vy-;' 

OUftulur  prodjfvfi* 


T1qv  i7.— ^liovytu^  the  regions  erf  il«e ^lult  tVte  iintl  neck 
rstatesj  fa  the  fronto-hfiaul  process  and; the  brfttoqhiitf 


Fic  of  a  hutmtt  ed»bfyQ>of 

«Jb*ont  *tght  vre^sjea,  in  -which  the'  til&e  tffctl 
oww/th  fofraeti-  iHfifc)  ’  r‘v 


rag,  they  uitiumtdy.  fuse  and  form  the  1^1} -.septum:  the  processes;  themselves 
meet  in  the  puddle  line,  and  form  ihv  pcern&xdte  and  the  pluitrimi  |>r  central 
part  df  the;'  '.upper  lip  (Kg.  47).  The  depreMeti  part  i*f  the  medial  nasal  process 


»IS  EMBBYQJJMW  ; , . 

rho  globular  pnH-esws  forms  the  Mmvw  part  of  the  n:isal .-septum  or 
coliHBeila;  phik-  uixive  this;  is  prominent  siiigk,  whk-h  bm>m«ri  the  future 

•JFios.  tj-’igy,  .44.  awd  stiH  higher  u  Hat  area,  t he  fultfty  bridge,  of  the  nose, 
Tiie  lateral  aa.»v!  p*rocessV»  form  the  aUe  nf  the  ppse.  ;  '  .  .1  : " 

Contiguous  with  the  dorsal  end  of  tfe^maadihsHar  srokt  ^id 
frorf*  itij  eephaiic  horder,  b  a  maxillary  process,  the  ventral 

extremity  of  Vhkh  is  sepst-ared  Tfftjm  the  amn*Hb»fU»r  arch  by  a  >  shaped  .notch 


Kami 

cavity 


Fit,  l.»  ■— T‘r%ni)h\-to  palate  iufc  a  human  orulrt'yti  t>f  ibirty'-twvtm  t-o  thi(4,y-otght.  tbiyf.  (From  frjcxlel  by  } 

On  iho  ‘eft  aiiie  toe  laioml  wall  of  the  nasal  ravity  h>M»  been  removed 


.yFig.  14  j.  The  majullarj:  process  forms  the  lateral  wall  and  floor  of  the  orbit, 
fere  the •  zygomatic  bone' .and  the  greater  part  -of  the  maxilla;  it 

;:liH$fis:.,witIi-  the"  prooim<  from  which,  jiw?ev<grt;3t.  is:^pWted  a 

lime  by  a  groove,  the  n&m~vptie  furrow,  that  extends  from  the  furrow  encircling 
the  eyeball  to  the  oWaefery  pit.  The  maxillary  processes  ultimately  fuse  with  the 
lateral  nasal  and  globular  processes,  and  form  the  lateral  parts  of  the  upper  lip 

•  -  v  .  ••^ypV- • 

\  ••••  •  .•  •  Jpt<  V*iyd?k/;V  /Fev  •:  V  F: 


..  ■fvbU.h.it  yrfrt&h-ftf 

f.yyKi'A.  <  . 


PbitrtfjiX 


.-UJ-z -*C  )\  j/yy 

-The  %oi)f;vi.  tL*  *w0«Wt  #ol  $.burti&ij  .*!*$»>>•&  &!*««* nhajit  two  and  tt  half  month*  shewing  \\xn  made  uf 
lomiatfou  vtTh«  (His,) 


and  the  posterior  !hbppdari£s  of  Ihef  n^ureg  (Figs.  46,  47).  From  the  third  to 
the  fifth  month  the -hares  are  of  epithelium,  gel  the  breaking  down, 

and  disappearance  of.  which  th^  p?:f?Tutocnt  openings  are  produced.  The  maxillary 
process  (ibo  gives  rise  to  the  lower  portion  of.  the  lateral  wait  of  the  nasal  cavity. 
The.  roof  of  the  nose  awl  the ^  remaining  parts  of  ifjn  la  tend  wall,  viz.  /  the  ethmoidal 
labyrinth/  the inferior  nasal  eoneh%the  lateral  cartilage,  and  flit:  lateral  crus  of 
the  alar  cartilage,  are  developed  jn  the  lateral  nasal  pmdiag*  By  the  fusion  of  the 
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maxillary  and  nasal  processes  in  the  roof  of  the  stomodeum  the  primitive  palate 
iFig.  48)  is  formed,  and  the  olfactory  pits  extend  backward  above  it  The  pos¬ 
terior  end  of  each  pit  is  dosed  by  an  epithelial  membrane,  thebucco-nas&l  membrane, 
formed  by  the  apposition  of  the  nasal  and  stomodeal  epithelium.  By  the  rupture 
of  these  membranes  the  primitive  choanae  or  openings  between  the  olfactory  pits 
and  the  stomodeum  are  established.  The  floor  of  the  nasal  cavity  is  completed 
by  the  development  of  a  pair  of  shelf-like  palatine  processes  which  extend  medial- 
ward  from  the  maxillary  processes  (Figs.  49  and  50);  these  coalesce  with  each 
other  in  the  middle  line,  and  constitute  the  entire  palate,  except  a  small  part  in 
front  which  is  formed  by  the  premaxillary  bones.  Two  apertures  persist  for  a  time 
between  the  palatine  processes  and  the  premaxilke  and  represent  the  permanent 
channels  which  in  the  lower  animals  connect  the  nose  and  mouth.  The  union  of 
the  parts  which  form  the  palate  commences  in  front,  the  premaxillary  and  palatine 
processes  joining  in  the  eighth  week,  while  the  region  of  the  future  hard  palate 


Fur.  30  — Frontal  section  of  uaaal  cavities  of  a  human  embryo  28  mm.  lonft.  (Kollmann.) 


is  completed  by  the  ninth,  and  that  of  the  soft  palate  by  the  eleventh  week.  By 
the  completion  of  the  palate  the  permanent  cho&nse  are  formed  and  are  situated  a 
considerable  distance  behind  the  primitive  ehoame.  The  deformity  known  as 
deft  palate  results  from  a  non-union  of  the  palatine  processes,  and  that  of  hare¬ 
lip  through  a  non-union  of  the  maxillary  and  globular  processes  (see  page  199). 
The  nasal  cavity  becomes  divided  by  a  vertical  septum,  which  extends  downward 
and  backward  from  the  medial  nasal  process  and  nasal  laminae,  and  unites  below 
with  the  palatine  processes.  Into  this  septum  a  plate  of  cartilage  extends  from 
the  under  aspect  of  the  ethmoid  plate  of  the  chodrocranium.  The  anterior  part 
of  this  cartilaginous  plate  persists  as  the  septal  cartilage  of  the  nose  and  the  medial 
crus  of  the  alar  cartilage,  but  the  posterior  and  upper  parts  are  replaced  by  the 
vomer  and  perpendicular  plate  of  the  ethmoid.  On  either  side  of  the  nasal  septum, 
at  its  lower  and  anterior  part,  the  ectoderm  is  invaginated  to  form  a  blind  pouch 
or  diverticulum,  which  extends  backward  and  upward  into  the  nasal  septum  and 
is  supported  by  a  curved  plate  of  cartilage.  These  pouches  form  the  rudiments  of 
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the  vomero-nas&l  organs  of  Jacobson,  which  open  below,  close  to  the  junction 
of  the  premaxillary  and  maxillary  bones. 

The  Limbs.  — The  limbs  begin  to  make  their  appearance  in  the  fourth  week  as 
small  elevations  or  buds  at  the  side  of  the  trunk.  Unsegmented  somatic  meso¬ 
derm  pushes  into  the  limb  buds  and  multiplies  by  division  of  its  cells  into  closely 
packed  cellular  masses.  The  intrinsic  muscles  of  the  limbs  differentiate  in  situ 
from  the  peripheral  portions  of  this  unsegmented  mesoderm.  The  upper  limb 
begins  its  differentiation  in  the  neck  region  and  receives  its  nerve  supply  from  the 
fourth  cervical  to  the  second  thoracic  before  it  migrates  caudally.  The  lower 
limb  arises  in  the  region  from  the  twelfth  thoracic  to  the  fourth  sacral  inclu¬ 
sive  receiving  nerves  from  these  segments  before  its  caudal  migration.  The 
axial  part  of  the  mesoderm  of  the  limb-bud  becomes  condensed  and  converted 
into  its  cartilaginous  skeleton,  and  by  the  ossification  of  this  the  bones  of 


A  tirtciUa 


Vmln'iica-  card 


Fl'».  51. — Embryo  of  about  six  weeks.  (His.) 


Human  embryo  about  eight  and  a  half 
week*  old.  (His.) 

tho  limbs  are  formed.  By  the  sixth  week  the  three  chief  divisions  of  the  limbs 
are  marked  off  by  furrows— the  upper  into  arm,  forearm,  and  hand;  the  lower 
into  thigh,  leg,  and  foot  (Fig.  51).  The  limbs  are  at  first  directed  backward 
neat I>  parallel  to  the  long  axis  of  the  trunk,  and  each  presents  two  surfaces 
ami  two  borders.  Of  the  surfaces,  one  — the  future  flexor  surface  of  the 
limb— is  directed  Neutrally;  the  other,  the  extensor  surface,  dorsallv;  one  border, 
the  prm.riul,  looks  forward  toward  the  cephalic  end  of  the  embryo,  and  the 
other,  the  postoxud,  backward  toward  the  caudal  end.  The  lateral  epieondvle 


large  extent,  the  innervation  of  the  adult  limb,  the 
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serve*  of  die  more  anterior  segments  being  4iatrib(jte<T  slong  the  preaxiai  (radial 
»>r  ijt.iiti?,  and  those  of  the,  more  posterior  aiojic  the  postaxiul  (ulnar  or  fibukr) 
bonier  of  the  lirob  The  limbs  next  undergo  a  Eptation  or  tpraipu  through  an  single 
o!  'AV  around  their  long  axes  the  rotation  being  effected  almost  entirely  at  the 
lin'd  *  girdles.  In  the  upper  limb  the  rotation  i*  outward  and  forward;  in  the  lower 
limb,  inward  and  backward.  Asaconsequeinv  of  tlriK  rotation  the  preaxiaj  (radial) 
border  of  the  fore-limb  directed  latenihvanl,  arid  the  preaxiai  (tibial)  border 
of  the  hind-limb  is  'directed  medial  ward:  thus  the  tiexor  surface'  -of  the  fore-limb 
b  turued  forward,  and  that  of  the  hinddimb  baekwfml. 


DEVELOPMENT  OF  THE  BODY  CAVITIES. 

In  the  human  embryo  described  l»,v  Peters  the  •saesotlcsrm  outside,  the  embryonic 
dot.  is  split  into  two  layers  eadpsing  an  extra-einbrytMoc  f-o.-io'm;  there  is  no  trace 
of  an  intrn-ernbn  onic  Orofnitt.  At  a  later  stage  four  cavities  are  formed  within  the 
embryo,  via.,  one  on  either  side  within  ares,  and 

one  in  cither  lateral  nmss  of  the  general  fuesodernt.  AU  theke  : art  at  first  independeht 
each  either  and  of  the  extra-embryonie  eelom,  ljiit  latet  they  beeoihr.  etintiiitioUs. 


<8.  Mtaodtr* * 
r  MrtwridtMg 

[titnU  ?w<fOCMfdi:Un? 


'by' .ctrnibVaing  Severn  su  erosive  sections  of  a  Immao  emhryo  of  about  tho  fourth-  week 
up^m arrow .1*  fa  ibe  ^t»urcfpttfitOot*i»‘l  oponitu?,  iha  lower  iu  the  'pLeuropenr niii&l . 


’IV  esyofc*  th  the  general  mesitflmn  unite  on  the  ventral  aspect  of  the  gut 
and  W  it&  cavity,  which  heeotpe5  continuous  with  the  remains 

AfttiiffiS-;  ^  -the.  two  cavities  in  the  pert- 

can  i iu l  area* rapidly ;  join  to  form  a  .single  pericardia i  cavity*  and  this  from  iwo  lateral 
<i:-  eni  ula  extend  eaudalwnrd  to  open  into  the  pfvuru'}>eritonval  cavity  (Fig,  53'). 

tatter  divertictihi  is  the  ducts 

of  ("uvivr,  and  this  is  con tinuous ; venJt-rali v : in  which  the  timbili- 
nil  Vi'ii.x  are  -passing  to  the  sinus  venusus.  A  septum  of  'mesoderm  thus  extends 
Hp&y  the  bt*!y  *J  the  embryo-  .It  h  attached  ip  front  to  the/ body-wall  between 
the  pericardium  and  midVdieus;  behind  to  the  body -wall  at  the  level  of  the  second 
cervical  .segment ;  laterally*  :it  xs  fMeieni  where  the  pericardial  and  pleum-peri- 
rarities  communicate,  while  it  is*  perforated  in  the  middle  line  by  the  fore- 
gin  This  partition  h  termed  the  septum. 'fra&atomto,  and  is  at  first  .a  bulky  plate 
m  tissue.  As  development  procecfis  the  dorsal  end  of  the  septum  is  carried  grad¬ 
ually  eaudahvard,  and  when  it  reaches  the  fifth  ivrvidd  segment  muscular  tissue 
with  the  -phrenic  nerve  grows  into  it.  It  continue*  to  recede,  however,  until  i( 
reaches  the  position  of  the  udult  diaphragm  on  the  bodies  of  tin*  upper  lumbar 
verrelirntx  The  liver  buds  grow  into  the  septum  transversun*  and  undergo 
development  there. 
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and  project  laterally 


into  the  forepart  of  the  pieuro-fjeritoucut  cavity  :  l{»e  eiev4opio«  stottlHch  and  liver 
are  imbedded  in  the  septum  t  runs  volute;  caudal  to  chi*  the  intestines  project  into, 
the  back  pun  of  the  pleuro-pcrHune^i  cavity  (Fig,  5-1}..  Owing  u*  the  sJeseent  of 

Lefi  du<  tj>f  &tiVM  f$*&ybbij‘U6  Biphl  dtiCi  oj  Ci&'ir 


\flfrYU’C£* 

A,  ct 


fifd'jr .ifYtfffithv  (i 


optima) 


:jP^iww«M£  r&q$f 


OAUirMol  harsui 


BBi 


Fto:  VvQ**  pAn  nf  .v!om  of  fiuto*6  wnbryo  of  fr$i  com.,  M*»n  ftOttt  b^htntf.  {from  motifi  by 

the  dorsal  >:■( ul,  of  the  septum trausversum  the  Inna  hods- come  to  lie  above  the 
septum  and  thus  pleural  and  peri  toned  portions  of  the  pleurn- peritoneal  eitviiy 
(stiil.  liowevex,  in  free .■onmmmiioatiun  .with  une  another/  may  be  recognized:  tin* 
pericardial  cavity  opens  into  tie-  pleural  part. 


JW  (.  (  a/  cavUy 

j'MW 


(Esoptfiyufi 


f  vftrt  ior  Vf  ha  cava 


Ifoty-iMflJl 

VrriViirdium 


w\  lutf- 

The  ikipariition  of  the  permanent  oavitfes  froth  »me  another  is  effected 

Jjy  |he  grow  th  of  <t  ridge  of  tisstitcott  eitiier  'Snle  from,  the  rntfSiaferm  surroitiidtrig 
the  VJuct  (>f  <  iivicr  i  Figs.  fi&,  o  !  /  The  front  part  of  this  ridge -grows  ■across  and 
obliterates  the  plehro-periofmlia!  opening;  the  hinder  part  grows  across  the  pteuro- 
peritoHeal  < »[  ailing. 


Fit?.  V5o'- .'$U< .%*?uan  Uiroufciv  f.i(bfn<.  Mabry- 
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With  the  continued  growth  of  the  lungs  the  pleural  cavities  are  pushed  forward 
in  the  body-wall  toward  the  ventral  median  line,  thus  separating  the  pericardium 
from  the  lateral  thoracic  w^alls  (Fig.  51).  The  further  development  of  the  peritoneal 
cavity  has  been  described  with  the  development  of  the  digestive  tube  (page  1110 
d  seq.). 


Left  pleura  Bight  pleura 


Fig.  56. — The  thoracic  aspect  of  the  diaphragm  of  a  newly  born  child  in  which  the  communication  between  the 
peritoneum  and  pleura  has  not  been  closed  on  the  left  side;  the  position  of  the  opening  is  marked  on  the  right  side  by 
the  spinocostal  hiatus.  (After  Keith.) 


Menstrual  Age  with  Mean  Sitting  Height  and  Weight  of  Fetus. 

(Streeter.) 


Menstrual  age. 
weeks. 

Sitting  height 
at  end  of  week, 
mm. 

Increment 

in  height. 

Formalin 

weight, 

grams. 

Increment 

in  weight. 

mm. 

per  cent.  | 

grams. 

per  cent. 

S 

23 

1.1 

9 

31 

8 

26.0 

2.7 

1.6 

59.3 

10 

40 

9 

22  5 

4.6 

1.9  ! 

41  3 

11 

50 

10 

20.0 

7.9 

3.3 

41.8 

12 

61 

11 

18.0 

14.2 

6.3 

44  4 

13 

74 

13 

17.6 

26.0 

11.8 

45  4 

14 

87 

13 

15  0 

45.0 

19.0 

42.2 

15 

101 

14 

14.0 

72.0 

27.0 

37.5 

16 

116 

15 

13.0 

108.0 

36  0 

33.3 

17 

130 

14 

10.8 

150.0 

42  0 

28.0 

18 

142 

12 

8.4 

198.0 

48.0  1 

24.2 

19 

153 

11 

7.2 

253.0 

55.0  1 

21  7 

20 

164 

11 

6.7 

316.0 

63.0  ! 

20  0 

21 

175 

11 

6.3 

385.0 

69.0 

18  0 

22 

186 

11 

6.0 

460.0 

75 . 0 

16.3 

23 

197 

11 

5.6 

542.0 

82.0 

15  0 

24 

208 

11 

5.3 

630.0 

88.0 

14.0 

25 

218 

10 

4.6 

723.0 

93.0 

13.0 

26 

228 

10 

4.4 

823.0 

100.0 

12.2 

27 

238 

10 

4.2 

930.0 

107.0 

11.5 

28 

247 

9 

3.6 

1045.0 

115.0 

11.0 

29 

256 

9 

3.5 

1174.0 

129.0 

11.0 

30 

265 

9 

3.4 

1323.0 

149.0 

11.3 

31 

274 

9 

3.3 

1492.0 

169.0 

11.3 

32 

283 

9 

3.1 

1680  0 

188.0 

11.2 

33 

293 

10 

3.4 

1876.0 

196  0 

10.4 

34 

302 

'  9 

3.0 

2074.0 

198  0 

9.5 

35 

311 

9 

3.0 

2274 . 0 

200 . 0 

8.8 

36 

321 

10 

3.1 

2478.0 

204  0 

8.2 

37 

331 

10 

3.0 

2690.0 

212.0 

8  0 

38 

341 

10 

3.0 

2914.0 

224  0 

7 . 7 

39 

352 

11 

3.1 

3150  0 

236.0 

7  5 

40 

362 

10 

2.8 

3405.0 

255 . 0 
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THE  GROWTH  OF  THE  EMBRYO. 

First  Week,— During  this  pastil  the  ovum  ls  in  the  uterine  tube.  Having  been  fertilized  in 
the  Upper  part  of  the  tube,  it  slowly  passes  f1ownt  iitiderpning  eegtnmtution,  -and  reaches  the 
uterus  Thv  hmer-eell  mm  -probably  forms -during  this  period.  'y  Hp.  htfimiti .ova  $1  the  first 
week  have  been  eviuuiiied  \  ^ 

Second  W^sk— Tha  .«?«  rlm-si  described  human  ova  belong  to  the  latter  ludf.  of  the  second  week. 
Tfmac  ot  eleven  and  twelve day* me  without  -chorionic  villi  The  embryonic  rudiment  consists 
of  two  hippie  vesjei^tt  ur  .  trf ;'  e^ls^  ::.l; W:  $#iipwp~%f>£  yeakdeB.  By  the 

fourteenth  day  I’FigS:  23  and  3fj  primitive  villi  have  appeared;  a  mesobhtKt; mo  he  recognised 
t  bid '  is  h*ef>aeaWi  into  parietal  knd  layers tty  t)te  exot^tdoitnc  ea  yity> ;  The  two  vesicle**  are 

well  deveio|>e«i .  (>ti>  lined  by  giHpd&rm  is  the  -amiUotk*  cavity  ,  ahdjts  'ffc&f! form*  ike  prumt if e 

•embryonic  plate.  The  sc^md  y&sude  ties  beueUth  the  embryonic  pbuh;  if  is?  the  yoik-^e  n,mi  is 
lined  by  endodem 

Third  W«6k«^J^^f<wTheJ\rst  part  <]f  tlw  third  week  the  pnftvifctyr?  (Fi$&  f  t, 

24,  25),  the  alihjPoic  duet  begivis  to  dt^vlop,  the  yoik^e  eidarg>>v  ai»*i  bk>odv<tssek  begin  to 
form  Before  the  end  nf  the  week  the  neural  folds  appear  (ftj^  p*  a nd  fMl)  arid  be^.u to  on)  tty 
{Fig  f7k  The  cabal  opens.  T»V  pritnitive  segmerifs  f jegiii  db  fdtixi.  -The;  changps 

during,  this  week  occur  with  great  rapidity 

Fourth  Week; —Dining  the  fourth  week  (Pigs,  24,  5U,  40)  the  neural  folds  close,  the  prinitl ivc 
segments  inciyjii#)e  in  number.,  the  appear'.  ianef  |h^  conpeHion  of  the  yolk-sac 

with  the  embryo  becomes  considerably .  rtarrpwfcd  so  that  the  embryo,  assumes  -  a  mOr*-  definite 
form.  The  lhhb-bnd«  begin  to  show  sand  the  heart  mcn^tee4';gfaaf!y  in  produduig  rt  pfomo 
noiit  bulge,  tiv  the  brarfehia!  regioa. 

Filth  Week.  — The  embryo  becomes  markedly  cufvpd,  the  head  increases  gently,  in  size  and 
the  htab-btid^  >bo\v  segments  fpiR  22k  The  branchial  archer  undergo  profound  ditVOjgt’3  aitd 
parity  di^piA-ir.  Tie-  superficial  nose,  eye  and  ear  rndirtwnm  become  prominent. 

Sixth  Wftek,  -The  curvature  of  the  embryo  b  further  diminished  The  branchial  grootes— 
except  the  first  — have  disappeared;  .ami  tbe-rudihjerits*  t>f  the  fingers  and  toes  can  tie  m?c»griiaed 
(Fig.  pi>. 

Seventh  and  Eighth  Weeks.— The  flexure  of  the  h^ad  1*  gradually.  mTUced'^d  llie &•&:£'  ie ' 
somewhat  lengthened;  The  upper  lip-  Is  completed  and  the  rinse  i*  more  prominent.  The  nostrils 
are  directed  forwvuxl  and  the1. palate  is  not  \i  mipleiely  developed..  The  eyelids  are  present,  in  the 
shape  of  fpjd*  oboyd  kmV  titflow  the  eytyupd  t  he  tMerCht  parts  of  the  auricula  are  dislingviigh- 
able,  fty  the  end  of  the  second  month  the  feth«  tpe^rires  fmm'SS  to  30  mm.  in  lehgtb  £Fsg.  52). 


7TH  8TH  8TH  9TH.  9TH  10 TK  tOTH  MONTH 

it>».  •><  — Body  proportion*  of.  dvri/ig  fe.UU  Rr*>wf  h  and  in  rtdn.lt.  life,  hasted  upon  uv^rape 

'‘Op  ft*iucvtt  to  ifcc  samr-  aitiinfc  hvisrht  1  \ .  ii  ^rltulTfc) . .  Wnh  hflvanritig  growth 
U? **4,  t«kXiAf**aiArly  iu  cjrumai  gutrt,  bwomew  ’ttsi^Uvaly  <*mnfler  ttmi  rjm  in  f^nerjil 

u*ager  Tbc  upper  VtntU  inf  rnuxMn.utn  priiwiid  Ifcjug’h  dafing  «)ju  (iftii  luooth 

t*«  4a«*sttj»$G  AjL-iin  io  r^ikUun  Vo  iUs»  (rank  !uM#hf  wtter  hint*.  Tto?;  uvm^tviovj*-  i}rv*?k»pni#Mif  of 
iK-rer  limb.  ryt>ir.*U  for  man.  t|oe*  not  become-  t-vid  tint  .until  .post,  nut  ip;  yrosvtti  .  Tfcrj;  furr*Arni 
vr  <&%  tartar  thftft  tbc  tipper  *m i  *a»4  *fce/.k-«c  tantafr  t  han  Tin-  tviiJtb  'the  Jfiijv 

r,-*r»*vi.wiM  jwr  *  JUOTe  rapid  rare*  ib&n  the  width  bvtwonn  tho  ^liouldjr-r*  fit  Ui\ uJ^s;td>C‘ .  ***  arc 

hieh+r  the  ^qjW&atemal  ttut*!*,  *ht  uijjplM  yWuuydv  Inulwr  I  hr  -  k^l,  t*ud  the 

r$Wiv«4>'  tower  on  * b#>  uWominni  w»U  than  in  nduHn  W it |j  atlvkUou  in  gjrowtU  ibp- 
hs^at4%  irf  xhr  k*%4  dflirmw**  m  fr>  fh<?  Jiotwi  U  nyth  .  fh«  uun*  h<v<?bvc;  r<*U»U  5vuly  larger, 

the  rye*»  move  closer  together,  the  nose  increases  in  height  in  relation  to  the  face  height,  and 
dt*re* «*  in  width  in  relation  to  the  face  width. 

Racial  differin’'***  in  body  proportions  develop  as  early  c«  the  human  form  can  be  recognised.  Individual  differences 
i  &..  variability,  are  fully  as  pronounced  in  fetal  as  in  adult  life.  Asymmetries  become  evident  long  before  birth. 


ADULT 


Third  Month. — The  head  is  extended  and  the  neck  is  lengthened.  The  eyelids  meet  and  (use, 
remaining:  closed  until  the  end  of  the  sixth  month.  The  limbs  are  well-developed  and  nails  appear 
on  the  digits.  The  external  generative  organs  are  so  far  differentiated  that  it  is  possible  to  dis¬ 
tinguish  the  sex  By  the  end  of  this  month  the  length  of  the  fetus  is  about  7  cm.,  but  if  the  legs 
be  included  it  is  from  9  to  10  cm. 

Fourth  Month. — The  loop  of  gut  which  projected  into  the  umbilical  cord  is  withdrawn  within 
the  fet  us.  The  hairs  begin  to  make  their  appearance.  There  is  a  general  increase  in  size  so  that 
by  the  end  of  the  fourth  month  the  fetus  is  from  12  to  13  cm.  in  length,  but  if  the  legs  be  included 
it  &  from  16  to  20  cm. 

Fifth  Month. — It  is  during  this  month  that  the  first  movements  of  the  fetus  are  usually  ob¬ 
served  The  eruption  of  hair  on  the  head  commences,  and  the  verttix  custom  begins  to  be  deposited. 
By  the  end  of  this  month  the  total  length  of  the  fetus,  including  the  legs,  is  from  25  to  27  cm 

Sixth  Month. — The  body  is  covered  by  fine  hairs  ( lanugo )  and  the  deposit  of  vernix  caseosa 
is  considerable.  The  papillae  of  the  skin  arc  developed  and  the  free  border  of  the  nail  projects 
from  the  corium  of  the  dermis.  Measured  from  vertex  to  heels,  the  total  length  of  the  fetus 
at  the  end  of  this  month  is  from  30  to  32  cm. 

Seventh  Month. — The  pupillary  membrane  atrophies  and  the  eyelids  are  open.  The  testis 
descends  with  the  vaginal  sac  of  the  peritoneum.  From  vertex  to  heels  the  total  length  at  the 
end  of  the  seventh  month  is  from  35  to  36  cm.  The  weight  is  a  little  over  three  pounds. 

Eighth  Month. — The  skin  assumes  a  pink  color  and  is  now  entirely  coated  with  vernix  caseosa, 
and  the  lanugo  begins  to  disappear.  Subcutaneous  fat  has  been  developed  to  a  considerable 
extent,  and  the  fetus  presents  a  plump  appearance.  The  total  length,  i.  e.,  from  head  to  heels, 
at  the  end  of  the  eighth  month  is  about  40  cm.,  and  the  weight  varies  between  four  and  one-half 
and  five  and  one-half  pounds. 

Ninth  Month. — The  lanugo  has  largely  disappeared  from  the  trunk.  The  umbilicus  is  almost 
in  the  middle  of  the  body  and  the  testes  are  in  the  scrotum.  At  full  time  the  fetus  weighs  from 
six  and  one-half  to  eight  pounds,  and  measures  from  head  to  heels  about  50  cm. 
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OSTEOLOGY. 


THE  general  framework  of  the  body  is  built  up  mainly  of  a  series  of  bones, 
supplemented,  however,  in  certain  regions  by  pieces  of  cartilage;  the  bony 
part  of  the  framework  constitutes  the  skeleton. 


In  the  skeleton  of  the  adult  there  are  206  distinct  bones, 

as  follows:— 

Vertebral  column 

.  26 

Axial 

Skull . 

.  22 

Skeleton 

Hyoid  bone  ... 

1 

.  Ribs  and  sternum 

.  25 

— 

74 

Appendicular  J 

i  Upper  extremities 

.  64 

Skeleton  ) 

L  Lower  extremities 

.  62 

— 

126 

Auditory  ossicles 

. 

• 

6 

Total 

206 

The  patellae  are  included  in  this  enumeration,  but  the  smaller  sesamoid  bones 
are  not  reckoned. 

DEVELOPMENT  OF  THE  SKELETON. 

The  skeleton  is  of  mesodermal  origin.  The  first  indications  usually  appear  as 
condensations  of  the  mesenchyme  into  the  membranous  or  blastemal  rudiments 
in  which  cartilage  and  bone  differentiate.  With  the  exception  of  certain  of  the 
cranial  bones  the  membranous  rudiments  are  converted  into  cartilage  which  is 
in  turn  replaced  by  bone. 

The  Vertebral  Column. — The  notochord  (Fig.  18)  is  a  temporary  structure  and 
forms  a  central  axis,  around  which  the  segments  of  the  vertebral  column  are  devel¬ 
oped.1  It  is  derived  from  the  entoderm,  and  consists  of  a  rod  of  cells,  which  lies 
on  the  ventral  aspect  of  the  neural  tube  and  reaches  from  the  anterior  end  of  the 
mid-brain  to  the  extremity  of  the  tail.  On  either  side  of  it  is  a  column  of  paraxial 
mesoderm  which  becomes  subdivided  into  a  number  of  more  or  less  cubical  seg¬ 
ments,  the  primitive  segments  (Figs.  18  and  19).  These  are  separated  from  one 
another  by  intersegment&l  septa  and  are  arranged  symmetrically  on  either  side  of 
the  neural  tube  and  notochord:  to  every  segment  a  spinal  nerve  is  distributed. 
At  first  each  segment  contains  a  central  cavity,  the  myocoel,  but  this  is  soon  filled 
with  a  core  of  angular  and  spindle-shaped  cells.  The  cells  of  the  segment  become 
differentiated  into  three  groups,  which  form  respectively  the  cutis-plate  or  derma¬ 
tome,  the  muscle-plate  or  myotome,  and  the  sclerotome  (Fig.  58).  The  cutis-plate 
is  placed  on  the  lateral  and  dorsal  aspect  of  the  myocoel,  and  from  it  the  true  skin 
of  the  corresponding  segment  is  derived;  the  muscle-plate  is  situated  on  the  medial 
side  of  the  cutis-plate  and  furnishes  the  muscles  of  the  segment.  The  cells  of  the 
sclerotome  are  largely  derived  from  those  forming  the  core  of  the  myocoel,  and  lie 
next  the  notochord.  Fusion  of  the  individual  sclerotomes  in  an  antero-posterior 
direction  soon  takes  place,  and  thus  a  continuous  strand  of  cells,  the  sclerotogenous 
layer,  is  formed  along  the  ventro-lateral  aspects  of  the  neural  tube.  The  cells  of 
this  layer  proliferate  rapidly,  and  extending  medialward  surround  the  notochord; 
at  the  same  time  they  grow  backward  on  the  lateral  aspects  of  the  neural  tube 
and  eventually  surround  it,  and  thus  the  notochord  and  neural  tube  are  enveloped 

1  In  the  araphioxus  the  notochord  persists  and  forms  the  only  representative  of  a  skeleton  in  that  animal. 

(77) 
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by  a  continuous  sheath  of  mesoderm,  which  is  termed  the  membranous  vertebral 
column.  In  this  mesoderm  the  original  segments  are  still  distinguishable,  but  each 

is  now  differentiated  into 

%two  portions,  an  anterior, 

consisting  of  loosely  arranged 
cells,  and  a  posterior,  of 
more  condensed  tissue  (Fig. 
59,  A  and  B ).  Between  the 
two  portions  the  rudiment 
of  the  intervertebral  fibro- 
cartilage  is  laid  down  (Fig. 
59,  C ).  Cells  from  the  pos¬ 
terior  mass  grow  into  the 
intervals  between  the  myo¬ 
tonies  (Fig.  59,  B  and  O  of 
the  corresponding  and  suc¬ 
ceeding  segments,  and  extend 
both  dorsally  and  ventrally; 
the  dorsal  extensions  sur¬ 
round  the  neural  tube  and 
represent  the  future  neural 
arch,  while  the  ventral  ex¬ 
tend  into  the  body-wall  as 
the  costal  processes.  The 
hinder  part  of  the  posterior 
mass  joins  the  anterior  mass 

Fio.  58. — Transverse  section  of  a  human  embryo  of  the  third  week  *  ,,  j*  . 

to  show  the  differentiation  of  the  primitive  segment.  (Kolimann.)  ao.  01  the  Succeeding  Segment 

M'“cl^plate-  Neural  c&nal-  “•  Sclerotome-  *p-  to  form  the  vertebral  body. 

Each  vertebral  body  is  there¬ 
fore  a  composite  of  two  segments,  being  formed  from  the  posterior  portion  of 
one  segment  and  the  anterior  part  of  that  immediately  behind  it.  The  vertebral 
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Fio.  59. — Scheme  showing  the  manner  in  which  each  vertebral  centrum  is  developed  from  portions  of  two  adjacent 

segments. 


and  costal  arches  are  derivatives  of  the  posterior  part  of  the  segment  in  front 
of  the  intersegmental  septum  with  which  they  are  associated. 
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This  stage  is  succeeded  by  that  of  the  cartil&gi&oua  vertebral  column.  In  the 
fourth,  week  two  cartilatgtitoUS  centers  make  their  appearance,  one  oit  either  side  of 
the  notochord ;  these  extend  around  the  notochord  and  form  the  bodj  of  the  cartil- 
apnons  vertebra.  A  aooond >|>atir  of  cartilaginous  foci  appear  in  t  he  lateral  parts  of 
the  vertebral  bow,  and  grow  backward  oh  cither  side  of  the  neural tube  to  form 

for 
the 

. 

aspect  of  the  neural  tube.  The  spinous  process  i*  developed  from  the  junction  of - 
the  two  halves  of  the  neural  or  vertebral  arch.  Tim  transverse  process  grows  out 
from  the  vertebral  arch  behind  the  costal  process.  '  V'  '■ 

In  the  upper  cervical  vertebra?  a  band  of  mesoderms!  tissue  connects  the  ends  of 
the  vertebral  arches  across  the  ventral  surfaces  of  tire  iutervertehral  libroearti  lages. 
This  is  tertoed  the  bypocbenJal  bar  or  brass;  in  all  evefept  the  first  it  is  transitory 
s;id  disappears ‘by  fusing  with  the  fibrocartilages.  hv  the  atlas,  however,  the  entire 
how  persists  and  undergoes  ehoudrifica tinn  pit  develops  into  the  anterior  arid i  of  the 
hunt:.  while  the  cartilage  representing  the  body  of  the  atlas  forms  the  dens  or 
odmpoid  process  which  fuses,  with  the  bod  v  of  the  sect ?nd  cervical  vertebra. 


AaHri&r 
ktngiludi^al  » 
Itginnertt  ^ 


f'ipft&iorlwtjit  udinal 
~  ;  ligament 
C&rtilayiuoa#  t  nd 


*,  ;  r^-.^SSsssi 

"  ■  /  .  /i. .  1££T 

?  W*l§  '  : 

Slight  enlarge 

Sfcjj  ,  _  %  of  iidtotdior 


•ment 
in 

'7^0-fkt  difi  ilag\'nm.s 
rUbral  hmly 


W^: 


F*e.  &f. 


~Sa**t Lai  portion  titfoug-).*  jh\  mte\rv<.*r  tubful  iibrpcaruiogo  ixud  adjacent  parks  of  two  vertebra  of  an  udvu ncid 

f»he*»p'*  GZHbty  c.  t  Kolliker.) 


the  central  nucleus  pulpostus  of  the  8L>rtjCtt-rtllajL^s  :;(Fig^  i 

The  Ribs.— The  ribs  are  formed  from  the  v^ri tf  al  or  costal  process^  of  the 
primitive  vertebral  bo$s,  the  praro&ea  extendm^  between  the  mtisek'-plates: :  In 
the  fhoraeic  region  bf  tfe?  vertebral  column  the  costal  prxt^ses  grow  l^terai^r<i  to 
form  a  series  of  arches,  the  primitive  costal  arches.  A*  njeetidy  4^<^lbcd,  the 
transverse  process  grtWK  out  behind  feW  Vertebral  cod  ojTeacb  |fcre3i,  It  at  first 
♦•onneeted  to  the  costal  process :  by  contimioits m^viderm,  but 
entiated  later  to  form  the  Costotransverse  ligamtmfc 

and  the  tip  of  the  transverse  process  the  e^fertransverae  joint  formed  ’1||; 
al/sorptien.  The  costal. process  becomes  separated  from  the  vertebral  bow  by  the 
cfevdupmerit  of  the  rosrxetitraf  joint.  In  the  cervical  vertebra*  (Tig.  til)  the  trans-' 
verse  process  forms  tfic  {x>stcr/of.  boundary  of  the  formpen  trausversarium,  while 
the  gfatiil  p roeess  corresponding  to  the  head  and  neck  of  the  rib  fuses  with  the 
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body  <>f  the  vertebra ,  and.  forms,  the  anter!>laterat  boundary  of  the  foramen.  The 
distal  portions  of  the  primitive  costal  arches  remain  undeveloped;  occasionally 
the  arch  of  the  seveuth  cervix]  vertebra  undergoes  greater  development,  and  by 
the  formation  of  Pctstoveriebr&i  •  joints  is  separated  -off  'as  •  a  rib.  In  tire  lumbar- 
regum  the  distal  portions  of  the  primitive  costal  arches  fail;  the  proximal  portions 
fuse  with  the  transverse  processes  to,  form  the  transverse  processes  of  descriptive 
anatomy.  Occasionally  a  movable  fib  is  developed  in  connection  with  the  first 
bint  bar  vertebra,  fli  the  sacral  region  costal  processes  are  developed  only  in 
connection  pith  the  upper  three;  or  ii  may  he  l««r,  vertchpe;  the  processes  of 
adjacent  segments  fuse  with  one  another  to  form  the  lateral  parts  of  the  sacrum. 
The cmcyQi'iir Tertchtte are  devoid  of  ;COSfdrprbfieiVr^vV':.;’.:.  '  . 


CEHVK’AL 


LVM1UK 


THORACIC  S.UUiU, 

Jfia.  t*i  si  to  tv  1  at  ilu?.  porttow  of  th*.  adult  WK*b»  derived  r^pe-.n-t  ver!  y  ■ -1 1X9.1  tfra  bpcite*.  vertebral 

rbes.  apd  coital  presses  of  iiw  embrj  poiv  vembrse  Tbfc bodied  »>re  reptwuttni  »y  ytiH/y*y  ti’*  venobr  rl  *reh«t 
red.  and  0«i  rc*Ul  procesees  m  blue. 


The  Sternum, — The  .ventral  end*  nl  tl?<:  ribs  become  united  to  one  another  by  a 
Jongititdiimi-  bar  'ieriue>l  the  sternal  opposite-  the  first  'seven  pairs  of  ribs 

th>?sf  eternal  plated  fuse  in  the  mkldh*  line  to  form  the  manubrium  and  body  of  the 
sternum.  The  xiphoid  pn.K'ess  is  formed  by  a  backward  extension  of  the  sternal 
plates. 

The  Skull.  —The  first  indications  of  the  membranous  skull  are  found  in  the  U».si- 
‘Xvipb'b  and  Itasujihtnokl  and  about  the  auditory  vndclcs.  Thecomlcusation  of  the 
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iarce  nerves  and  vessel*  ptevi  irito  or  (hit  of  the  rnnuum..  Before  tlu  iheiiibranous 
tiwrtmm  is  er>mpiete,  ehoTidrifieatioa  begtiiir  to  show  in  the  •  Two 

(Fig.  8$)  :;opf^,;^ne; ;  oh  either  near  where  it 'enters 
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*be  ^-ijiital  blastema  or  condense*!  mes^lern*-  f  HfiHtfnri  gradually  spreads 
irm  these  miters,  tuedially  around  ihr  teHo^hortl,  laterally \>f 
tJbe  h>7Ki^Iossal  nerve,  and  anterioriy  to  unite  wd}t  tte 
rder  *»f  the  hasisphenokJ  to  form  an  double*]  t>a^i  ni  y\ivnh\^r  ^xU'U duu:: 
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from  the  foramen  magnum  to  the  anterior  end  of  the  sphenoid  where  it  continues 
into  the  blastema  of  the  ethmoid  region  which  later  becomes  ehondrified.  When 
the  auditory  capsules  begin  to  chondrify  they  are  quite  widely  separated  from  the 
basal  plate  (  Fig.  03).  By  the  time  the  embryo  is  20  mm.  in  length  the  cochlear 
portion  of  the  auditory  or  otic  capsule  is  fused  to  the  widened  basal  plate  and  the 
jugular  foramen  has  become  separated  from  the  foramen  lacerum  (fig.  64),  From 
the  lateral  region  of  the  occipital  cartilage  a  broad  thin  plate  of  cartilage  (tectum 
pmterius  or  nucha!  plate)  extends  around  the  caudal  region  of  the  brain  in  a 
complete  ring  (Fig.  65)  forming  the  primitive  foramen  magnum.  The  complete 
chondrocranium  is  shown  in  Figs.  66  and  67.  There  are  other  minor  cartilaginous 
centers  which  unite  with  main  continuous  mass.  The  chondroeraniuin  forms  only 
a  small  part  of  the  future  ossified  skull.  Various  centers  of  ossification  develop 


Fto  1}5 C^rlilaginou**  akujl  of  a.  43 .mm.  human  embryo.  (MacklinV 


in  the  cartilage  and  give  rise  to  all  of  the  occipital  bone,  except  the  upper  part  of 
the  squama,  to  the  petrous  and  mastoid  portions  of  the  temporal,  to  the  sphenoid, 
except  its  medial  pterygoid  plates  and  part  of  the  temporal  wings,  and  to  the 
ethmoid  >  Fig.  68)  . 

The  bones  of  the  vault  are  of  membranous  formation,  and  are  termed  dermal  or 
covering  bones.  They  are  partly  developed  from  the  mesoderm  of  the  membranous 
cranium,  and  partly  from  that  which  lies  outside  the  entoderm  of  the  fore- 
gut.  They  comprise  the  upper  part  of  the  occipital  squama  (interparietal),  the 
squama?  and  tympanic  parts  of  the  temporals,  the  parietals.  the  frontal,  the  vomer, 
the  medial  pterygoid  plates,  and  the  bones  of  the  face.  Some  of  them  remain 
distinct  throughout  life,  v.  g.%  parietal  and  frontal,  while  others  join  with  the  bones 
of  the  chondrocranium,  t\  g interparietal,  squama?  of  temporals,  and  medial 
pterygoid  plate*. 
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The  anterior  anil  posterior  thirds  of  the  cranial  dotohhord  become  surr'ttmdgd 
by  the  cartilage  of  .the  basal  plate,  its  middle  part  lies  between  the  middle  pari  of 


—Base  of  skull.  bdiu;  osSilicd  Jd  cartilage  )>lue,  menibmoe  botfe  gray 


the  basal  |>buv  aiul  the  wall  of  the  pharyiix.;  The  anterior  i^rui  is  embedd^l  in  the 
basisphetinvl-  There  are  very  distfmn  itulieatioj^  nf  an  nt  cipital  vertebra  at  the 
vandal  end  of  the  uecipital  cartilage  in  ernbn  os  about  20  min.  by  length. 


hij'po-phyueos 

Structure  and  Physical  Propertius.—  Bone 
is  one  of  the  hardest  struefurts  of  the 
animal /!&?%;' it  possesses  .aissfr;  «  eurtjftUi 

e'  degitmof  toughhesS  arnT  elasticity.  Us 

— Oi<wh  plate  dolpt,  in  a  frfesh.  $&J&  is  pjn’kisb*whtt.c 

•.  •' ’  externally,  amt  deep  rtuthin.  On  ex- 
aminin."  a  sortron  of  any  bone,  it  is  stun 
to  bfc  <:•«»! of  t  wo  kinds  of  tissue,  one 
of  'M;bit^(fsi;dons^  in  texturt'.Jike  ivon ,  and 
ik  termed  compact  tissue ;  the  other  consists 
of  skWidctOibcp  and  tamtdla;.  which  join 
tp  form  a  reticufsir  structure;  this,  from 
jts  resetoWanoe  to  lattice- work,  is;  called 
camoeilous  tissue.  The  compact  tissue  is 
ahXAyS  placed  on  the  exterior  of  the  bone, 
’tilitjf  yUtVcellolis  in  the  interior.  The  refa- 

. . .  Jg|p'  fjuhtijibt  of  these  two  kinds  of  .tissue 

varies  in  .different  home.  and.  In  diiiVivot  parrs  of  the  same  hone,  according  as 
strength  or  iightnc-  is  f-iui.-ire  >\'loSc  cxmiiinatioti  of  flic  compact  tissue  shows 
it  to  he  es.i.reii)dy  porous,  so  that  the  differ* in  >1  Picture  between  it  and  the 
c^rH  ClIpiiS .  tisSttc  depentb  merely  upon  the  different  amount  of  solid  matter,  ami 
the  sue  ami  number  of  spa^s  in  each,  the  cavities  are  small  it*  tlk*  compact 
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tissue  and  the  solid  matter  between  them  abundant,  while  in  the  cancellous  tissue 
the  spaces  are  large  and  the  solid  matter  is  in  smaller  quantity. 

Bone  during  life  is  permeated  by  vessels,  and  is  enclosed,  except  where  it  is 
coated  with  articular  cartilage,  in  a  fibrous  membrane,  the  periosteum,  by  means 
of  which  many  of  these  vessels  reach  the  hard  tissue.  If  the  periosteum  be  stripped 
from  the  surface  of  the  living  bone,  small  bleeding  points  are  seen  which  mark  the 
entrance  of  the  periosteal  vessels;  and  on  section  during  life  every  part  of  the 
bone  exudes  blood  from  the  minute  vessels  which  ramify  in  it.  The  interior  of 
each  of  the  long  bones  of  the  limbs  presents  a  cylindrical  cavity  filled  with  marrow 
and  lined  by  a  highly  vascular  areolar  structure,  called  the  medullary  membrane. 


The  Strength  of 

Bone  Compared 

WITH  OTHER 

Materials 

Weight,  in 
pounds  per 
cubic  foot. 

Ultimate  strength. 

Substance. 

Pounds  per  square  inch. 

Tension. 

Compression. 

Shear. 

Medium  steel 

.  .  490 

65,000 

60,000 

40,000 

Granite 

.  .  170 

1,500 

i  15,000 
7,000* 

2,000 

Oak,  white 

46 

12, £00* 

4,000* 

Compact  bone  (low)  .... 

119 

13,200* 

!  18,000* 

11,800* 

Compact  Txme  (high)  .... 

•  •  !  . 

17,700* 

24,000* 

7,150* 

Periosteum. — The  periosteum  adheres  to  the  surface  of  each  of  the  bones  in 
nearly  every  part,  but  not  to  cartilaginous  extremities.  When  strong  tendons  or 
ligaments  are  attached  to  a  bone,  the  periosteum  is  incorporated  with  them.  It 
consists  of  two  layers  closely  united  together,  the  outer  one  formed  chiefly  of 
connective  tissue,  containing  occasionally  a  few  fat  cells;  the  inner  one,  of  elastic 
fibers  of  the  finer  kind,  forming  dense  membranous  networks,  which  again  can  be 
separated  into  several  layers.  In  young  bones  the  periosteum  is  thick  and  very 
vascular,  and  is  intimately  connected  at  either  end  of  the  bone  with  the  epiphysial 
cartilage,  but  less  closely  with  the  body  of  the  bone,  from  which  it  is  separated  by 
a  layer  of  soft  tissue,  containing  a  number  of  granular  corpuscles  or  osteoblasts,  by 
which  ossification  proceeds  on  the  exterior  of  the  young  bone.  Later  in  life  the 
periosteum  is  thinner  and  less  vascular,  and  the  osteoblasts  are  converted  into  an 
epithelioid  layer  on  the  deep  surface  of  the  periosteum.  The  periosteum  serves 
as  a  nidus  for  the  ramification  of  the  vessels  previous  to  their  distribution  in  the 
bone;  hence  the  liability  of  bone  to  exfoliation  or  necrosis  when  denuded  of  this 
membrane  by  injury  or  disease.  Fine  nerves  and  lymphatics,  which  generally 
accompany  the  arteries,  may  also  be  demonstrated  in  the  periosteum. 

Marrow. — The  marrow  not  only  fills  up  the  cylindrical  cavities  in  the  bodies  of 
the  long  bones,  but  also  occupies  the  spaces  of  the  cancellous  tissue  and  extends 
into  the  larger  bony  canals  (Haversian  canals)  which  contain  the  bloodvessels. 
It  differs  in  composition  in  different  bones.  In  the  bodies  of  the  long  bones  the 
marrow  is  of  a  yellow  color,  and  contains,  in  100  parts,  90  of  fat,  1  of  areolar  tissue 
and  vessels,  and  3  of  fluid  with  extractive  matter;  it  consists  of  a  basis  of  connective 
tissue  supporting  numerous  bloodvessels  and  cells,  most  of  which  are  fat  cells 
but  some  are  “marrow  cells,”  such  as  occur  in  the  red  marrow  to  be  immediately 
described.  In  the  flat  and  short  bones,  in  the  articular  ends  of  the  long  bones, 
in  the  bodies  of  the  vertebra,  in  the  cranial  diploe,  and  in  the  sternum  and  ribs 
the  marrow  is  of  a  red  color,  and  contains,  in  100  parts,  75  of  water,  and  25  of  solid 
matter  consisting  of  cell-globulin,  nucleoprotein,  extractives,  salts,  and  only  a 
small  proportion  of  fat.  The  red  marrow  consists  of  a  small  quantity  of  connective 
tis>ue,  bloodvessels,  and  numerous  cells  (Fig.  70),  some  few  of  which  are  fat  cells, 

1  Indicate?  stresses  with  the  grain,  i.  e.,  when  the  oad  is  parallel  to  the  long  axis  of  the  material,  or  parallel  to  the 
directum  of  the  fillers  of  the  material. 

:  Indicates  unit -stresses  across  the  grain,  %.  at  right  angles  to  the  direction  of  the  fibers  of  the  material. 
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but  the  great  majority  are  roundish  nucleated  cells,  the  true  “marrow  cells” 
of  Kolliker.  These  marrow  cells  proper,  or  myelocytes,  resemble  in  appearance 
lymphoid  corpuscles,  and  like  them  are  ameboid;  they  generally  have  a  hyaline 
protoplasm,  though  some  show  granules  either  oxyphil  or  basophil  in  reaction. 
A  number  of  eosinophil  cells  are  also  present.  Among  the  marrow  cells  may  be 
seen  smaller  cells,  which  possess  a  slightly  pinkish  hue;  these  are  the  erythroblasts 
or  normoblasts,  from  which  the  red  corpuscles  of  the  adult  are  derived,  and  which 
may  be  regarded  as  descendants  of  the  nucleated  colored  corpuscles  of  the  embryo. 
Oi&nt  cells  (myelaylazes,  osteoclasts),1  large,  multinucleated,  protoplasmic  masses, 
are  also  to  be  found  in  both  sorts  of  adult  marrow,  but  more  particularly  in  red 
marrow,  They  were  believed  by  Kolliker  to  be  concerned  in  the  absorption  of 
bone  matrix,  and  hence  the  name  which  he  gave  to  t hem  —  osteoclasts .  They 
excavate  in  the  bone  small  shallow  pits  or  cavities,  which  are  named  Howship’s 
foveofce,  and  in  these  they  are  found  lying. 


Normoblast  with  dividing  nucleus 


AW/7i/>V<iuO 


Fig.  7U  bone  inarm*  .  .Highly 


Vessels  and  Nerves  of  Bone.— The  bloodvessels  of  bone  are  very  numerous.  Those 
of  the  compact  tissue  are  derived  from  a  close  and  dense  network  of  vessels  ramify¬ 
ing  in  the  periosteum.  From  this  membrane  vessels  pass  into  the  minute  orifices 
in  the  compact  tissue,  and  run  through  the  canals  which  traverse  its  substance. 
The  cancellous  tissue  is  supplied  in  a  similar  way,  but  by  less  numerous  and  larger 
vessels,  which,  perforating  tile  outer  compact  tissue,  are  distributed  to  the  cavities 
of  the  spongy  portion  of  the  bone.  In  the  long  bones,  numerous  apertures  may 
be  seen  at  the  ends  near  the  articular  surfaces;  some  of  these  give  passage  to  the 
arteries  of  the  larger  set  of  vessels  referred  to;  but  the  most  numerous  and  largest 
apertures  are  for  some  of  the  veins  of  the  cancellous  tissue,  which  emerge  apart 
from  the  arteries.  The  marrow  in  the  body  of  a  long  bone  is  supplied  by  one 
large  artery  (or  sometimes  more),  winch  enters  the  bone  at  the  nutrient  foramen 
(situated  in  most  eases  near  the  center  of  the  body),  and  perforates  Obliquely  the 
compact  structure.  The  medulkiry  or  nutrient  artery,  usually  accompanied  by  one 


1  Jordan,  II.  E.,  Am.  Jour.  Ana!.,  1918.  veri.  24. 
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of  wo  veins,  sends-  branches  upward  and  downward,  wldch  rftffitfy  la  tbs  medul¬ 
lary  membrane,  and  gi  ve  "twin's  to  the  adjoining  canals.  The  ramificat  ions  of  this 
mid  anaatonaost:  with  the  arteries  of  the.  CHlieeilou?  mi  e<?&»piwf dieshei},  '  most 
of  tile  Hat,  arnf  in  many  of  the  short  spt*«gy  bones,  one  or  mure  large  apertures  are 
ebserved,  which  transmit  to  the  centra!  patta  uf  the  bone  Vessels.  cyFrespoftding  to 
the  nutrient  arteries  and  veins.  The  veins  emerge foot#  thdfpitll  bones  ht  three 
threes  (Kolliker):  (1)  one  of  twiu  large  veins  Uftahapang  the  artery;  f3)nu??ierte£S 
tape*  and  small  veins  emerge  at  the  articular  extremities;  (E)  many  smalt  veins 
pais  out  of  the  compact  substance.  In  the  flat  cranial  hones  the  veins  are  large, 
very  numerous,  ami  rufijn  turtuous  c« nab  in  the  diploic  tissue,  the  sides  of  the' 
canals  being  formed  by  thin  lamellar  of  bone,  'perforated here.  ami  there  for  the 
passage  of  branches  from  the  adjacent  cafK«Hi.  .The  same  g6ndltfm<  Is  also 
found  in  all  cancellous  tissue,  the- veins;  hiring  enclosed  and  supported  by  osseuga 
material,  ami  having  exceedingly  thiti  djats.  ,\^i^';^%^-w;4!YWei:l-.’the  vessej&E 
remain  patulous,  and  do  not  contract  in  the  canals  in  -which  they  are  contained, 
Lymphatic  vessels,  in  addition  to  those  found  in  the  peribsteutn,  have  been  traced 
by  ('nuksbaok  into  the  substance  of  hope,  and  Klein  describes  tbetn  as  running  in, ; 
the  Haversian  canals.  Nerves  are  distributed  freely  to  tin.  periosteum,  and  a  vom-. 
pan)  the  nutrient  arteries  into  the  interior  of  the  bone.  They  are  said  by  Kolliker 
to  he  most  numerous  in  the  articular  extremities  of  the  long  .bongs,  in  the  vertebra;,. 
mi  in  the  larger  flat  hones. 


Fto.  71- —  <k?ct»pn  tissue  bonfe. 


Minute  Anatomy —A  trau>v^rsro.  rectum  *>i  dense  bone  may  be  rut  with.  a 
an4  ground  dwva  until  it  is- surticicitf  ly  thin. 

If  this  I#e  examined  with  a  rather  Jovv  jibwer  the  bone  will  be  seen  to  lie  mapped 
out  into  a  n.uuj t ?er  of  circular  districts  each  consisting  of  a  mitral  hoh>  .surrounded 
hy  jo  number  of  concentric  rings.  'These  districts  arc  tern icil  Haversian  systems; 
tlie  central  ’hole  is  an  Haversian  canal,  and  the  rings  are  layers  of  bony  tbsoe 
..routed  concentrically  around  the,  central  canal*;  ind  termed  lamella.' 

•  »o i\.  yn  closer  exa.iriiua'tiort  it  will  he;  found  that  between  these  hum*!!:**'  und 
therefore  also  arranged  conceotrieully  around  the  central  cured,  an  a  thuotief  bf 
little  dark  spotis,  the  lacunas,  Md  that  other 

»md  with  the  centra!  Haversian  canal  by  r»;  number  of  fine  dark|bfe.ywbjcb  radiate 
like  the  s]K»kes  of  a  wheel  am!  are  ntHed  c&naHcuii  •  Filling;.* a  the .irregujar  intervals 
which  are  left  between  these  circular  systems’  are  ‘./ther.’laiuellab  v.  ith  th»  d  huunac 
and  cans  lieu  U  running  in  Various  directions,  but  more  or  less  curved.  Mm,  71): 
di«*;  are  termed  interstitial  lamella  -  Again,"  other  iatueila-v  sur  fao? 
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fit  the  bone,  are arranged  parallel  to  its  ei rcumferenet* ;  they  are  termed  circura- 
ferefitial,  or  by  some  author*  primary  or  fuMameiHai  tamelte,  to  distinguish  them 
from  those  laid  down  immud  the  axes  of  the  Haversian  canals,  which  are  then 
ieruit^l  secoudaiy  or  apeclai  taroeH®. 

The  Haversian,  canals,  seen  in  a  transverse  section  of  bone  as  round  holes  ikt  or 
about :-tlie  center of  ;eft£h  system,  tuny  be  d^nitmstrfibed  to  be  true  cmm Is 

if  a  longiutdinal  section  be  made  (Fig,  72)v  it  wili  then  be  seen  that  the  canals 
run  parallel  with  the  longitudinal  axis  of  the  bone]fdc  a  shrift  distance  and  then 
branch  and  communicate,  /'Thjey  vary  considerably  in  sixe,  some  being  as  much  as 
0.12  non.  in  diameter;  the  average  ske  k,  heavier*  about  0.05  mm,.  Near  the 
medullary  cavity  the  canals  are  larger  than  those  near  the  surface  of  the  bone. 
Each  canal  contains  one  or  two  blood  vessels,  wit!  \  «.  sun  til  quantity  of"  delicate 
<vnueeu>>*:  tissue  and  some  nerve  filaments.  In  tbe  jargvr  tmes  there  arc  also 
lymphatic  vessels^  am)  yelk  w  ith  branching  processes  vvlhch  eomtmohcyrxc  through 
the  oiumkrdi,  with  the  branched  processes  of  certain  bone  cells  in  the  substance 
of  the  hm*v..  Those  canals  ne&r  the  surface  of  the  bone  open  upon  it;  by  minute 
orificciiaud  “those  near  tin?  medullary  cavity  open  lit  the  same  %iay  into  this  space* 
so  that  the  M'lude  of  the  bone  is  permeated  by  a  system  of  bloodvessels  running 


T$$e  tamll©  are  thin,  plates  of  bony  tissue 
fchtm|h%  thy  central  canal,  and  may  be  ?om* 
j^red^  for  the  sake  of  ill  titration,  to  a  number 
•of; sheets  of.  paper  pasted  one  over  another 
around  u  <^|trat  fcojfow'  cylinder.  After 
macerating  a  piece  of  bone  in  dilute  mineral 
acid,  these  Jamcfhc  may  be  stripped  off  in  a 
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The  Lacuiw  are  situated  between  the  lamellae,  and  consist  of  a  number  of  oblong 
spaces.  In  an  ordinary  microscopic  section,  viewed  by  transmitted  light,  they 
appear  as  fusiform  opaque  spots.  Each  lacuna  is  occupied  during  life  by  a  branched 
cell,  termed  a  bone-cell  or  bone-corpuscle,  the  processes  from  which  extend  into  the 
canaliculi  (Fig.  74). 

The  Canaliculi  are  exceedingly  minute  channels,  crossing  the  lamellae  and  con¬ 
necting  the  lacunae  with  neighboring  lacunae  and  also  with  the  Haversian  canal. 
From  the  Haversian  canal  a  number  of  canaliculi  are  given  off,  which  radiate  from 
it,  and  open  into  the  first  set  of  lacunae  between  the  first  and  second  lamellae. 
From  these  lacunae  a  second  set  of  canaliculi  is  given  off;  these  run  outward  to  the 
next  series  of  lacunae,  and  so  on  until  the  periphery  of  the  Haversian  system  is 
reached;  here  the  canaliculi  given  off  from  the  last  series  of  lacunae  do  not  communi¬ 
cate  w  ith  the  lacunae  of  neighboring  Haversian  systems,  but  after  passing  outward 
for  a  short  distance  form  loops  and  return  to  their  own  lacunae.  Thus  every 
part  of  an  Haversian  system  is  supplied  with  nutrient  fluids  derived  from  the 
vessels  in  the  Haversian  canal  and  distributed 
through  the  canaliculi  and  lacunae. 

The  bone  cells  are  contained  in  the  lacunae, 
which,  however,  they  do  not  completely  fill. 

They  are  flattened  nucleated  branched  cells, 
homologous  w  ith  those  of  connective  tissue;  the 
branches,  especially  in  young  bones,  pass  into 
the  canaliculi  from  the  lacunae. 

In  thin  plates  of  bone  (as  in  the  wralls  of 
the  spaces  of  cancellous  tissue)  the  Haversian 
canals  are  absent,  and  the  canaliculi  open  into 
the  spaces  of  the  cancellous  tissue  (medullary 
spaces),  which  thus  have  the  same  function  as 
the  Haversian  canals. 

Chemical  Composition. — Bone  consists  of  an 
animal  and  an  earthy  part  intimately  com¬ 
bined  together. 

The  animal  part  may  be  obtained  by  immersing  a  bone  for  a  considerable  time 
in  dilute  mineral  acid,  after  which  process  the  bone  comes  out  exactly  the  same 
shnjx*  as  before,  but  perfectly  flexible,  so  that  a  long  bone  (one  of  the  ribs,  for 
example)  can  easily  be  tied  in  a  knot.  If  now  a  transverse  section  is  made 
(Fig.  To)  the  same  general  arrangement  of  the  Haversian  canals,  lamellae,  lacunae, 
and  canaliculi  is  seen. 

The  earthy  part  may  be  separately  obtained  by  calcination,  by  which  the 
animal  matter  is  completely  burnt  out.  The  bone  will  still  retain  its  original 
form,  but  it  will  be  white  and  brittle,  will  have  lost  about  one-third  of  its  original 
weight,  and  will  crumble  down  with  the  slightest  force.  The  earthy  matter  is 
composed  chiefly  of  calcium  phosphate,  about  58  per  cent,  of  the  weight  of  the 
bone,  calcium  carbonate  about  7  per  cent.,  calcium  fluoride  and  magnesium  phos¬ 
phate  from  1  to  2  per  cent,  each  and  sodium  chloride  less  than  1  per  cent. ;  they  confer 
on  bone  its  hardness  and  rigidity,  while  the  animal  matter  ( ossein )  determines  its 
tenacity. 

Ossification. — Some  bones  are  preceded  by  membrane,  such  as  those  forming 
the  roof  and  sides  of  the  skull;  others,  such  as  the  bones  of  the  limbs,  are  preceded 
by  rods  of  cartilage.  Hence  two  kinds  of  ossification  are  described:  the  intra- 
membranous  and  the  mtracartUaginous. 

Intramembranous  Ossification. — In  the  case  of  bones  w'hich  are  developed 
in  membrane,  no  cartilaginous  mould  precedes  the  appearance  of  the  bony  tissue. 
The  membrane  which  occupies  the  place  of  the  future  bone  is  of  the  nature  of  con¬ 
nective  tissue,  and  ultimately  forms  the  periosteum;  it  is  composed  of  fibers  and 


Fio.  74. — Nucleated  bone  cells  and  their 
processes,  container!  in  the  bone  lacunae  and 
their  canaliculi  respectively.  From  a  section 
through  the  vertebra  of  an  adult  mouse. 
(Klein  and  Noble  Smith.) 
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granular  cells  in  a  matrix.  The  peripheral  portion  is  more  fibrous,  while,  in  the 
interior  the  cells  or  osteoblasts  predominate;  the  whole  tissue  is  richly  supplied  with 
bloodvessels.  At  the  outset  of  the  process  of  bone  formation  a  little  network 
of  spicules  is  noticed  radiating  from  the  point  or  center  of  ossification.  These 


Fio.  75. — Transverse  section  of  body  of  human  fibula,  decalcified.  X  250. 


rays  consist  at  their  growing  points  of  a  network  of  fine  clear  fibers  and  granular 
corpuscles  with  an  intervening  ground  substance  (Fig.  76).  The  fibers  are  termed 
osteogenetic  fibers,  and  are  made  up  of  fine  fibrils  differing  little  from  those  of  white 
fibrous  tissue.  The  membrane  soon  assumes  a  dark  and  granular  appearance  from 
the  deposition  of  calcareous  granules  in  the  fibers  and  in  the  intervening  matrix, 


Fio.  76. — Part  of  the  growing  edge  of  the  developing  parietal  bone  of  a  fetal  cat.  (After  J.  Lawrence.) 


and  in  the  calcified  material  some  of  the  granular  corpuscles  or  osteoblasts  are 
enclosed.  By  the  fusion  of  the  calcareous  granules  the  tissue  again  assumes  a 
more  transparent  appearance,  but  the  fibers  are  no  longer  so  distinctly  seen. 
The  involved  osteoblasts  form  the  corpuscles  of  the  future  bone,  the  spaces  in 
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^hicli  i  hey  are  enclosed  constituting  tlie  lacuriie.  As  the  ost*Qgf?netie  fibers  grow 
fflA  u>  the  periphery  tfirn  oriutMioe  to  ossify,  and  give  rise  to  fresh  fione  spicules. 
Tims  a  network  of  bone  is  {pruned,  the  meshes  of  which  contain  the  bloodvessels 
arid  a  delicate  connective  tissue  crowtlcnj  with  osteoblasts.  The  bony  trabecula; 
ttjcket:  by  die  addition  of  fresh  layers  of  bone  formed  by  the  osteoblasts  on  their 
surface,  and  the  meshes  are  correspondingly  encroached  upon.  Subsequently 
successive  layers  of  bony  tissue  are  deposited  around 

the  larger  vascular  channels  which  become  f  ile  Haversian  canals,  so  that  the  bone 
increases  much  in  thickness. 

IjiTKBCARTI LAOIXO?J»  OsStPK  aTIOS.— Just  before  os:,iliv:u  i«ft  begins  t  he  mass  ts 
entirely  cartilaginous,  and  in  a  long  bone,  which  may  be  taken  as  an  example,  the 
process  isitmocnces  in  the  center  and  proceeds  toward  the  extremities,  which  for 
#wie  tinae ■'remains  cartilaginous.  Subsequently  a  similar  process  commences. iu 
one  or  mute  places  in  those  extremities  and  gradually  'extends,  through  them. 
The  extremities  do  not,  however,  become  joined  to  the  body  of  the  bone  by  bony 
tissue  unt:1  growth  has  ceased;  between  the  body  and  mHier  extremity  a  layer  of 
cartilaginous  tissue  termed  the  epiphysial  cartilage  persists  for  a  definite  period. 

The  first  step  in  the  ossification  of 
the  cartilage  is  that  thy  cartilage  cells, 
at  flic  point  where  ossification  is  com*" 
mericing  and  which  is  termed  ft  center  '  ’ 

at  ossification,  enlarge'  and  arrange 
thwnselvcs  id.  rows  (Fig.  ?7).  The 
/i.atr,:v  in  which  they  ore  imbedded  '>■,}{,' 
itayea. sea  in  quantity,  'i«>  ihatvtho  tvells 
hmimi?.  further  separated  ffoi.tr  each  k>>\ ,  ‘ 
ether:  JA  depositof  calcareous  material. 

«*vk  takes,  place  in  this  rrn*tm,  between 
tls?  rows  of  eellsTfco  that  they^SBXUne 
iqwafeii  from  each  other  by  ton tr i-  ’ 

■  tuc{i«al  cphpnfis  ■  ol ;  c&leified-.  Ufa! fix,  ,t*f  g * 

pfnjentiu’g’a  granular  ami  ypaqiid  ap- 
jvarawcc.  Mere  ■ 

between  tnt@  eelj.s  of  the  same  mW  also 
becomes  <‘tifeifieJ.h  and  tr41river.se  bars 
of  calcified;  ssubshiHee  stretch  aeyoss 
frutn  oim  wsliMtrajUs  CfibumTtp  anqtlicr, 

Thus  there  are  longitudinal  groups  of 

fin:  r'ari.i.!.ige  i^il?  ciiclosed  iit  oblong 

•TurttieS,  die  walls  of  which  are  formed  • 
calcified  matrix  which  ruts  off  all  Ty 
rmintfou  frost  the  {•efls-;  the  e<dk  in  % 

.^hsequeh^yyatimphy^Tcayjdg' Tifstces  W . 

<*IW  tin?  primary  tteeife-  ■  'W^TJ^ 

.  flie  -aniy  time  that  this  process  if  going 
•  oft ’m  the  center  Of  the  solid  bar  of  ear- 
blsge.  certain  'ifltartges; ate-Taking ipkey 
pt  it:  su/tae*.\  Thi.-  is  covered  by <i.  vet  v  |v 
•  iryi dir  n icm I » rune,  the  perichondrium,  .-«?  & 

tfhpdy  .•dm'ilar  fo.the  embryonic  cornice-  /r%m 

uiv.ti^tn;  already  descriU’d  as  rirtistitti- 
t-a,- tf.if  b a.d>’ < a'  membrane  bone.:  on  the  inner  surface  of  this  -  that,  is  to., ay  ..op  the 
.v.iirisi-cio  »>•»«{;< ci  with  the  cartilage-— are  gathered  the  format h  e  ceils,  the osteoblasts, 
by  thv  agency  of  thv.se  veils  a  thin  layer  of  bony  tissue  is  formed  between  t  he  j.vri- 
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jchiAiilriuiii  and  tW  r:nrtilii^et  byytj mode  of  just 

dt^ml>ed«  There  a  re  then;  in this  fir^t  'stfcge  of;  •  ic>s:^i.fl5^»tiy.«n  i  ;;f%vo ;  jJniife^e^ .  gmrf$: 
m  'siinUttune<:v»irtly:‘  in  the  yCtifcik :ffl:  the  the  ton^t.fen-  of  a  :&fl 

*>fcii>iiU*  spites, . formed .of  - matrix. . m4-  eotiteimhg:  tjfe  ’ tf^th  wd  cartilage 
eetby  md  m  the  surface  of  the  cartilage  the  formation  of  a  layer  ot  true  mem¬ 
brane  bone, 

.Tin*  Wood  s ttige  of  the  hitercijrt-tU^etu^tH unification  consist*  in  'the  prolonga¬ 
tion  into  the  cartilage  of  piwesses  of  tlie  deeper  or  osteogenetie  layer  of  the  |>cri- 
dmudrium,  which  has  .now  become  periosteum  [Viz.  77.  ir).  The  process  consist 
of  idpodvessehe  ami  c^lis and  osteoclasts,  or  bone- 
destroyers.  The;  Utter  are  similar  to  the  giant  cells  (myeto^  marrow, 

and  they  excavate  jcisc&ge*  through  the  new -formed  bony  futfvr  hy  ^sorption, 
and  pays  tlinmgli  it.  into  the  ealeifit>i  matrix  Wi&,  7$)\- ; ■; iUMlpr^c-e^es 
nmie  m  contact  with  •the  calcified  walls  of  the  primary  areola*  they  ah^’fh  them, 
and  l  imy  cause  a  fusion  of  ...the  original  cavities  .aval  the  formation  rd  larger  spaces, 
which  areteriu^l  the  secondary  -snsoto  -or  medullary 

become  filled  with  einb^ociie  marrow,  cymsiding  of  t^teoWayts  and  vessel^  dedvisd,. 

in  the  manner  described  above,  from  the 
1  ■  •dsteog^ietic  layer 

y  Thus  far  there  has  he^ft 

tjou  of  enlarged  spaces  (m^rndm'^  nreobK), 
U  a  the  perforated  wftlk  of  ‘  which still  formed; 
.TJ  hy  enlcihed  fattikge  matrix;  canwining  an 
y  y^y  embryonic  narrow  derived  from  the  processes 
yent  in  from  the  osteogenetie  layer  of  the 
perio^tcom,  ova!  courvistiii.g  of  Woo<f vessefy  and 
V'f-  Vily  life  walk  ot  these  wef'$t\&b£v 

ig^7>w.  am>kv  arc  at  rhi*  time  of  only  incousid.ernlile 
b  %  /*\  w  Uuekne^s,  but  they  Weume  thiekeited  %  the 

t>  ?  -  (:M  dept^ititm  i>f  layers .  of:  •  izw  }hw%  m  dtdc  s&K 

.  .vSgg  luce.  Thk  process  takes  place  in  the  .follow- 
ing  manner:  Some  of  the  *st^ohl«&fcVt>f  the 
§v‘  *  ■  embryofiiy  after  tind^rgpihjj '  'rapid 

*.  •  ,Jfi£  division*  arrange  themselves  .&»'  an  epithelioid 
j h'^y.%  layfer .oh  tiU? surface ' of  the  wd)  of  the  Sj&ce 
4  ‘  ■•'•:.■■  :  •  ■  .;T1ds. IrhVCr . . Q^teoblasts  fotrm  a 

bony ' stratum,  atal  thus  the  wall  oi  the  space  . 
'Uy*p«ves;gr?ydua<iy  covered  with  a  jayrf  yt 


wm 
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■  .  ,  -  ’  .^%-v  •  •  KM**  ,  ,  :••  ’  '  :  ; 
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lying  in  a  Howship’s  foveola  at  the  free  end  of  each  spicule.  The  removal  of  the 
primary  spicules  goes  on  pari  passu  with  the  formation  of  permanent  bone  by 
the  periosteum,  and  in  this  way  the  medullary  cavity  of  the  body  of  the  bone  is 
formed. 

This  series  of  changes  has  been  gradually  proceeding  toward  the  end  of  the  body 
of  the  bone,  so  that  in  the  ossifying  bone  all  the  changes  described  above  may 
be  seen  in  different  parts,  from  the  true  bone  at  the  center  of  the  body  to  the  hyaline 
cartilage  at  the  extremities. 

While  the  ossification  of  the  cartilaginous  body  is  extending  toward  the  articular 
ends,  the  cartilage  immediately  in  advance  of  the  osseous  tissue  continues  to  grow 
until  the  length  of  the  adult  bone  is  reached. 

During  the  period  of  growth  the  articular  end,  or  epiphysis,  remains  for  some 
time  entirely  cartilaginous,  then  a  bony  center  appears,  and  initiates  in  it  the 
process  of  intracartilaginous  ossification;  but  this  process  never  extends  to  any 
great  distance.  The  epiphysis  remains  separated  from  the  body  by  a  narrow 
cartilaginous  layer  for  a  definite  time.  This  layer  ultimately  ossifies,  the  distinc¬ 
tion  be  tween  body  and  epiphysis  is  obliterated,  and  the  bone  assumes  its  completed 
form  and  shape.  The  same  remarks  also  apply  to  such  processes  of  bone  as  are 
separately  ossified,  e.  g.y  the  trochanters  of  the  femur.  The  bones  therefore  con¬ 
tinue  to  grow  until  the  body  has  acquired  its  full  stature.  They  increase  in  length 
by  ossification  continuing  to  extend  behind  the  epiphysial  cartilage,  which  goes 
on  growing  in  advance  of  the  ossifying  process.  They  increase  in  circumference 
by  deposition  of  new  bone,  from  the  deeper  layer  of  the  periosteum,  on  their  exter¬ 
nal  surface,  and  at  the  same  time  an  absorption  takes  place  from  within,  by  which 
the  medullary  cavities  are  increased. 

The  permanent  bone  formed  by  the  periosteum  when  first  laid  dow  n  is  cancellous 
in  structure.  Later  the  osteoblasts  contained  in  its  spaces  become  arranged  in 
the  concentric  layers  characteristic  of  the  Haversian  systems,  and  are  included 
as  bone  corpuscles. 

The  number  of  ossific  centers  varies  in  different  bones.  In  most  of  the  short 
bones  ossification  commences  at  a  single  point  near  the  center,  and  proceeds  tow  ard 
the  surface.  In  the  long  bones  there  is  a  central  point  of  ossification  for  the  body 
or  diaphysis:  and  one  or  more  for  each  extremity,  the  epiphysis.  That  for  the 
body  is  the  first  to  appear.  The  times  of  union  of  the  epiphyses  with  the  body 
vary  inversely  with  the  dates  at  which  their  ossifications  began  (writh  the  exception 
of  the  fibula)  and  regulate  the  direction  of  the  nutrient  arteries  of  the  bones.  Thus, 
the  nutrient  arteries  of  the  bones  of  the  arm  and  forearm  are  directed  toward 
the  elbow,  since  the  epiphyses  at  this  joint  become  united  to  the  bodies  before 
those  at  the  opposite  extremities.  In  the  lower  limb,  on  the  other  hand,  the 
nutrient  arteries  are  directed  awray  from  the  knee:  that  is,  upward  in  the  femur, 
downward  in  the  tibia  and  fibula;  and  in  them  it  is  observed  that  the  upper  epiphysis 
of  the  femur,  and  the  lower  epiphyses  of  the  tibia  and  fibula,  unite  first  w  ith  the 
bodies.  Where  there  is  only  one  epiphysis,  the  nutrient  artery  is  directed  tow  ard 
the  other  end  of  the  bone;  as  towrard  the  acromial  end  of  the  clavicle,  towrard  the 
distal  ends  of  the  metacarpal  bone  of  the  thumb  and  the  metatarsal  bone  of  the 
great  toe,  and  toward  the  proximal  ends  of  the  other  metacarpal  and  metatarsal 
bones. 

Parsons1  groups  epiphyses  under  three  headings,  viz.:  (1)  pressure  epiphyses, 
appearing  at  the  articular  ends  of  the  bones  and  transmitting  “the  weight  of  the 
body  from  bone  to  bone;”  (2)  traction  epiphyses,  associated  with  the  insertion 
of  muscles  and  “  originally  sesamoid  structures  though  not  necessarily  sesamoid 
bones;”  and  (3)  atavistic  epiphyses,  representing  parts  of  the  skeleton,  which  at 
one  time  formed  separate  bones,  but  which  have  lost  their  function,  “  and  only 
appear  as  separate  ossifications  in  early  life.” 

1  Jour,  of  Anat.  and  Phys.,  vols.  38,  39,  and  40. 
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THE  VERTEBRAL  COLUMN  (COLUMNA  VERTEBRALIS ;  SPINAL 

COLUMN). 

le  vertebral  column  Is  u  flexuous  and  flexible  column,  formed  of  a  series  of 


The  Vertebras  are  thirty-three  in  number.,  and  are  grouped  under  the  mime* 
tSboracic,  lumbar*  sacral,  and  coccygeal,  according  to  the  regions  they 
beeupy;  there  are  seven  m  the  eervieal  region/  twelve  in  the  thomefo  live  in  the 
lumbar,  five  In  tlie  sacral,  and  four  in  the  poeeygeai . 

T^  iiUMb'er  is  sometimes  increastal  by  an  miditiQbal  vMfcbra  m  tfhe  rlgj£$&7 
or  it  may  he  dmiinahed  iir  oite  region,  the  deficiency  of .ttfU^being. supplied  by  an 
additional  vertebra  I  o  another,  The  «uiiibjer:  of ' cervmai  vertebra  is,  however, 
very  rarely  htem*w*d  or  diminished. 

The  vertebra  m  the  upper  three  regions  of  the;eotup^  remain  distinet  timiugh- 
out  life,  wd  are •  known  -fts-  true  or  movable.  Those  of  the  sacra!  nnd 

eoct^-geal  regions,  on  the  other  hm.A;..  lire  termcgi  faJBo  dr  fixed  .  vertebra:,  rlfce&ufie 
they  are  uviired  with  one  another  in  the  adult  to  form  two  bones— five  forming 
the  upper  bdi^  or  aacnme  anci  foiir  the  terminal  horn  or  coccyx. 

’  With thefmr  and  sernnd  em  iml,  the  true  or  movable  vertebra 
present  certain  common  dm raeterb ties'  which  are  best  studied  by  Examining  one 
from  the  middle  of  the,  thoracic:  region. 


GENERAL  CHARACTERISTICS.  OF  A  VERTEBRA. 

A  typical  vertebra  consists  of  twu  esieut  hil  paite— v'fe-.,  an  anterior  segment,  the 
body,,  tuui:i  |>ost orior  part.*  the  vertebral  .-or-  fieund  arch;  these  enclose  a  foramen, 
the  vertebral  farameu.  The  vertebral  arcli  c*>nsistS  of  a  pair  of  pedicles  and  a  pair 
of  laniin®,  arid  supports  seven  processes -  viz.,  four  articular,  two  transverse,  and 
one  spinous.  •  .  *\‘yl  /  l  *  •  -  -  .-.'i •* .  ?££*,. ‘*y 


Fftfi'rh-  *0 
eerie*  r.u 


^ixK^r r  tine 


y  ihtxapi'r'  f  r0t\i  nbdjr*  -.  - ^ ifdf.V-fy 

When  the  vertebra?  arc  articulated; with  each  other  the  bodies  form  &  strong 
pillar for  thnwupfw^t  vff  fhp.  Iwnd  ‘and  trunk,  nod  the  y&tej  j>r^ 
a  canal  for  the  protection  of  the  meduila  spinalis  (sri)n!/  < on!),  while  between 
every  pair  of  vertebra  .arc  two  apertures,  the  intervertebral  foramina,  one  on 
either  side,  for  the  t:rar»stu.i^si»ni  of  the  spinal  nerves 'and  vessels. 

Body  ffiitibiii*) ^The  .jbwly  h.  ike .  largest,  part  of  a  vertebra,  Md  i> 

n\?vo  or  bos  cylindrical  in  shape.  Its  upper  and  lower  surfaces  are  flattened  and 
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rough.  give  attachment  to. the  iatervertehral  fibrocartilages, abfi.-eai'I'rpreBeutS; 
&  rim  around  its  Ciretl front,  the  fyo&y  fe  ewvez  from  side  to  #3e 
ami  concave  from  ahtwie^ilownw^fd,. '  'Behind^  it  is  flat  from  above  downward 
and  slightly  wneave  from  side.  Its  anterior  surface  presents-  a  few  stnaij 

apertures.  for  the  passage  of  matrient  vessels.; the posterior  surface  a  single 
irregular  aperture,  or  cwaaionalty  more  than  one,  for  the  exit  of  the  basi- 
.-vei.ru  from  *be  body M  the  vertebra. 

Pedicles  vmdkek  <m:i "  teriefarv) , ••••••••The  pedtirles  are  two  *hort,  Ihiek  processes, 

vhfch  protect  backward,  one  on  either  ride*  from  the  upper  mrt  of  the  .body, 
ac  t he  junction  of  its  posterior  and  lateral  sumoes;.  The  ooivciivitie?  above  and 
behytf  the.  fmifrlm-  ®te  named  the  trmehrul and ,  vvhefi  the.  vertebnc  are 
articulated,  the  notches  of  each  eontiguous  pair  of  bones  form  the  intervertebral 
loramina.  already  referred  to. 

Laminaa, -The  lamina*  are  two  broad  plates  directed  backward  and  media  (ward 
from  the  policies.  'They  fuse  in  the  middle  line  posteriorly,  and  so  complete  the 
Interior  boundary  of  the  vertebral  forimieio  Thdr  upper  borders  arid  the  lower 
parts  of  ihdr  iiitmr  surfaces  are  rough  tor  th^Mtaclxrrijent  of*  the  ligamenta 

.Processes..  - CpnwmiJf  $inut>m*),---The  *pmou*  .  process  is 
directed  backward  ami  driwmyard.  fri>*n  the  jviriction  of  'ih^hsa^^^^:  gprvek 
futthe  affftyhmeriiof  ^  :\fy 

kx ticul&r  Proc«s^s.  -*Tiie  articular  processes,  two  supcrk?r  tus*i  two  inferior, 
.spriug  froin  the  juni-tirms  of  the  pedicles  am)  tamhne.  The  superior  project 
upward,  and  their  artyevdar  arirfaefc* :4imMd^ more -.or  •  lass  backward^  thy 
inferior  pnyicift  -und  -©fleets*  more  »>r  le^>  forward.  Tfe 

micular  <u  thief**  .nre  edited  with  hyaline  carrilHge. 

Transveise  Processes  (prekww# .  "fhe  transverse  processes,  two  m 

numkvn  project  one  at  cither  aide  from  the  point  where  the  lamina  joins  the 
pedicle,  bet  ween  the  superior  and  inferior  artiiitfl&f  T^ey  ^ervfe  for 

dit  a x -tael.) merit  of  muscles  and  ligiuueiits. 

Structure  of  ft  Vertebra  ( Kig.  si 


by 

«v  c.to  vo&imic  of  vofttpact  bvmki  tfik  hitter' is  perforated  hy  nimierihi*  .oilier*.  Koine  of  large  sari* 
It/r  f.Dv  p^iev «t  vessel*;  the  interior ul  the  bom-,  is  ira versed  by  we  m  two  jWgk  rannh.  for  the 

or  several  aniall 


Mx^on  of  ;\Wi&  triiirh  conVorge  toward  a  amglo  .largo,  im^uiar.  iitK'Uiirc, 
at  ?hi  posterior  part.  of  tte 
Ytsly.  The  *tei  bw$r  bmete  wf'llie 
.tjm>‘Uooc.  n  feati©  'ire  more  prymoiinCrd 

n  Ijjt  •  perp»a<heufar  to  ihk : upper  J  ‘f&hrm 

xer  *urf  uc^s  and  aw  developed  if 

&  xfpifiAxsr:  to  greater  pre^hre  cit  Ijaa 
<hrf*bijq  (fc  ig.  MK  The  arch  aad  ^ 

.  '•  -  -*•-  fnyn.i  d  Ui> •:  •■•  /  ‘  /.  /  ^ 

:-.v,-orixijrr-s -of  coiopaei:  ti^ue.  HR Jffjm 


The  Cemcai  T©mbrse  >  Verte¬ 
brae  Cervicales  > ,  ;<:  ’  ’ 

The  cervical  vertebra  ilri^ 
ffi;  &re  th^smalllii^t  bJ 

verr^hrise*  'Aiid  .  aHifr  |  I 

tlktiit^iiished  m>ui  thone  of  the  t h^racic  ot  liniifer  region^  Ty  the  presem’e  of  a 
h’ramen  in  each  trhhsiv'fse  process’.  rX  lie  first,  second seventh  present  except 
ti*>ubf  fy^ture$  and  must  be  Separately  deseribcfJ  ;  <bc  foUowing  dih^trri^^  ^re 
-Oijiiui!  r^.t  the  reimiinitui  four.  ; 

Thr  bady  is  and  liroader  from  ride  to  mU'  than  rrrim  before  h^cbncird 

Tl»r  ^Bferfar.  and  posterior  smfaces  are.  flattened  and  of-  e<pmi  denvb  /  >  be  rionuer 


‘Sal/jiHil  ii-otjeo 
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is  placed  on  a  tower;  level  than,  the  latter,  and  its  inferior  Horder  L*  prolonged 
downward,  sc*  as  to  overlap  the  upper  ami  forepart  of  the  vertebra  below.  The 
upper  surface  is  concave  Iran svec-ady,  and  presents  u  projortlug  Up  op  either  side ; 


the  lower  surface  is  t?onvi»ve  from  .before  backward,  convex  from  side  to  side,  and 
presents  laterally  shallow  concavities  which  receive  the  cfem*S[>ondintr  projecting1 
.lips  of  the  subjacent  vertebra.  The  pedicles  aredirected  lateralwatd  and  backw  ard, 
and  are  attached  to  the  body  taidway  between  its  upper  ar»d  lower  borders,  so  that 
the  superior  vertebral  notch  is  as  deep  as  the  inferior,  but  it  is,  at  the  same  time. 


Anterior  fvbcTcfa  of 
tr<i}tivfy&  process 
Foramen 
lmiw>treirium  gd 

XWfrr.w  IvbfTtl? 

iraiuivrstpToaiM 


''TmtiM'mt-  prows* 


&  dp*:n&r  arhcul&r 
.  7 Trow#*  ,  ■•• 

I  nfetiitr  nrlitubir 
prossif 


J  ^//rVuw&i  1kJ\ 


narrower.  The  lamia®  are  namnv,  and  thinner  above  than  below;  the  vertebral 
foramen  i4  WgC,  and  of  a  trial) (pilar  .form.  The  spinous  process  is  short  and  bifid , 
tiie  two  divisions  bring-  often  of  iinrijual  The  superior  and  inferior  articular 

processes  on  either  shk:  are  fused To  form  .an  articular  pillfth,  which  projects  lateral- 
ward  from  the  pjoctioe  of  the . jsfedide .tmd  tonrina.  The  articular  facets  are  flat 
and  (if  An.  oysfl  form  ;  the,  superior  took  backward,  upward,  and;  slightly  media)- 
ward  ;  the  inferior  forward,  downward,  tn*d -slightly  liUeralward.  The  transverse 
processes  ft  re  each  pierced  by  the  foramen  transversariuin,  w  hich,  in  the  upper  Ajjf; 


,-jP 

4 nttruir  h$dttU  of. I 
i'vmwrxt: 

■  v  ■  :  ‘ 


HlUcWi  for  %-f7& 


Vv ,  •;  ri .  • 

tT<mai;ei-$v  :proW^ 
fy“>.  ;fc3»  vBidAryit'w.  of’a.typid.^  t^rjrtrn^-.vK r.^tjeru.; 


vertebra?,  gives  passage  to  .the  'vertebral .  artery  and  vein  and  a  plexus  of  sympa¬ 
thetic  nerves.  Kiieii  process  consists  of  an  anterior  .and -a  posterior  part. ;  TJie 
anterior  ’portion  is  the  hcifniriiJgiky  f?f  thrlrih  iit  the  thoracic?  region,  and  is  there¬ 
fore  named  the  icostal  process  or  costaieiepient:  it  arises  from  the  side  of  the  body, 
is  directed  laternhvuril  in  front  of  the  foramen,  find  ends  in  a  tubercle,  the  anterior 
tubercle,  The  posterior  part,  the  true  transverse  process,  springs  froln  the 
vertebral  arch  behind  JjJie  foramen.  and  js.diriHfed.  forward  and  lateral wtinit  It 
end--  in  n  flattened  vertical  tuhcrcle.  tiic  posterior  tubercle.  These  two  parts 
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are  joined,  outside  the  foramen,  by  a  bar  of  bone  which  exhibits  a  deep  sulcus 
on  its  upper  surface  for  the  passage  of  the  corresponding  spinal  nerve.1 

Rrst  Cervical  Vertebra. — The  first  cervical  vertebra  (Fig.  84)  is  named  the 
atlas  because  it  supports  the  globe  of  the  head.  Its  chief  peculiarity  is  that  it  has 
no  body,  and  this  is  due  to  the  fact  that  the  body  of  the  atlas  has  fused  with  that 
of  the  next  vertebra.  Its  other  peculiarities  are  that  it  has  no  spinous  process, 
is  ring-like,  and  consists  of  an  anterior  and  a  posterior  arch  and  two  lateral  masses. 
The  anterior  arch  forms  about  one-fifth  of  the  ring:  its  anterior  surface  is  convex, 
and  presents  at  its  center  the  anterior  tubercle  for  the  attachment  of  the  Longus 
colli  muscles;  posteriorly  it  is  concave,  and  marked  by  a  smooth,  oval  or  circular 
facet  (fovea  dentis ),  for  articulation  with  the  odontoid  process  (dens)  of  the  axis. 
The  upper  and  lower  borders  respectively  give  attachment  to  the  anterior  atlanto- 
occipital  membrane  and  the  anterior  atlantoaxial  ligament;  the  former  connects 
it  with  the  occipital  bone  above,  and  the  latter  with  the  axis  below.  The  posterior 
arch  forms  about  two-fifths  of  the  circumference  of  the  ring:  it  ends  behind  in  the 
posterior  tubercle,  which  is  the  rudiment  of  a  spinous  process  and  gives  origin  to 
the  Recti  capitis  posteriores  minores.  The  diminutive  size  of  this  process  pre¬ 
vents  any  interference  with  the  movements  between  the  atlas  and  the  skull. 
The  posterior  part  of  the  arch  presents  above  and  behind  a  rounded  edge  for 


Transverse 

process 


Anterior  tubercle 


Outline  of  section  of  odontoid 
process 

Outline  of  section  of  trans¬ 
verse  atlantal  ligament 


Groove  for  vertebral  artery 
and  first  cervical  nerve 


Posterior  tubercle 


Fig.  84.  — First  cervical  vertebra,  or  atlas. 


the  attachment  of  the  posterior  atlantooccipital  membrane,  while  immediately 
behind  each  superior  articular  process  is  a  groove  (sulcus  arteriw  vertebralis), 
sometimes  converted  into  a  foramen  by  a  delicate  bony  spiculum  which  arches 
backward  from  the  posterior  end  of  the  superior  articular  process.  This  groove 
represents  the  superior  vertebral  notch,  and  serves  for  the  transmission  of  the 
vertebral  artery,  which,  after  ascending  through  the  foramen  in  the  transverse 
process,  winds  around  the  lateral  mass  in  a  direction  backward  and  medialward;  it 
also  transmits  the  suboccipital  (first  spinal)  nerve.  On  the  under  surface  of  the 
posterior  arch,  behind  the  articular  facets,  are  two  shallow  grooves,  the  inferior 
vertebral  notches.  The  lower  border  gives  attachment  to  the  posterior  atlanto¬ 
axial  ligament,  which  connects  it  with  the  axis.  The  lateral  masses  are  the  most 
bulky  and  solid  parts  of  the  atlas,  in  order  to  support  the  weight  of  the  head. 
Each  carries  two  articular  facets,  a  superior  and  an  inferior.  The  superior  facets 
are  of  large  size,  oval,  concave,  and  approach  each  other  in  front,  but  diverge 
behind:  they  are  directed  upward,  medialward,  and  a  little  backward,  each  forming 
a  cup  for  the  corresponding  condyle  of  the  occipital  bone,  and  are  admirably 
adapted  to  the  nodding  movements  of  the  head.  Not  infrequently  they  are 

‘The  costal  element  of  a  cervical  vertebra  not  only  includes  the  portion  which  springs  from  the  aide  of  the  body,  but 
tbe anterior  and  posterior  tubercles  and  the  bar  of  bone  which  connects  them  (rig.  61). 
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partially-  subdivided  by  indentations  which,  encroach  upon  their  XB&rguc,.  The 
InfsfSer  #rttc!ikr  facets  are  circular  iri  ferat,  Sftt,tmed  or  slightly  cpovdc  and  directed 
downward  and  raedialwaxd, ^  articulating  with  the  axis,  and '-pcttnif ting ^the  rotatory 
movements  of  the  head.  >I«st  below  the  ftvetlial  margin  t>f  each  stijwriojr  facet  is 
a  small  tubercle,  for  the  attachment  of  the  transverse  atiaT»taf  Jigmaent  which 
stretches  across  the  ring  of  the  atlas  and  diwd.es  the  vcrtiebral  forainen  into  two 
utteqtiaj  ports— the  anterior  ojr.swfftHer  receiving  the  wbmtftid  process  of  the  axis, 
the  posterior  transmitting,  the  roeduliVspmaBs  aud  its  membranes,  This  part 
of  the -vert  ebral  canal  is  of  considerable  size.,  muth  greater  thau»  is  required'  for  the 
accommodation  of  the  medulla  spinalis,  and  hence  lateral  dispjawlfiw.it  of  the 
atlas  may  pecor  without  Cjanptefekitt  of  this  structure;  The  eransvarse  processes 
are  large;  they  project  laterahvard  and  downward  from  the;  lateral  masses,  and 
serve  for  the  attachment:  of  whfgh  assist ;ht  rotating  the.  ■hem!.  They 

are  long,  and  their  rmterior  and  posterior  tUhercitM  are  fttseil  into  .one  mass;  the 
fontiden  transversariiim  is  directed  1'roiu  below,  upward  and  backward, 

Dem 


tfptfiftUx  pnrtms 


Second  Cemcal  Vertebra.  -“The  second  cpry  ovd  vertebra  (  Pig.  jjsd  and  s< >  j  is  named 
the  epistropheus  or  axis  1beea-U.se.it  forms  the  pivot  upon  winch  the  first  vertebra, 
carrying  the  head,  rotates  The  must  distinctive  cdiaraeterbitie  of  this  bone  is 
the  st ron £  odontoid  process,  which  rises  perpendicularly  In »m  the  upper  surface 
tvf  tjie  boily  ^Ji^. •twdy  in  front  tliifitr  dowwani 

anteriorly  so  ns  U*  overlap- the  upper  and  lore  part  of  the-  third  vertebra,  it  pre¬ 
sent*  hi  front  ^  fobgituditol  ridge*  t*Yu  latehd  depressions  for 

the  urtaehnwmt  of  the  Longtik  colli  muscles.  It*  under  surface  b  concave  from 
before-,  backward  And;  covex  from  side  to  safe.  The  dens  or. Odontoid  process  ^xhudjtsi 
a  slight  constriction  or  neck,  where  it  joins  the  body.  On  its  interior  surface 
is  an  oval  or  nearly  circular  .facet  for  articulation  with  that  or*  the  anterior  arch 
of*  the  atlas.  On  the  back  of  the  neck,  and  Frequently  extending  mi  to  its  lateral 
surfaces,  is  a  shallow  groove  for  the  transverve  atlantal  ligament  which  retains 
the  process  in  position.  The  apex  is  pointed,  and  gives  attachment  to  the  apical 
*  m  {<  >tu<  lid  ligament;  below  the  apex  the  process  )*  somewhat  enlarged*  a  o.d.  .pre¬ 
sents  on  either  side  iji  rough  impression  for  the  atbichmeid:  of  die  itlaf  Ugmuem; 
d»esr  ligaments  conm-.ct  V lie  process  to  -the- occipital .hdae,  Tim  internal <inwi  me 
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of  the  odontoid  process  is  more  compact  than  that  of  the  body.  The  pedicles 
are  broad  and  strong,  especially  in  front,  where  they  coalesce  with  the  sides  of 
the  body  and  the  root  of  the  odontoid  process.  They  are  covered  above  by  the 
superior  articular  surfaces.  The  lamina  are  thick  and  strong,  and  the  vertebral 


Odontoid  'process 


Rough  surface  for  alar  ligament . 
Groove  for  transverse  atlantal  ligament . 


Spinous  process 


Articular  facet  for 
anterior  arch  of  atlas 


Body 


Transverse  process 
Inferior  articular  process 


Fig.  86. — Second  cervical  vertebra,  epistropheus,  or  axis,  from  the  side. 


Post,  root 


foramen  large,  but  smaller  than  that  of  the  atlas.  The  transverse  processes  are 
very  small,  and  each  ends  in  a  single  tubercle;  each  is  perforated  by  the  foramen 
transversarium,  which  is  directed  obliquely  upward  and  lateralward.  The  superior 
articular  surfaces  are  round,  slightly  convex,  directed  upward  and  lateralward, 
and  are  supported  on  the  body, 

pedicles,  and  transverse  processes.  B?dv 

The  inferior  articular  surfaces  have 
the  same  direction  as  those  of  the 
other  cervical  vertebrae.  The  supe¬ 
rior  vertebral  notches  are  very  shal¬ 
low,  and  lie  behind  the  articular 
processes;  the  inferior  lie  in  front 
of  the  articular  processes,  as  in  the 
other  cerv  ical  vertebrae.  The  spinous 
process  is  large,  very  strong,  deeply 
channelled  on  its  under  surface, 
and  presents  a  bifid,  tuberculated 
extremity. 

The  Seventh  Cervical  Vertebra 

i  Fig.  87). — The  most  distinctive 
characteristic  of  this  vertebra  is 
the  existence  of  a  long  and  promi¬ 
nent  spinous  process,  hence  the 
name  vertebra  prominens.  This  pro¬ 
cess  Ls  thick,  nearly  horizontal  in 
direction,  not  bifurcated,  but  ter¬ 
minating  in  a  tubercle  to  which  the  lower  end  of  the  ligamentum  nuchse  is 
attached.  The  transverse  processes  are  of  considerable  size,  their  posterior  roots 
are  large  and  prominent,  while  the  anterior  are  small  and  faintly  marked;  the 
upper  surface  of  each  has  usually  a  shallow  sulcus  for  the  eighth  spinal  nerve, 
and  its  extremity  seldom  presents  more  than  a  trace  of  bifurcation.  The  foramen 
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Fig.  87. — Seventh  cervical  vertebra. 
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transversarium  may  be  as  large  as  that  in  the  other  cervical  vertebrae,  but  is 
generally  smaller  on  one  or  both  sides;  occasionally  it  is  double,  sometimes  it  is 
absent.  On  the  left  side  it  occasionally  gives  passage  to  the  vertebral  artery; 
more  frequently  the  vertebral  vein  traverses  it  on  both  sides;  but  the  usual 
arrangement  is  for  both  artery  and  vein  to  pass  in  front  of  the  transverse  pro¬ 
cess,  and  not  through  the  foramen.  Sometimes  the  anterior  root  of  the  trans¬ 
verse  process  attains  a  large  size  and  exists  as  a  separate  bone,  which  is  known 
as  a  cervical  rib. 


The  Thoracic  Vertebrae  (Vertebrae  Thoracales). 

The  thoracic  vertebrae  (Fig.  88)  are  intermediate  in  size  between  those  of 
the  cervical  and  lumbar  regions;  they  increase  in  size  from  above  downward,  the 
upper  vertebrae  being  much  smaller  than  those  in  the  lower  part  of  the  region. 
They  are  distinguished  by  the  presence  of  facets  on  the  sides  of  the  bodies  for 
articulation  with  the  heads  of  the  ribs,  and  facets  on  the  transverse  processes  of 
all,  except  the  eleventh  and  twelfth,  for  articulation  with  the  tubercles  of  the  ribs. 


The  bodies  in  the  middle  of  the  thoracic  region  are  heart-shaped,  and  as  broad 
in  the  antero-posterior  as  in  the  transverse  direction.  At  the  ends  of  the  thoracic 
region  they  resemble  respectively  those  of  the  cervical  and  lumbar  vertebrae. 
They  are  slightly  thicker  behind  than  in  front,  flat  above  and  below  ,  convex  from 
side  to  side  in  front,  deeply  concave  behind,  and  slightly  constricted  laterally 
and  in  front.  They  present,  on  either  side,  two  costal  demi-facets,  one  above, 
near  the  root  of  the  pedicle,  the  other  below,  in  front  of  the  inferior  vertebral 
notch;  these  are  covered  with  cartilage  in  the  fresh  state,  and,  when  the  vertebrae 
are  articulated  with  one  another,  form,  wTith  the  intervening  intervertebral  fibro- 
cartilages,  oval  surfaces  for  the  reception  of  the  heads  of  the  ribs.  The  pedicles 
are  directed  backward  and  slightly  upward,  and  the  inferior  vertebral  notches 
are  of  large  size,  and  deeper  than  in  any  other  region  of  the  vertebral  column. 
The  lamina*  are  broad,  thick,  and  imbricated — that  is  to  say,  they  overlap  those 
of  subjacent  vertebrae  like  tiles  on  a  roof.  The  vertebral  foramen  is  small,  and  of 
a  circular  form.  The  spinous  process  is  long,  triangular  on  coronal  section,  directed 
obliquely  downward,  and  ends  in  a  tuberculated  extremity.  These  processes 
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ov.rlap  from  ehe-  fifth  to  the  eighth,  but  art*  less  oblique  in  direction  above  and 
below .  The-  superior  articular  processes  are  thin  piste*  bt  bone  projecting  upward 
itnio  tire  junctions  of  the  pedicles  and  lamina?;' '..their,  articular  facets  are  practi- 
ntily  flat  and  arc  directed  backward  and  a  little  bi  te  reheard  and  upward.  The 
inferior  articular  processes  are  feed  to  a  considerable  extent  with  the  Janilnte, 


\  c?>4trejacft  above 
"  a  d-vjm-facfj.  below 


Mill 


demi -facet  above 


te  entire  facet 


-  One  entire  fae*i% 

Vo  Jacrtcm  trnnx<  //roc. 
r  which  id  rydirruytori/ 


One  entire.  •  ; 

(Xi*  faction  hrms~ 
.  &.*»<£  p**  r**. 

1'  /  K  a  ft  k\  pr<^w 


r&tivvx  and  tamed 
luterohea/de 


Petni  i  '.,ti  m%?  icy v  dr  tebm. 


and  project  but  slighUy  teyond  thiHr  low^r  fmrders;  their  facets  are  directed 
forward  and  a  little  mediaUwird  and  dfeinvatd.  The  transverse  processes  arise 
from  the  arch  behind  the  superior  articular  processes  and  pedicles;  they  are  thick, 
itreiiu.  arid  of  wtistdcrable  Icfeth,  directed  obliquely  Ijtib&tYard  and  hiteridward, 
and  each  frwd?  ift  a  ♦  jubhcxl  extretnity,  on  the  front  of  which  is  a  small,  concave 
st/rfnc^,  f*:<r  articiihitiuts  with  the  tubercle  «>f  a  rib.  ■ 
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The  fimf.,  ninth,  tenth.  et&Hnifh,  a nd  twelfth  thoracic 
peculiarities,  arid  must  be  specially  considered  (Fig.  0 1) 

The  First  Thoracic  Vertebra  hits.  An  either  side  of  the  body,  an  entire  articular 
facet,  for  the  head  of  the  first  rib,  and  a.  deirshfaret  lor  the  upper  half  of  the  head 
of  fib.  The  body  ia  lilte  that  of  h  cervical  vertebra,  being"  broad  frans- 

versdy*  its  upper  surface  is  concave,  and  lipped  on  either  side..  The  superior 
articular  surfaca*  are  directed  upward  and  backward  Fth^apis^  process  is  thick, 
long,  and  almost  horizontal.  The  transverse  processes  are Jong!  and  the.  upper 
vertebral  hfttyhes  are  .deeper  thaii  those  of  the  jotheritlioradi.c"  vertebra:. 

The  Ninth  Thoracic  Vertebra  may  have  no  demi-hieets  below.;  Ip  some  sub¬ 
jects  however,  ft  has  two  etembfaeets  on  either  hide;  when  tins'  occurs  the  tenth 
has  only  dCT'nbfsveets  at  the  Upper  part. 

The T#^:Tb<«W^'-'if«rt^«ai'bas  (except  in  the  raises  .just  mentioned)  an  entire 
articular  /.net  no  either  side,  which  is  placed  partly  on  the  lateral  surface  of  the 
pedicle. 

In  the  lUeventih  Thpr&cie  Vertebra  the  body  uppr-washes  in  its  form  and  size 
to  ft^-'td.the  hitothif  vertebr^.  The  articular  focefe  for  the,  heads  of  the  ribs 
are  of  large  .sire,  and  placed  chiefly  nil  the  pedicles,  which  are  thicker  and  stronger 
in  this  and  the  next  vertebra  than  in.  any  . other  p»rt  of  the  thtiracie  . region.  The 
spinous  process  is  short,  md  nearly  horizontal  in  direction,  The  Qanmtso  processes 
are  very  4tprt,  tubcreulatcd  at  tjigw  ext^foifies,  and  Ifavp  tip  arttewW  facets. 

The  Twelfth  Thoracic  Vertebra  has  tfse 


ertehrie  present  certain 


.saute  geireral  thtifacten^stfesa^ 
eleventh,  but  May  be  distinguished  from  it  by  its  inferior  art  kb tir  .being 

convey  Iftteffilwavd,  like  those  of  the  lumbar  vertebra*^  by  the  jgeoeral 

form  vi  the  body,  fntumse*  and  .spinous  process,  in.  which  it  resembles  the  lumbar 
vertebra:;  and  'by  cAdi  transverse  process  being  subdivided  Into  three  elevations, 
the  supenor,  inferior,  and  lateral  tubercles:  the  superior  and  ibfotidr  correspond 
to  the  tnammtlihry  iipd  accessory  processes  of  the  lumbar  vertehrte,  Traces  of 
4ff}ikrhfeVfttipns  ate  found  on  the  tninsyem.  prix-tsses  of  the  tenth  and  eleventh 
tbpmcic  vertcbrie. 


tfitpet  i  afi  tfi&fr] 


stee.ri  ftyip  \d>t*  *>4© 


Tbe  Lumbar  Vertebra  f  Liunbai^). 

The  lumbar  vertebrae  ( Figs.  W  nud  Oj)  itr,  the  largest  segfn»>nt$  at  the  movable 
part  of  the  vertebral  eol'uum,  :athvl-  <\iu  he  by ; thy  absence  >vf  :•* 

f oilmen  in  the  traii^v'erse"  .process/  mill  by  the  fibscnefc'nf  fahety  xuy .$he;  /sides  of 
the  body. 

The  bocl#  is  forge.  wider  frnm  wte  U*  sde-thaiv  from  before  ba<  kwardr  tfbd  a 
little  thicker  'in  front  then  'behiw  L  H  h  Ifottaied  or  sjightJy  eowtive  a  hove  and 
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below*  eOneave  behind,  and  deeply  const  rioted  in  front  and  at  the  sides,  The 
pedicles  are  front  the  upper  part  of  the  body; 

consequently,  the  inferior  yertd>rot  retches  are  of  considerable  depth.  The 


Ti-fopyr  i  in  it i>Ha  r 
i;  *«rK)  ► 


y  ‘  'V  tlj)  I  Y%f  fotljrpji  : 


;  n«4  ^‘UW. 

Inning-  are  broad-,  ebon,  and -strong;  the  vertebral  foramen  is  triangular,  larger 
than  in  the  thoracic,  hut.  smaller  tlgui  lit  the  cervical  region.  The  spinous  process 


Km  <«  -  rar.  Uf&ie.  w-eatf-c  (t®*, «***>*'■ 


tl.iok,  broad.  and  someu lost  rpiudrilatera!;  it  projects  backward  and  ends  in 
rough',  uneven  border,  thickest  below  where  it:  is  occasionally  notched.  The 
perior  "arid  inferior  articular  processes  are  \u  11-dHincd.  projecting  respectively 
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upward  and  downward  from  the  junctions  of  pedicles  and  laminae.  The  facets 
on  the  superior  processes  are  concave,  and  look  backward  and  medial  ward;  those 
on  the  inferior  are  convex,  and  are  directed  forward  and  lateralward.  The  former 
are  wider  apart  than  the  latter,  since  in  the  articulated  column  the  inferior  articular 
processes  are  embraced  by  the  superior  processes  of  the  subjacent  vertebra.  The 
transverse  processes  are  long,  slender,  and  horizontal  in  the  upper  three  lumbar 
vertebrae;  they  incline  a  little  upward  in  the  lower  two.  In  the  upper  three  verte¬ 
brae  they  arise  from  the  junctions  of  the  pedicles  and  laminae,  but  in  the  lower 
two  they  are  set  farther  forward  and  spring  from  the  pedicles  and  posterior  parts 
of  the  bodies.  They  are  situated  in  front  of  the  articular  processes  instead  of  behind 
them  as  in  the  thoracic  vertebrae,  and  are  homologous  with  the  ribs.  Of  the  three 
tubercles  noticed  in  connection  with  the  transverse  processes  of  the  lower  thoracic 
vertebrae,  the  superior  one  is  connected  in  the  lumbar  region  with  the  back  part 
of  the  superior  articular  process,  and  is  named  the  mammillary  process;  the  inferior 
is  situated  at  the  back  part  of  the  base  of  the  transverse  process,  and  is  called  the 
accessory  process  (Fig.  91). 

The  Fifth  Lumbar  Vertebra  (Fig.  92)  is  characterized  by  its  body  being  much 
deeper  in  front  than  behind,  which  accords  with  the  prominence  of  the  sacro- 
vertebral  articulation;  by  the  smaller  size  of  its  spinous  process;  by  the  wide  interval 
between  the  inferior  articular  processes;  and  by  the  thickness  of  its  transverse 
processes,  which  spring  from  the  body  as  well  as  from  the  pedicles. 

Variations. — The  last  lumbar  vertebra  is  subject  to  certain  defects  described  as  bifid  and 
separate  neural  arches,  the  latter  occurring  three  times  as  frequently  as  the  former.  Both 
defects  result  in  weakness  of  the  column;  the  bifid  arch  by  impairing  ligamentous  attachments; 
the  separate  arch  through  loss  of  bony  anchorage  of  the  column  to  its  base.1 

The  Sacral  and  Coccygeal  Vertebra. 

The  sacral  and  coccygeal  vertebra  consist  at  an  early  period  of  life  of  nine 
separate  segments  which  are  united  in  the  adult,  so  as  to  form  two  bones,  five 
entering  into  the  formation  of  the  sacrum,  four  into  that  of  the  coccyx.  Some¬ 
times  the  coccyx  consists  of  five  bones;  occasionally  the  number  is  reduced  to  three. 

The  Sacrum  (os  sacrum). — The  sacrum  is  a  large,  triangular  bone,  situated 
in  the  lower  part  of  the  vertebral  column  and  at  the  upper  and  back  part  of  the 
pelvic  cavity,  where  it  is  inserted  like  a  wredge  between  the  twro  hip  bones;  its 
upper  part  or  base  articulates  with  the  last  lumbar  vertebra,  its  apex  wTith  the 
coccyx.  It  is  curved  upon  itself  and  placed  very  obliquely,  its  base  projecting 
forward  and  forming  the  prominent  sacrovertebral  angle  when  articulated  with 
the  last  lumbar  vertebra;  its  central  part  is  projected  backward,  so  as  to  give 
increased  capacity  to  the  pelvic  cavity. 

Pelvic  Surface  ( facies  pelvina). — The  pelvic  surface  (Fig.  93)  is  concave  from 
above  downward,  and  slightly  so  from  side  to  side.  Its  middle  part  is  crossed 
by  four  transverse  ridges,  the  positions  of  which  correspond  with  the  original 
planes  of  separation  between  the  five  segments  of  the  bone.  The  portions  of  bone 
intervening  betw  een  the  ridges  are  the  bodies  of  the  sacral  vertebrae.  The  body 
of  the  first  segment  is  of  large  size,  and  in  form  resembles  that  of  a  lumbar  vertebra; 
the  succeeding  ones  diminish  from  above  downward,  are  flattened  from  before 
backward,  and  curved  so  as  to  accommodate  themselves  to  the  form  of  the  sacrum, 
being  concave  in  front,  convex  behind.  At  the  ends  of  the  ridges  are  seen  the 
anterior  sacral  foramina,  four  in  number  on  either  side,  somewhat  rounded  in  form, 
diminishing  in  size  from  above  downward,  and  directed  lateralward  and  forward; 
they  give  exit  to  the  anterior  divisions  of  the  sacral  nerves  and  entrance  to  the 
lateral  sacral  arteries.  Lateral  to  these  foramina  are  the  lateral  parts  of  the  sacrum, 


1  W'illis,  Am.  Jour.  Anat.,  1023,  vol.  32. 
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each  consisting  of  five  separate  segments  at  an  early  period  of  life;  in  the  adult, 
these  are  blended  with  the  bodies  and  with  each  other.  Each  lateral  part  is  tra¬ 
versed  by  four  broad,  shallow'  grooves,  which  lodge  the  anterior  divisions  of  the 
sacral  nerves,  and  are  separated  by  prominent  ridges  of  bone  which  give  origin 
to  the  Piriformis  muscle. 

If  a  sagittal  section  be  made  through  the  center  of  the  sacrum  (Fig.  97),  the 
bodies  are  seen  to  be  united  at  their  circumferences  by  bone,  wide  intervals  being 
left  centrally,  which,  in  the  fresh  state,  are  filled  by  the  intervertebral  fibro- 
eartilages.  In  some  bones  this  union  is  more  complete  between  the  lowTer  than 
the  upper  segments. 

Dorsal  Surface  (Jacks  dorsalis). — The  dorsal  surface  (Fig.  94)  is  convex  and 
narrower  than  the  pelvic.  In  the  middle  line  it  displays  a  crest,  the  middle  sacral 
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Fig,  93.— Sacrum,  pelvic  eurface. 


crest,  surmounted  by  three  or  four  tubercles,  the  rudimentary  spinous  processes 
of  the  upper  three  or  four  sacral  vertebra?.  On  either  side  of  the  middle  sacral 
crest  is  a  shallow  groove,  the  sacral  groove,  which  gives  origin  to  the  Multifidus, 
the  floor  of  the  groove  being  formed  by  the  united  laminae  of  the  corresponding 
vertebra.  The  lamime  of  the  fifth  sacral  vertebra,  and  sometimes  those  of  the 
fourth,  fail  to  meet  behind,  and  thus  a  hiatus  or  deficiency  occurs  in  the  posterior 
wall  of  the  sacral  canal.  On  the  lateral  aspect  of  the  sacral  groove  is  a  linear 
series  of  tubercles  produced  by  the  fusion  of  the  articular  processes  which  together 
form  the  indistinct  sacral  articular  crests.  The  articular  processes  of  the  first 
sacral  vertebra  are  large  and  oval  in  shape;  their  facets  are  concave  from  side  to 
side,  look  backward  and  medialward,  and  articulate  with  the  facets  on  the  inferior 
processes  of  the  fifth  lumbar  vertebra.  The  tubercles  w  hich  represent  the  inferior 
articular  processes  of  the  fifth  sacral  vertebra  are  prolonged  downward  as  rounded 
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processes,  which  arc  named  the  sacral  cornua,  and  are  connected  to  the  cornua 
of  the  coccyx.  Lateral  to  the  articular  processes  are  the  four  posterior  sacral 
foramina;  they  are  smaller  in  size  and  less  regular  in  form  than  the  anterior,  and 
transmit  the  posterior  divisions  of  the  sacral  nerves.  On  the  lateral  side  of  the 
posterior  sacral  foramina  is  a  series  of  tubercles,  which  represent  the  transverse 
processes  of  the  sacra!  vertebrae  and  form  the  lateral  crests  of  the  sacrum.  The 
transverse  tubercles  of  the  first  sacral  vertebra  are  large  and  very  distinct;  they, 
together  with  the  transverse  tubercles  of  the  second  vertebra,  give  attachment 
to  the  horizontal  parts  of  the  posterior  sacroiliac  ligaments;  those  of  the  third 
vertebra  give  attachment  to  the  oblique  fasciculi  of  the  posterior  sacroiliac  liga¬ 
ments;  and  those  of  the  fourth  and  fifth  to  the  sacrotuberous  ligaments. 
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Lateral  Surface. — The  lateral  surface  is  broad  above,  but  narrowed  into  a  thin 
edge  below.  The  upper  half  presents  in  front  an  ear-shaped  surface,  the  auricular 
surface,  covered  with  cartilage  in  the  fresh  state,  for  articulation  with  the  ilium. 
Behind  it  is  a  rough  surface,  the  sacral  tuberosity,  on  which  are  three  deep 
and  uneven  impressions,  for  the  attachment  of  the  posterior  sacroiliac  ligament. 
The  lower  half  is  thin,  and  ends  in  a  projection  called  the  inferior  lateral  angle; 
medial  to  this  angle  is  a  notch,  which  is  converted  into  a  foramen  by  the  trans¬ 
verse  process  of  the  first  piece  of  the  coccyx,  and  transmits  the  anterior  division  of 
the  fifth  sacral  nerve.  The  thin  lower  half  of  the  lateral  surface  gives  attachment 
to  the  sacrotuberous  and  sacrospinous  ligaments,  to  some  fibers  of  the  Glutieus 
maximus  behind,  and  to  the  Coecygeus  in  front. 

Base  (ba*i#  oss.  sacri). — The  base  of  the  sacrum,  w  hich  is  broad  and  expanded, 
is  directed  upward  and  forward.  In  the  middle  is  a  large  oval  articular  surface, 
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the  upper  surface  of  the  body  of  the  first  sacral  vertebra,  which  is  connected  with 
th*  under  surface  of  the  body  of  the  last  lumbar  vertebra  by  an  intervertebral 
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Fio  95  —Lateral  surfaces  uf  sacrum  and  coccyx. 
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fibrocartilage.  Behind  this  is  the  large  triangular  orifice  of  the  sacral  canal,  which 
is  completed  by  the  laminae  and  spinous  process  of  the  first  sacral  vertebra.  The 
superior  articular  processes  project  from  it  on  either  side;  they  are  oval,  concave, 
directed  backward  and  medialward,  like  the  superior  articular  processes  of  a  lumbar 
vertebra.  They  are  attached  to  the  body  of  the  first  sacral  vertebra  and  to  the 
alae  by  short  thick  pedicles;  on  the  upper  surface  of  each  pedicle  is  a  vertebral 
notch,  which  forms  the  lower  part  of  the  foramen  between  the  last  lumbar  and  first 
sacral  vertebrae.  On  either  side  of  the  body  is  a  large  triangular  surface,  which 
supports  the  Psoas  major  and  the  lumbosacral  trunk,  and  in  the  articulated 
pelvis  is  continuous  with  the  iliac  fossa.  This  is  called  the  ala;  it  is  slightly  concave 


Fiu.  97. — Median  sagittal  section  of  the  sacrum. 


Fio.  98. — Coccyx. 


from  side  to  side,  convex  from  before  backward,  and  gives  attachment  to  a  few 
of  the  fibers  of  the  Uiacus.  The  posterior  fourth  of  the  ala  represents  the  trans¬ 
verse  process,  and  its  anterior  three-fourths  the  costal  process  of  the  first  sacral 
segment. 

Apex  ( apex  oss.  sacri). — The  apex  is  directed  downward,  and  presents  an  oval 
facet  for  articulation  with  the  coccyx. 

Vertebral  Canal  ( canalis  sacralis;  sacral  canal). — The  vertebral  canal  (Fig.  97) 
runs  throughout  the  greater  part  of  the  bone;  above,  it  is  triangular  in  form; 
below,  its  posterior  wall  is  incomplete,  from  the  non-development  of  the  laminae 
and  spinous  processes.  It  lodges  the  sacral  nerves,  and  its  walls  are  perforated  by 
the  anterior  and  posterior  sacral  foramina  through  which  these  nerves  pass  out. 
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Structure. — The  sacrum  consists  of  cancellous  tissue  enveloped  by  a  thin  layer  of  compact  bone. 
Articulations. — The  sacrum  articulates  with  Jour  bones;  the  last  lumbar  vertebra  above,  the 
coccyx  below,  and  the  hip  bone  on  either  side. 

Differences  in  the  Sacrum  of  the  Male  and  Female. — In  the  female  the  sacrum  is  shorter  and 
wider  than  in  the  male;  the  lower  half  forms  a  greater  angle  with  the  upper;  the  upper  half  is 
nearly  straight,  the  lower  half  presenting  the  greatest  amount  of  curvature.  The  bone  is  also 
directed  more  obliquely  backward;  this  increases  the  Bize  of  the  pelvic  cavity  and  renders  the 
sacrovertebral  angle  more  prominent.  In  the  male  the  curvature  is  more  evenly  distributed 
over  the  whole  length  of  the  bone,  and  is  altogether  greater  than  in  the  female. 

Variations. — The  sacrum,  in  some  cases,  consists  of  six  pieces;  occasionally  the  number  is 
reduced  to  four.  The  bodies  of  the  first  and  second  vertebrae  may  fail  to  unite.  Sometimes 
the  uppermost  transverse  tubercles  are  not  joined  to  the  rest  of  the  ala  on  one  or  both  sides, 
or  the  sacral  canal  may  be  open  throughout  a  considerable  part  of  its  length,  in  consequence  of 
the  imperfect  development  of  the  laminae  and  spinous  processes.  The  sacrum,  also,  varies  con¬ 
siderably  with  respect  to  its  degree  of  curvature. 

The  Coccyx  (os  coccygis). — The  coccyx  (Fig.  98)  is  usually  formed  of  four 
rudimentary  vertebrae;  the  number  may  however  be  increased  to  five  or  diminished 
to  three.  In  each  of  the  first  three  segments  may  be  traced  a  rudimentary  body 
and  articular  and  transverse  processes;  the  last  piece  (sometimes  the  third)  is  a 
mere  nodule  of  bone.  All  the  segments  are  destitute  of  pedicles,  laminae,  and 
spinous  processes.  The  first  is  the  largest;  it  resembles  the  lowest  sacral  vertebra, 
and  often  exists  as  a  separate  piece;  the  last  three  diminish  in  size  from  above 
downward,  and  are  usually  fused  w  ith  one  another. 

Surfaces. — The  anterior  surface  is  slightly  concave,  and  marked  with  three  trans¬ 
verse  grooves  which  indicate  the  junctions  of  the  different  segments.  It  gives 
attachment  to  the  anterior  sacrococcygeal  ligament  and  the  Levatores  ani,  and 
supports  part  of  the  rectum.  The  posterior  surface  is  convex,  marked  by  transverse 
grooves  similar  to  those  on  the  anterior  surface,  and  presents  on  either  side  a  linear 
row  of  tubercles,  the  rudimentary  articular  processes  of  the  coccygeal  vertebrae. 
Of  these,  the  superior  pair  are  large,  and  are  called  the  coccygeal  cornua;  they 
project  upward,  and  articulate  wTith  the  cornua  of  the  sacrum,  and  on  either  side 
complete  the  foramen  for  the  transmission  of  the  posterior  division  of  the  fifth 
sacral  nerve. 

Borders. — The  lateral  borders  are  thin,  and  exhibit  a  series  of  small  eminences, 
which  represent  the  transverse  processes  of  the  coccygeal  vertebrae.  Of  these, 
the  first  is  the  largest;  it  is  flattened  from  before  backward,  and  often  ascends 
to  join  the  low  er  part  of  the  thin  lateral  edge  of  the  sacrum,  thus  completing  the 
foramen  for  the  transmission  of  the  anterior  division  of  the  fifth  sacral  nerve; 
the  others  diminish  in  size  from  above  downward,  and  are  often  wanting.  The 
Orders  of  the  coccyx  are  narrow,  and  give  attachment  on  either  side  to  the  sacro- 
tuberous  and  sacrospinous  ligaments,  to  the  Coccygeus  in  front  of  the  ligaments, 
and  to  the  Gluteus  maximus  behind  them 

Base. — The  base  presents  an  oval  surface  for  articulation  with  the  sacrum. 

Apex. — The  apex  is  rounded,  and  has  attached  to  it  the  tendon  of  the  Sphincter 
ani  externus.  It  may  be  bifid,  and  is  sometimes  deflected  to  one  or  other  side. 

Ossification  of  the  Vertebral  Column.— Each  cartilaginous  vertebra  isossified  from  three  primary 
centers  (Fig.  99),  two  for  the  vertebral  arch  and  one  for  the  body.1  Ossification  of  the  vertebral 
arches  begins  in  the  upper  cervical  vertebra  about  the  seventh  or  eighth  week  of  fetal  life,  and  grad¬ 
ually  extends  down  the  column.  The  ossific  granules  first  appear  in  the  situations  where  the  trans¬ 
verse  processes  afterward  project,  and  spread  backward  to  the  spinous  process  forward  into  the 
pedicles, and  lateralward  into  the  transverse  and  articular  processes.  Ossification  of  thebodies  begins 
about  the  eighth  week  in  the  lower  thoracic  region,  and  subsequently  extends  upward  and  down¬ 
ward  along  the  column.  The  center  for  the  body  does  not  give  rise  to  the  whole  of  the  body  of 
the  adult  vertebra,  the  postero-lateral  portions  of  which  are  ossified  by  extensions  from  the  verte¬ 
bral  arch  centers.  The  body  of  the  vertebra  during  the  first  few  years  of  life  shows,  therefore, 

*  A  vertebra  is  occasionally  found  in  which  the  body  consists  of  two  lateral  portions — a  condition  which  proves  that 
tb*  body  w  sometimes  ossified  from  two  primary  centers,  one  on  either  side  of  the  middle  line. 
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About  the  sixteenth  year  (Fig.  100),  five  secondary  centers  appear,  one  for  the  tip  of  each  transverse 
process,  one  for  the  extremity  of  the  spinous  process,  one  for  the  upper  and  one  for  the  lower 
surface  of  the  body  (Fig.  101).  These  fuse  with  the  rest  of  the  bone  about  the  age  of  twenty-five. 

Exceptions  to  this  mode  of  development  occur  in  the  first,  second,  and  seventh  cervical  verte¬ 
brae,  and  in  the  lumbar  vertebrae. 

Atlas. — The  atlas  is  usually  ossified  from  three  centers  (Fig.  102).  Of  these,  one  appears  in 
each  lateral  mass  about  the  seventh  week  of  fetal  life,  and  extends  backward;  at  birth,  these 
portions  of  bone  are  separated  from  one  another  behind  by  a  narrow  interval  filled  with  cartilage. 
Between  the  third  and  fourth  years  they  unite  either  directly  or  through  the  medium  of  a  separate 
center  developed  in  the  cartilage.  At  birth,  the  anterior  arch  consists  of  cartilage;  in  this  a 
separate  center  appears  about  the  end  of  the  first  year  after  birth,  and  joins  the  lateral  masses 
from  the  sixth  to  the  eighth  year — the  lines  of  union  extending  across  the  anterior  portions  of 
the  superior  articular  facets.  Occasionally  there  is  no  separate  center,  the  anterior  arch  being 
formed  by  the  forward  extension  and  ultimate  junction  of  the  two  lateral  masses;  sometimes 
this  arch  is  ossified  from  two  centers,  one  on  either  side  of  the  middle  line. 

Epistropheus  or  Axis. — The  axis  is  ossified  from  five  primary  and  two  secondary  centers  (Fig. 
103).  The  body  and  vertebral  arch  are  ossified  in  the  same  manner  as  the  corresponding  parts 
in  the  other  vertebrae,  viz.,  one  center  for  the  body,  and  two  for  the  vertebral  arch.  The  centers 
for  the  arch  appear  about  the  seventh  or  eighth  week  of  fetal  life,  that  for  the  body  about  the 
fourth  or  fifth  month.  The  dens  or  odontoid  process  consists  originally  of  a  continuation  upward 
of  the  cartilaginous  mass,  in  which  the  lower  part  of  the  body  is  formed.  About  the  sixth  month 
of  fetal  life,  two  centers  make  their  appearance  in  the  base  of  this  process:  they  are  placed 
laterally,  and  join  before  birth  to  form  a  conical  bilobed  mass  deeply  cleft  above;  the  interval 
between  the  sides  of  the  cleft  and  the  summit  of  the  process  is  formed  by  a  wedge-shaped  piece 
of  cartilage.  The  base  of  the  process  is  separated  from  the  body  by  a  cartilaginous  disk,  which 
gradually  becomes  ossified  at  its  circumference,  but  remains  cartilaginous  in  its  center  until 
advanced  age.  In  this  cartilage,  rudiments  of  the  lower  epiphysial  lamella  of  the  atlas  and 
the  upper  epiphysial  lamella  of  the  axis  may  sometimes  be  found.  The  apex  of  the  odontoid 
process  has  a  separate  center  which  appears  in  the  second  and  joins  about  the  twelfth  year;  this 
is  the  upper  epiphysial  lamella  of  the  atlas.  In  addition  to  these  there  is  a  secondary  center  for 
a  thin  epiphysial  plate  on  the  under  surface  of  the  body  of  the  bone. 

The  Seventh  Cervical  Vertebra. — The  anterior  or  costal  part  of  the  transverse  process  of  this 
vertebra  is  sometimes  ossified  from  a  separate  center  which  appears  about  the  sixth  month  of 
fetal  life,  and  joins  the  body  and  posterior  part  of  the  transverse  process  between  the  fifth  and 
sixth  years.  Occasionally  the  costal  part  persists  as  a  separate  piece,  and,  becoming  lengthened 
lateraiward  and  forward,  constitutes  what  is  known  as  a  cervical  rib.  Separate  ossific  centers 
have  also  been  found  in  the  costal  processes  of  the  fourth,  fifth,  and  sixth  cervical  vertebrae. 

Lumbar  Vertebra. — The  lumbar  vertebrae  (Fig.  104)  have  each  two  additional  centers,  for 
the  mammillary  processes.  The  transverse  process  of  the  first  lumbar  is  sometimes  developed  as 
a  separate  piece,  which  may  remain  permanently  ununited  with  the  rest  of  the  bone,  thus  form¬ 
ing  a  lumbar  rib — a  peculiarity,  however, 
rarely  met  with. 

Sacrum  (Figs.  105  to  108). — The  body 
of  each  sacral  vertebra  is  ossified  from  a 
primary  center  and  two  epiphysial  plates, 
one  for  its  upper  and  another  for  its  under 
surface,  while  each  vertebral  arch  is  ossi¬ 
fied  from  two  centers. 

The  anterior  portions  of  the  lateral  parts 
have  six  additional  centers,  two  for  each 
of  the  first  three  vertebrae;  these  represent 
the  costal  elements,  and  make  their  ap- 
pcarance  above  and  lateral  to  the  anterior 
sacral  foramina  (Figs.  105,  106). 

On  each  lateral  surface  two  epiphysial  plates  are  developed  (Figs.  107,  108) :  one  for  the  auric¬ 
ular  surface,  and  another  for  the  remaining  part  of  the  thin  lateral  edge  of  the  bone.1 

Pekiods  of  Ossification. — About  the  eighth  or  ninth  week  of  fetal  life,  ossification  of  the 
central  part  of  the  body  of  the  first  sacral  vertebra  commences,  and  is  rapidly  followed  by  deposit 
of  ossific  matter  in  the  second  and  third;  ossification  does  not  commence  in  the  bodies  of  the 
ower  two  segments  until  between  the  fifth  and  eighth  months  of  fetal  life.  Between  the  sixth 
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1  The  end.*  of  the  spinous  processes  of  the  upper  three  sacral  vertebra)  are  sometimes  developed  from  separate 
epiphyses,  and  Fawcett  (Anatomischer  Anseiger,  1907,  Band  30)  states  that  a  number  of  epiphysial  nodules  may  be 
sea  in  the  sacrum  at  the  age  of  eighteen  years.  These  are  distributed  as  follows:  One  for  each  of  the  mammillary  pro 
eesse*  of  the  fir-t  sacral  vertebra:  twelve — six  on  either  side — in  connection  with  the  costal  elements  (two  each  for  the  first 
xai  second  an:l  one  each  for  the  third  and  fourth)  and  eight  for  the  transverse  processes— four  on  either  side— one  each 
:V  the  fir-t.  third,  fourth,  and  fifth.  He  is  further  of  opinion  that  the  lower  part  of  each  lateral  surface  of  the  sacrum 
h former!  by  the  extension  and  union  of  the  third  and  fourth  “costal”  and  fourth  and  fifth  "transverse”  epiphyses. 
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and  eighth  months  ossification  of  the  vertebral  arches  takes  place;  and  about  the  same  t  ime  the 
costal  centers  for  the  lateral  parts  make  their  appearance.  The  junctions  of  the  vertebral 
arches  with  the  bodies  take  place  in  the  lower  vertebrae  as  early  as  the  second  year,  but  are  not 
effected  in  the  uppermost  until  the  fifth  or  sixth  year.  About  the  sixteenth  year  the  epiphysial 
plates  for  the  upper  and  under  surfaces  of  the  bodies  are  formed;  and  between  the  eighteenth  and 
twentieth  years,  those  for  the  lateral  surfaces  make  their  appearance.  The  bodies  of  the  sacral 
vertebrae  are,  during  early  life,  separated  from  each  other  by  intervertebral  fibrocartilages,  but 
about  the  eighteenth  year  the  two  lowest  segments  become  united  by  bone,  and  the  process  of 
bony  union  gradually  extends  upward,  with  the  result  that  between  the  twenty-fifth  and  thirtieth 
years  of  life  all  the  segments  arc  united.  On  examining  a  sagittal  section  of  the  sacrum,  the  situa¬ 
tions  of  the  intervertebral  fibrocartilages  are  indicated  by  a  series  of  oval  cavities  (Fig.  97). 

Coccyx. — The  coccyx  is  ossified  from  four  centers,  one  for  each  segment.  The  ossific  nuclei 
make  their  appearance  in  the  following  order:  in  the  first  segment  between  the  first  and  fourth 
years;  in  the  second  between  the  fifth  and  tenth  years;  in  the  third  between  the  tenth  and  fifteenth 
years;  in  the  fourth  between  the  fourteenth  and  twentieth  years.  As  age  advances,  the  segments 
unite  with  one  another,  the  union  between  the  first  and  second  segments  being  frequently  delayed 
until  after  the  age  of  twenty-five  or  thirty.  At  a  late  period  of  life,  especially  in  females,  the  coccyx 
often  fuses  with  the  sacrum. 

THE  VERTEBRAL  COLUMN  AS  A  WHOLE. 

The  vertebral  column  is  situated  in  the  median  line,  as  the  posterior  part  of  the 
trunk;  its  average  length  in  the  male  is  about  71  cm.  Of  this  length  the  cervical 
part  measures  12.5  cm.,  the  thoracic  about  28  cm.,  the  lumbar  18  cm.,  and  the 
sacrum  and  coccyx  12.5  cm.  The  female  column  is  about  61  cm.  in  length. 

Curves. — Viewed  laterally  (Fig.  109),  the  vertebral  column  presents  several 
curves,  which  correspond  to  the  different  regions  of  the  column,  and  are  called 
cervical,  thoracic,  lumbar,  and  pelvic.  The  cervical  curve,  convex  forward,  begins 
at  the  apex  of  the  odontoid  process,  and  ends  at  the  middle  of  the  second  thoracic 
vertebra;  it  is  the  least  marked  of  all  the  curves.  The  thoracic  curve,  concave  for¬ 
ward,  begins  at  the  middle  of  the  second  and  ends  at  the  middle  of  the  twelfth 
thoracic  vertebra.  Its  most  prominent  point  behind  corresponds  to  the  spinous 
process  of  the  seventh  thoracic  vertebra.  The  lumbar  curve  is  more  marked  in 
the  female  than  in  the  male;  it  begins  at  the  middle  of  the  last  thoracic  vertebra, 
and  ends  at  the  sacrovertebral  angle.  It  is  convex  anteriorly,  the  convexity  of 
the  lower  three  vertebrae  being  much  greater  than  that  of  the  upper  two.  The 
pelvic  curve  begins  at  the  sacrovertebral  articulation,  and  ends  at  the  point  of  the 
coccyx;  its  concavity  is  directed  downward  and  forward.  The  thoracic  and  pelvic 
curves  are  termed  primary  curves,  because  they  alone  are  present  during  fetal  life. 
The  cervical  and  lumbar  curves  are  compensatory  or  secondary,  and  are  developed 
after  birth,  the  former  when  the  child  is  able  to  hold  up  its  head  (at  three  or  four 
months),  and  to  sit  upright  (at  nine  months),  the  latter  at  twelve  or  eighteen 
months,  when  the  child  begins  to  walk. 

The  vertebral  column  has  also  a  slight  lateral  curvature,  the  convexity  of  which 
is  directed  toward  the  right  side.  This  may  be  produced  by  muscular  action, 
most  persons  using  the  right  arm  in  preference  to  the  left,  especially  in  making 
long-continued  efforts,  when  the  body  is  curved  to  the  right  side.  In  support  of 
this  explanation  it  has  been  found  that  in  one  or  twTo  individuals  w*ho  w  ere  left- 
handed,  the  convexity  w  as  to  the  left  side.  By  others  this  curvature  is  regarded  as 
being  produced  by  the  aortic  arch  and  upper  part  of  the  descending  thoracic 
aorta — a  view  which  is  supported  by  the  fact  that  in  cases  w  here  the  viscera  are 
transposed  and  the  aorta  is  on  the  right  side,  the  convexity  of  the  curve  is 
directed  to  the  left  side. 

Surfaces. — Anterior  Surface. — When  view  ed  from  in  front,  the  width  of  the  bodies 
of  the  vertebrae  is  seen  to  increase  from  the  second  cervical  to  the  first  thoracic; 
there  is  then  a  slight  diminution  in  the  next  three  vertebrae;  belowr  this  there 
is  again  a  gradual  and  progressive  increase  in  wTidth  as  low  as  the  sacrovertebral 
angle.  From  this  point  there  is  a  rapid  diminution,  to  the  apex  of  the  coccyx. 
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Posterior  Surface. — The  posterior  surface 
of  the  vertebral  column  presents  in  the 
median  line  the  spinous  processes.  In  the 
cervical  region  (with  the  exception  of  the 
second  and  seventh  vertebrae)  these  are 
short  and  horizontal,  with  bifid  extremities. 
In  the  upper  part  of  the  thoracic  region 
they  are  directed  obliquely  downward;  in 
the  middle  they  are  almost  vertical,  and  in 
the  lower  part  they  are  nearly  horizontal. 
In  the  lumbar  region  they  are  nearly  hori¬ 
zontal  .  The  spinous  processes  are  separated 
by  considerable  intervals  in  the  lumbar 
region,  by  narrower  intervals  in  the  neck, 
and  are  closely  approximated  in  the  middle 
of  the  thoracic  region.  Occasionally  one  of 
these  processes  deviates  a  little  from  the 
median  line — a  fact  to  be  remembered  in 
practice,  as  irregularities  of  this  sort  are 
attendant  also  on  fractures  or  displacements 
of  the  vertebral  column.  On  either  side  of 
the  spinous  processes  is  the  vertebral  groove 
formed  by  the  laminae  in  the  cervical  and 
lumbar  regions,  where  it  is  shallow,  and  by 
the  laminae  and  transverse  processes  in  the 
thoracic  region,  where  it  is  deep  and  broad; 
these  grooves  lodge  the  deep  muscles  of  the 
back.  Lateral  to  the  vertebral  grooves  are 
the  articular  processes,  and  still  more  later¬ 
ally  the  transverse  processes.  In  the  tho¬ 
racic  region,  the  transverse  processes  stand 
backward,  on  a  plane  considerably  behind 
that  of  the  same  processes  in  the  cervical 
and  lumbar  regions.  In  the  cervical  region, 
the  transverse  processes  are  placed  in  front 
of  the  articular  processes,  lateral  to  the 
pedicles  and  between  the  intervertebral 
foramina.  In  the  thoracic  region  they  are 
posterior  to  the  pedicles,  intervertebral 
foramina,  and  articular  processes.  In  the 
lumbar  region  they  are  in  front  of  the 
articular  processes,  but  behind  the  inter¬ 
vertebral  foramina. 

Literal  Surfaces. — The  lateral  surfaces  are 
separated  from  the  posterior  surface  by  the 
articular  processes  in  the  cervical  and  lum¬ 
bar  regions,  and  by  the  transverse  processes 
in  the  thoracic  region.  They  present,  in 
front,  the  sides  of  the  bodies  of  the  verte¬ 
brae,  marked  in  the  thoracic  region  by  the 
facets  for  articulation  with  the  heads  of 
the  ribs.  More  posteriorly  are  the  inter¬ 
vertebral  foramina,  formed  by  the  juxta¬ 
position  of  the  vertebral  notches,  oval  in 
s 


Fio.  109.. — Lateral  view  of  the  vertebral  column. 


THE  THORAX 


It  is  conical  in  sliape,  being  narrow  above  and  broad  below,  flattened  from  before 
backward,  and  longer  behind  than  in  front.  It  is  somewhat  reniform  on  trans¬ 
verse  section  on  account  of  the  projection  of  the  vertebral  bodies  into  the  cavity. 


Ft  rtf  t  foyrncic 
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Fio.  111. — The  1  borax  from  behind.  (SpRltehol*.) 


Boundaries.— The  posterior  surface  is  formed  by  the  twelve  thoracic  vertebra 
and  the  posterior  parts  of  the  ribs.  It  is  convex  from  above  downward,  and  pre¬ 
sents  on  either  side  of  the  middle?  line  a  deep  groove,  in  consequence  of  the  lateral 
and  backward  direction  which  the  ribs  take  from  their  vertebral  extremities  to 
their  angles.  The  anterior  surface,  formed  by  the  sternum  and  costal  cartilages, 
is  flattened  or  slightly  convex,  and  inclined  from  above  downward  and  forward. 
The  lateral  surfaces  are  convex;  they  are  formed  by  the  ribs,  separated  from 
each  other  by  the  intercostal  spaces,  eleven  in  number,  which  arc  occupied  by 
the  Intercostal  muscles  and  membranes. 

TV*  upper  opening  of  the  thorax  is  reniform  in  shape,  being  broader  from  side 
to  side  than  from  before  backward.  It  is  formed  by  the  first  thoracic  vertebra 
behind,  the  upper  margin  of  the  sternum  in  front,  and  the  first  rib  on  either  side.- 
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It  slopes  downward  and  forward,  so  that  the  anterior  part  of  the  opening  is  on  a 
lower  level  than  the  posterior.  Its  antero-posterior  diameter  is  about  5  cm.,  and 
its  transverse  diameter  about  10  cm.  The  lower  opening  is  formed  by  the  twelfth 
thoracic  vertebra  behind,  by  the  eleventh  and  twelfth  ribs  at  the  sides,  and  in  front 
by  the  cartilages  of  the  tenth,  ninth,  eighth,  and  seventh  ribs,  which  ascend  on 
either  side  and  form  an  angle,  the  subcostal  angle,  into  the  apex  of  which  the 
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Fjg.  112. — The  thorax  front  t ho  right.  (Sp,iHehol«.) 


xiphoid  process  projects.  The  lower  opening  is  wider  transversely  than  from 
before  back  ward,  and  slopes  obliquely  downward  and  backward,  it  is  closed  by 
the  diaphragm  which  forms  the  floor  of  the  thorax. 


The  thorax  of  the  female  differs  from  that  of  the  male  as  follows:  I.  Its  capacity  is  less.  2. 
The  sternum  is  shorter.  3.  The  upper  margin  of  the  sternum  is  on  a  level  with  the  lower  part 
of  the  body  of  the  third  thoracic  vertebra,  whereas  in  the  male  it  is  on  a  level  with  the  lower 
part  of  the  body  of  the  second.  4.  The  upper  ribs  are  more  movable,  and  so  allow  a  greater 
enlargement  of  the  upper  part  of  the  thorax. 


THE  STERNUM 


The  Sternum  (Breast  Bone). 

The  sternum  (Figs.  113  to  115)  is  an  elongated,  flattened  hone,  forming  the 
middle  portion  of  the  anterior  wall  of  the  thorax.  Its  upper  end  supports  the 
davieles,  and  its  margins  articulate  with  the  cartilages  of  the  first  seven  pairs 
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Flu.  11  if. —Anterior  surface*  of  sternum  and  ceitfl  curt lUges. 


of  ribs.  It  consists  of  three  parts,  named  from  above  downward,  the  manubrium, 
the  body  or  gladiolus,  and  the  xiphoid  process;  in  early  life  the  body  consists  of  four 
segments  or  stemebrce.  In  its  natural  position  the  inclination  of  the  bone  is  oblique 
from  above,  downward  and  forward.  It  is  slightly  convex  in  front  and  concave 


118 


OSTEOLOGY 


behind;  broad  above,  becoming  narrowed  at  the  point  where  the  manubrium  joins 
the  body,  after  which  it  again  widens  a  little  to  below  the  middle  of  the  body, 
and  then  narrows  to  its  lower  extremity.  Its  average  length  in  the  adult  is  about 
17  cm.,  and  is  rather  greater  in  the  male  than  in  the  female. 

Manubrium  (* manubrium  stemi). — The  manubrium  is  of  a  somewhat  quad¬ 
rangular  form,  broad  and  thick  above,  narrow  below  at  its  junction  with  the  body. 

Surfaces. — Its  anterior  surface,  convex  from  side  to  side,  concave  from  above 
downward,  is  smooth,  and  affords  attachment  on  either  side  to  the  sternal 
origins  of  the  Pectoralis  major  and  Sternocleidomastoideus.  Sometimes  the 
ridges  limiting  the  attachments  of  these  muscles  are  very  distinct.  Its  posterior 
surface,  concave  and  smooth,  affords  attachment  on  either  side  to  the  Sterno- 
hyoideus  and  Sternothyreoideus. 
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Fig.  115.— Lateral  border  of  sternum. 


Borders. — The  superior  border  is  the  thickest  and  presents  at  its  center  the  jugular 
or  prestem&l  notch;  on  either  side  of  the  notch  is  an  oval  articular  surface,  directed 
upward,  backward,  and  lateralward,  for  articulation  with  the  sternal  end  of  the 
clavicle.  The  inferior  border,  oval  and  rough,  is  covered  in  a  fresh  state  with  a 
thin  layer  of  cartilage,  for  articulation  with  the  body.  The  lateral  borders  are  each 
marked  above  by  a  depression  for  the  first  costal  cartilage,  and  below  by  a  small 
facet,  which,  with  a  similar  facet  on  the  upper  angle  of  the  body,  forms  a  notch 
for  the  reception  of  the  costal  cartilage  of  the  second  rib.  Between  the  depression 
for  the  first  costal  cartilage  and  the  demi-facet  for  the  second  is  a  narrow,  curved 
edge,  which  slopes  from  above  downward  and  medialward. 

Body  (corpus  stemi ;  gladiolus). — The  body,  considerably  longer,  narrower,  and 
thinner  than  the  manubrium,  attains  its  greatest  breadth  close  to  the  lower  end. 

Surfaces. — Its  anterior  surface  is  nearly  flat,  directed  upward  and  forward, 
and  marked  by  three  transverse  ridges  which  cross  the  bone  opposite  the  third, 
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fourth,  and  fifth  articular  depressions.1  It  affords  attachment  on  either  side  to 
the  sternal  origin  of  the  Pectoralis  major.  At  the  junction  of  the  third  and  fourth 
pieces  of  the  body  is  occasionally  seen  an  orifice,  the  sternal  foramen,  of  varying 
size  and  form.  The  posterior  surface,  slightly  concave,  is  also  marked  by  three 
transverse  lines,  less  distinct,  however,  than  those  in  front;  from  its  lower  part, 
on  either  side,  the  Transversus  thoracis  takes  origin. 

Borders. — The  superior  border  is  oval  and  articulates  with  the  manubrium,  the 
junction  of  the  two  forming  the  sternal  angle  {angulus  Ludovici2) .  The  inferior 
border  is  narrow,  and  articulates  with  the  xiphoid  process.  Each  lateral  border 
(Fig.  113),  at  its  superior  angle,  has  a  small  facet,  which  with  a  similar  facet  on 
the  manubrium,  forms  a  cavity  for  the  cartilage  of  the  second  rib;  below  this 
are  four  angular  depressions  which  receive  the  cartilages  of  the  third,  fourth, 
fifth,  and  sixth  ribs,  while  the  inferior  angle  has  a  small  facet,  which,  with  a  cor¬ 
responding  one  on  the  xiphoid  process,  forms  a  notch  for  the  cartilage  of  the  seventh 
rib.  These  articular  depressions  afe  separated  by  a  series  of  curved  interarticular 
intervals,  which  diminish  in  length  from  above  downward,  and  correspond  to 
the  intercostal  spaces.  Most  of  the  cartilages  belonging  to  the  true  ribs,  as  will 
be  seen  from  the  foregoing  description,  articulate  with  the  sternum  at  the  lines 
of  junction  of  its  primitive  component  segments.  This  is  well  seen  in  many  of 
the  lower  animals,  where  the  parts  of  the  bone  remain  ununited  longer  than  in 
man. 

Xiphoid  Process  {processus  xiphoideus;  ensiform  or  xiphoid  appendix). — The 
xiphoid  process  is  the  smallest  of  the  three  pieces:  it  is  thin  and  elongated, 
cartilaginous  in  structure  in  youth,  but  more  or  less  ossified  at  its  upper  part  in 
the  adult. 

Surfaces. — Its  anterior  surface  affords  attachment  on  either  side  to  the  anterior 
costoxiphoid  ligament  and  a  small  part  of  the  Rectus  abdominis;  its  posterior  sur¬ 
face,  to  the  posterior  costoxiphoid  ligament  and  to  some  of  the  fibers  of  the  dia¬ 
phragm  and  Transversus  thoracis,  its  lateral  borders,  to  the  aponeuroses  of  the 
abdominal  muscles.  Above,  it  articulates  with  the  lower  end  of  the  body,  and 
on  the  front  of  each  superior  angle  presents  a  facet  for  part  of  the  cartilage  of  the 
seventh  rib;  below,  by  its  pointed  extremity,  it  gives  attachment  to  the  linea 
alba.  The  xiphoid  process  varies  much  in  form;  it  may  be  broad  and  thin,  pointed, 
bifid,  perforated,  curved,  or  deflected  considerably  to  one  or  other  side. 

Structure. — The  sternum  is  composed  of  highly  vascular  cancellous  tissue,  covered  by  a  thin 
layer  of  compact  bone  which  is  thickest  in  the  manubrium  between  the  articular  facets  for  the 
clavicles. 

Ossification. — The  sternum  originally  consists  of  two  cartilaginous  bars,  situated  one  on  either 
Bide  of  the  median  plane  and  connected  with  the  cartilages  of  the  upper  nine  ribs  of  its  own  side. 
These  two  bars  fuse  with  each  other  along  the  middle  line  to  form  the  cartilaginous  sternum  which 
is  ossified  from  six  centers:  one  for  the  manubrium,  four  for  the  body,  and  one  for  the  xiphoid 
process  (Fig.  116;.  The  ossific  centers  appear  in  the  intervals  between  the  articular  depressions 
for  the  costal  cartilages,  in  the  following  order:  in  the  manubrium  and  first  piece  of  the  body, 
during  the  sixth  month;  in  the  second  and  third  pieces  of  the  body,  during  the  seventh  month  of 
fetal  life:  in  its  fourth  piece,  during  the  first  year  after  birth;  and  in  the  xiphoid  process,  between 
the  fifth  and  eighteenth  years.  The  centers  make  their  appearance  at  the  upper  parts  of  the  seg¬ 
ments,  and  proceed  gradually  downward.3  To  these  may  be  added  the  occasional  existence  of 
two  small  episternal  centers,  which  make  their  appearance  one  on  either  side  of  the  jugular  notch; 
they  are  probably  vestiges  of  the  episternal  bone  of  the  monotremata  and  lizards.  Occasionally 
some  of  the  segments  are  formed  from  more  than  one  center,  the  number  and  position  of  which 
vary  Tig.  lis).  Thus,  the  first  piece  may  have  two,  three,  or  even  six  centers.  When  two  are 


‘  Paterson  (The  Human  Sternum,  1904),  who  examined  524  specimens,  points  out  that  these  ridges  are  altogether 
*«seat  is  26.7  per  cent. ;  that  in  69  per  cent  a  ridge  exists  opposite  the  third  costal  attachment;  in  39  per  cent,  opposite 
»e  fourth;  ana  in  4  per  cent,  only,  opposite  the  fifth. 

1  -Named  after  the  French  surgeon  Antoine  Louis,  1723-1792.  The  Latin  name  angulus  Ludovici  is  not  infrequently 
t^traoslated  into  English  as  “the  angle  of  Ludwig. M 

Out  of  141  sterna  between  the  time  of  birth  and  the  age  of  sixteen  years,  Paterson  (op.  cit.)  found  the  fourth  or 
lowest  center  for  the  body  present  only  in  thirty-eight  cases — i.  c.,  26.9  per  cent. 
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present,  they  are  generally  situated  one  above  the  other,  the  upper  being  the  larger;  the  second 
piece  has  seldom  more  than  one;  the  third,  fourth,  and  fifth  pieces  are  often  formed  from  two 
centers  placed  laterally,  the  irregular  union  of  which  explains  the  rare  occurrence  of  the  sternal 
foramen  (Fig.  119),  or  of  the  vertical  fissure  which  occasionally  intersects  this  part  of  the  bone 
constituting  the  malformation  known  as  fissura  stemi;  these  conditions  are  further  explained  by 
the  manner  in  which  the  cartilaginous  sternum  is  formed.  More  rarely  still  the  upper  end  of  the 
.sternum  may  be  divided  by  a  fissure.  Union  of  the  various  centers  of  the  body  begins  about 
puberty,  and  proceeds  from  below  upward  (Fig.  1 17) ;  by  the  age  of  twenty-five  they  are  all  united. 
The  xiphoid  process  may  become  joined  to  the  body  before  the  age  of  thirty,  but  this  occurs 
more  frequently  after  forty;  on  the  other  hand,  it  sometimes  remains  ununited  in  old  age.  In 
advanced  life  the  manubrium  is  occasionally  joined  to  the  body  by  bone.  When  this  takes  place, 
however,  the  bony  tissue  is  generally  only  superficial,  the  central  portion  of  the  intervening 
cartilage  remaining  unossified. 

ArticnlatKms. — The  sternum  articulates  on  either  side  with  the  clavicle  and  upper  seven  costal 
cartilages. 

The  Bibs  (Cost®). 

The  ribs  are  elastic  arches  of  bone,  which  form  a  large  part  of  the  thoracic 
skeleton.  They  are  twelve  in  number  on  either  side;  but  this  number  may  be 
increased  by  the  development  of  a  cervical  or  lumbar  rib,  or  may  be  diminished 
to  eleven.  The  first  seven  are  connected  behind  with  the  vertebral  column,  and  in 
front,  through  the  intervention  of  the  costal  cartilages,  with  the  sternum  (Fig. 
113);  they  are  called  true  or  vertebro-stemal  ribs.1  The  remaining  five  are  false 
ribs;  of  these,  the  first  three  have  their  cartilages  attached  to  the  cartilage  of  the 
rib  above  (vertebro-chondral) :  the  last  two  are  free  at  their  anterior  extremities 
and  are  termed  floating  or  vertebral  ribs.  The  ribs  vary  in  their  direction,  the 
upper  ones  being  less  oblique  than  the  lower;  the  obliquity  reaches  its  maximum 
at  the  ninth  rib,  and  gradually  decreases  from  that  rib  to  the  twelfth.  The  ribs 
are  situated  one  below  the  other  in  such  a  manner  that  spaces  called  intercostal 
spaces  are  left  between  them.  The  length  of  each  space  corresponds  to  that  of 
the  adjacent  ribs  and  their  cartilages;  the  breadth  is  greater  in  front  than  behind, 
and  between  the  upper  than  the  lower  ribs.  The  ribs  increase  in  length  from 
the  first  to  the  seventh,  below  which  they  diminish  to  the  twelfth.  In  breadth 
they  decrease  from  above  downward;  in  the  upper  ten  the  greatest  breadth  is  at 
the  sternal  extremity. 

Common  Characteristics  of  the  Ribs  (Figs.  120,  121).  — A  rib  from  the  middle 
of  the  series  should  be  taken  in  order  to  study  the  common  characteristics  of  these 
bones. 

Each  rib  has  two  extremities,  a  posterior  or  vertebral,  and  an  anterior  or  sternal, 
and  an  intervening  portion — the  body  or  shaft. 

Posterior  Extremity. — The  posterior  or  vertebral  extremity  presents  for  examination 
a  head,  neck,  and  tubercle. 

The  head  is  marked  by  a  kidney-shaped  articular  surface,  divided  by  a  hori¬ 
zontal  crest  into  two  facets  for  articulation  with  the  depression  formed  on  the 
bodies  of  two  adjacent  thoracic  vertebrae;  the  upper  facet  is  the  smaller;  to  the 
crest  is  attached  the  interarticular  ligament. 

The  neck  is  the  flattened  portion  which  extends  lateralward  from  the  head;  it 
is  about  2.5  cm.  long,  and  is  placed  in  front  of  the  transverse  process  of  the 
lower  of  the  two  vertebrae  with  which  the  head  articulates.  Its  anterior  surface  is 
flat  and  smooth,  its  posterior  rough  for  the  attachment  of  the  ligament  of  the  neck, 
and  perforated  by  numerous  foramina.  Of  its  two  borders  the  superior  presents  a 
rough  crest  ( crista  colli  costa)  for  the  attachment  of  the  anterior  costotransverse 
ligament;  its  inferior  border  is  rounded.  On  the  posterior  surface  at  the  junction 
of  the  neck  and  body,  and  nearer  the  lower  than  the  upper  border,  is  an  eminence 


1  Sometimes  the  eighth  rib  cartilage  articulates  with  the  sternum;  this  condition  occurs  more  frequently  on  the 
right  than  on  the  left  side. 
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the  tubercle;  it  consists  of  an  articular  and  a  non-articular  portion.  The  articular 
portion,  the  lower  and  more  medial  of  the  two,  presents  a  small,  oval  surface  for 

N on-articular  part  of  tubercle 
Articular  part  of  tubercle 


-Oostal  groove 


-Body 


12U. — A  central  rib  of  the  left  side. 
Inferior  aspect. 


articulation  with  the  end  of  the  transverse  pro¬ 
cess  of  the  lower  of  the  two  vertebrae  to  which 
the  head  is  connected.  The  non-articular  por¬ 
tion  is  a  rough  elevation,  and  affords  attach¬ 
ment  to  the  ligament  of  the  tubercle.  The 
tubercle  is  much  more  prominent  in  the  upper 
than  in  the  lower  ribs. 

Body. — The  body  or  shaft  is  thin  and  flat, 
with  two  surfaces,  an  external  and  an  internal ; 
and  two  borders,  a  superior  and  an  inferior. 
The  external  surface  is  convex,  smooth,  and 
marked,  a  little  in  front  of  the  tubercle,  by  a 
prominent  line,  directed  downward  and  lateral- 
ward;  this  gives  attachment  to  a  tendon  of 
the  Iliocostalis,  and  is  called  the  angle.  At 
this  point  the  rib  is  bent  in  two  directions, 
and  at  the  same  time  twisted  on  its  long  axis. 
If  the  rib  be  laid  upon  its  lower  border,  the 
portion  of  the  body  in  front  of  the  angle  rests 
upon  this  border,  while  the  portion  behind  the 
angle  is  bent  medialward  and  at  the  same 
time  tilted  upward;  as  the  result  of  the  twist¬ 
ing,  the  external  surface,  behind  the  angle, 
looks  downward,  and  in  front  of  the  angle, 
slightly  upward.  The  distance  between  the 
angle  and  the  tubercle  is  progressively  greater 
from  the  second  to  the  tenth  ribs.  The  por¬ 
tion  between  the  angle  and  the  tubercle  is 
rounded,  rough,  and  irregular,  and  serves  for 
the  attachment  of  the  Longissimus  dorsi.  The 
internal  surface  is  concave,  smooth,  directed  a 
little  upward  behind  the  angle,  a  little  down¬ 
ward  in  front  of  it,  and  is  marked  by  a  ridge 
which  commences  at  the  lower  extremity  of 
the  head;  this  ridge  is  strongly  marked  as  far 
as  the  angle,  and  gradually  becomes  lost  at 
the  junction  of  the  anterior  and  middle  thirds 
of  the  bone.  Between  it  and  the  inferior 
border  is  a  groove,  the  costal  groove,  for  the 
intercostal  vessels  and  nerve.  At  the  back 
part  of  the  bone,  this  groove  belongs  to  the 
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inferior  border,  but  just  in  front  of  the  angle,  where  it  is  deepest  and  broadest,  it  is 
on  the  internal  surface.  The  superior  edge  of  the  groove  is  rounded  and  serves 
for  the  attachment  of  an  Intercostalis  internus;  the  inferior  edge  corresponds  to 
the  lower  margin  of  the  rib,  and  gives  attachment  to  an  Intercostalis  externus. 
Within  the  groove  are  seen  the  orifices  of  numerous  small  foramina  for  nutrient 
vessels  which  traverse  the  shaft  obliquely  from  before  backward.  The  superior 
border,  thick  and  rounded,  is  marked  by  an  external  and  an  internal  lip,  more 
distinct  behind  than  in  front,  which  serve  for  the  attachment  of  Intercostales 
externus  and  internus.  The  inferior  border  is  thin,  and  has  attached  to  it  an  Inter¬ 
costalis  externus. 

Anterior  Extremity. — The  anterior  or  sternal  extremity  is  flattened,  and  presents  a 
porous,  oval,  concave  depression,  into  which  the  costal  cartilage  is  received. 

Peculiar  Ribs. — The  first,  second,  tenth,  eleventh,  and  twelfth  ribs  present 
certain  variations  from  the  common  characteristics  described  above,  and  require 
special  consideration. 


Fig.  121. — A  central  rib  of  the  left  side,  viewed  from  behind. 


First  Rib. — The  first  rib  (Fig.  122)  is  the  most  curved  and  usually  the  shortest 
of  all  the  ribs;  it  is  broad  and  flat,  its  surfaces  looking  upwrard  and  downward, 
and  its  borders  inward  and  outward.  The  head  is  small,  rounded,  and  possesses 
only  a  single  articular  facet,  for  articulation  writh  the  body  of  the  first  thoracic 
vertebra.  The  neck  is  narrow  and  rounded.  The  tubercle,  thick  and  prominent, 
is  placed  on  the  outer  border.  There  is  no  angle ,  but  at  the  tubercle  the  rib  is 
slightly  bent,  w  ith  the  convexity  upw  ard,  so  that  the  head  of  the  bone  is  directed 
downward.  The  upper  surface  of  the  body  is  marked  by  two  shallow  grooves, 
separated  from  each  other  by  a  slight  ridge  prolonged  internally  into  a  tubercle, 
the  scalene  tubercle,  for  the  attachment  of  the  Scalenus  anterior;  the  anterior 
groove  transmits  the  subclavian  vein,  the  posterior  the  subclavian  artery  and 
the  lowest  trunk  of  the  brachial  plexus.1  Behind  the  posterior  groove  is  a  rough 
area  for  the  attachment  of  the  Scalenus  medius.  The  under  surface  is  smooth, 
and  destitute  of  a  costal  groove.  The  outer  border  is  convex,  thick,  and  rounded, 
and  at  its  posterior  part  gives  attachment  to  the  first  digitation  of  the  Serratus 
anterior;  the  inner  border  is  concave,  thin,  and  sharp,  and  marked  about  its  center 
bv  the  scalene  tubercle.  The  anterior  extremity  is  larger  and  thicker  than  that 
of  any  of  the  other  ribs. 

Second  Rib. — The  second  rib  (Fig.  123)  is  much  longer  than  the  first,  but  has  a 
very  similar  curvature.  The  non-articular  portion  of  the  tubercle  is  occasionally 


1  Anat.  Anzeijcrr,  1910.  Band  36. 
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only  feebly-  marked,  The  angle  is  slight,  and  situated  close  to  the  tubercle.  The 
body  is  not  twisted,  so  thgt  both  eu.ls  totJch  any  plane  surface-  upon  which  it  ruas' 
be  laid ;  Mt  thpte  is ;'k  hf i)dr  syitb  itsi  riutvexity  upward,-  similar  to,  though  smaller 
than  tha  t  found  in  the  first  rib.  The  body’ is  not  flattened  /horizontally  like  that 
of  the  first,  rib.  Its  ej^erii&l  surface  is  cwtvex,  and  looks  upward  and  a  Kt&pputward ; 
near  the  middle  of  it  is  a  rough  eminence  for  the  origin  of  the  lower  part  of  the 


*etf- ru,.~ 


Single  facet 


S/iojh  xjn'ftidtff  jib*! 


L$$  Vj.0  — 

- 

first  and  the  whole  x$  the  second  digitation  of  the  Serovfus  anterior;  behind  and 
aboi'e  this  is  attaclied  the  .Scalenus  posterior.  The.  internal  surface,  smontli.  and 
concave,  is  directed  downward  and  a  little  inward:  on  its  posterior  part  there  is 
U  short  costal  groove. 

Tedtfi  Jtf&.T— The  tenth  rib  (Pig',,  124)  lias  only-  a  single  articular  facet  on  its  head. 
Eleventh  and  Twelfth  Kibe.-- -The.  eleventh  and  twelfth  ribs  (Figs.  125  and  1 2d) 
have  each  a  single  articular  ittcet  oiv  the  head,  which  is  of  rat  her  large  size;  they 
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have  no  necks  or  tubercles,  and  are  pointed  at  their  anterior  ends.  The  eleventh 
has  a  slight  angle  and  a  shallow  costal  groove.  The  twelfth  has  neither;  it  is  much 
shorter  than  the  eleventh,  and  its  head  is  inclined  slightly  downward.  Sometimes 
the  twelfth  rib  is  even  shorter  than  the  first. 

Structure. — The  riba  consist  of  highly  vascular  cancellous  tissue,  enclosed  in  a  thin  layer  of 
compact  bone. 

Ossification. — Each  rib,  with  the  exception  of  the  last  two,  is  ossified  from  four  centers;  a 
primary  center  for  the  body,  and  three  epiphysial  centers,  one  for  the  head  and  one  each  for  the 
articular  and  non-articular  parts  of  the  tubercle.  The  eleventh  and  twelfth  ribs  have  each  only 
two  centers,  those  for  the  tubercles  being  wanting.  Ossification  begins  near  the  angle  toward  the 
end  of  the  second  month  of  fetal  life,  and  is  seen  first  in  the  sixth  and  seventh  ribs.  The  epiphyses 
for  the  head  and  tubercle  make  their  appearance  between  the  sixteenth  and  twentieth  years,  and 
are  united  to  the  body  about  the  twenty-fifth  year.  Fawcett1  states  that  “in  all  probability  there 
is  usually  no  epiphysis  on  the  non-articular  part  of  the  tuberosity  below  the  sixth  or  seventh  rib. 

The  Costal  Cartilages  (Cartilagines  Costales). 

The  costal  cartilages  (Fig.  113)  are  bars  of  hyaline  cartilage  which  serve  to 
prolong  the  ribs  forward  and  contribute  very  materially  to  the  elasticity  of  the 
walls  of  the  thorax.  The  first  seven  pairs  are  connected  with  the  sternum;  the 
next  three  are  each  articulated  with  the  lower  border  of  the  cartilage  of  the  pre¬ 
ceding  rib;  the  last  two  have  pointed  extremities,  which  end  in  the  wall  of  the 
abdomen.  Like  the  ribs,  the  costal  cartilages  vary  in  their  length,  breadth,  and 
direction.  They  increase  in  length  from  the  first  to  the  seventh,  then  gradually 
decrease  to  the  twelfth.  Their  breadth,  as  well  as  that  of  the  intervals  between 
them,  diminishes  from  the  first  to  the  last.  They  are  broad  at  their  attachments 
to  the  ribs,  and  taper  toward  their  sternal  extremities,  excepting  the  first  two, 
which  are  of  the  same  breadth  throughout,  and  the  sixth,  seventh,  and  eighth, 
which  are  enlarged  where  their  margins  are  in  contact.  They  also  vary  in  direc¬ 
tion:  the  first  descends  a  little,  the  second  is  horizontal,  the  third  ascends  slightly, 
while  the  others  are  angular,  following  the  course  of  the  ribs  for  a  short  distance, 
and  then  ascending  to  the  sternum  or  preceding  cartilage.  Each  costal  cartilage 
presents  two  surfaces,  two  borders,  and  two  extremities. 

Surfaces. — The  anterior  surface  is  convex,  and  looks  forward  and  upward:  that 
of  the  first  gives  attachment  to  the  costoclavicular  ligament  and  the  Subclavius 
muscle;  those  of  the  first  six  or  seven  at  their  sternal  ends,  to  the  Pectoralis  major. 
The  others  are  covered  by,  and  give  partial  attachment  to,  some  of  the  flat  muscles 
of  the  abdomen.  The  posterior  surface  is  concave,  and  directed  backward  and 
downward;  that  of  the  first  gives  attachment  to  the  Sternothyroideus,  those  of 
the  third  to  the  sixth  inclusive  to  the  Transversus  thoracis,  and  the  six  or  seven 
inferior  ones  to  the  Transversus  abdominis  and  the  diaphragm. 

Borders. — Of  the  two  borders  the  superior  is  concave,  the  inferior  convex;  they 
afford  attachment  to  the  Intercostales  interni:  the  upper  border  of  the  sixth  gives 
attachment  also  to  the  Pectoralis  major.  The  inferior  borders  of  the  sixth,  seventh, 
eighth,  and  ninth  cartilages  present  heel-like  projections  at  the  points  of  greatest 
convexity.  These  projections  carry  smooth  oblong  facets  which  articulate  respec¬ 
tively  with  facets  on  slight  projections  from  the  upper  borders  of  the  seventh, 
eighth,  ninth,  and  tenth  cartilages. 

Extremities. — The  lateral  end  of  each  cartilage  is  continuous  with  the  osseous 
tissue  of  the  rib  to  which  it  belongs.  The  medial  end  of  the  first  is  continuous 
with  the  sternum;  the  medial  ends  of  the  six  succeeding  ones  are  rounded  and  are 
received  into  shallow  concavities  on  the  lateral  margins  of  the  sternum.  The 
medial  ends  of  the  eighth,  ninth,  and  tenth  costal  cartilages  are  pointed,  and  are 
connected  each  w  ith  the  cartilage  immediately  above.  Those  of  the  eleventh  and 
twelfth  are  pointed  and  free.  In  old  age  the  costal  cartilages  are  prone  to  undergo 
superficial  ossification. 

1  Journal  of  Anatomy  and  Physiology,  vol.  45 
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Cervical  ribs  derived  from  the  seventh  cervical  vertebra  (page  80)  are  of  not  infrequent  occur¬ 
rence,  and  are  important  clinically  because  they  may  give  rise  to  obscure  nervous  or  vascular 
symptoms.  The  cervical  rib  may  be  a  mere  epiphysis  articulating  only  with  the  transverse  process 
of  the  vertebra,  but  more  commonly  it  consists  of  a  defined  head,  neck,  and  tubercle,  with  or 
without  a  body.  It  extends  lateralward,  or  forward  and  lateralward,  into  the  posterior  triangle 
of  the  neck,  where  it  may  terminate  in  a  free  end  or  may  join  the  first  thoracic  rib,  the  first  costal 
cartilage,  or  the  sternum.1  It  varies  much  in  shape,  size,  direction,  and  mobility.  If  it  reach 
far  enough  forward,  part  of  the  brachial  plexus  and  the  subclavian  artery  and  vein  cross  over 
it,  and  are  apt  to  suffer  compression  in  so  doing.  Pressure  on  the  artery  may  obstruct  the  circula- 
tion  so  much  that  arterial  thrombosis  results,  causing  gangrene  of  the  finger  tips.  Pressure  on 
the  nerves  is  commoner,  and  affects  the  eighth  cervical  and  first  thoracic  nerves,  causing  paralysis 
of  the  muscles  they  supply,  and  neuralgic  pains  and  paresthesia  in  the  area  of  skin  to  which  they 
are  distributed :  no  oculopupillary  changes  are  to  be  found. 

The  thorax  is  frequently  found  to  be  altered  in  shape  in  certain  diseases. 

In  rickets ,  the  ends  of  the  ribs,  where  they  join  the  costal  cartilages,  become  enlarged,  giving 
rise  to  the  so-called  “rickety  rosary/’  which  in  mild  cases  is  only  found  on  the  internal  surface 
of  the  thorax.  Lateral  to  these  enlargements  the  softened  ribs  sink  in,  so  as  to  present  a  groove 
passing  downward  and  lateralward  on  either  side  of  the  sternum.  This  bone  is  forced  forward 
by  the  bending  of  the  ribs,  and  the  antero-posterior  diameter  of  the  chest  is  increased.  The  ribs 
affected  are  the  second  to  the  eighth,  the  lower  ones  being  prevented  from  falling  in  by  the  pres¬ 
ence  of  the  liver,  stomach,  and  spleen ;  and  when  the  abdomen  is  distended,  as  it  often  is  in  rickets, 
the  lower  ribs  may  be  pushed  outward,  causing  a  transverse  groove  (Harrison’s  sulcus)  just 
above  the  costal  arch.  This  deformity  or  forward  projection  of  the  sternum,  often  asymmetrical, 
is  known  as  pigeon  breast}  and  may  be  taken  as  evidence  of  active  or  old  rickets  except  in  cases 
of  primary  spinal  curvature.  In  many  instances  it  is  associated  in  children  with  obstruction  in 
the  upper  air  passages,  due  to  enlarged  tonsils  or  adenoid  growths.  In  some  rickety  children  or 
adults,  and  also  in  others  who  give  no  history  or  further  evidence  of  having  had  rickets,  an  opposite 
condition  obtains.  The  lower  part  of  the  sternum  and  often  the  xiphoid  process  as  well  are  deeply 
depressed  backward,  producing  an  oval  hollow  in  the  lower  sternal  and  upper  epigastric  regions. 
This  is  known  as  funnel  breast  (German,  Trichterbrust) ;  it  never  appears  to  produce  the  least 
disturbance  of  any  of  the  vital  functions.  The  phthisical  chest  is  often  long  and  narrow,  and  with 
great  obliquity  of  the  ribs  and  projection  of  the  scapulae.  In  pulmonary  emphysema  the  chest  is 
enlarged  in  all  its  diameters,  and  presents  on  section  an  almost  circular  outline.  It  has  received 
the  name  of  the  barrel-shaped  chest.  In  severe  cases  of  lateral  curvature  of  the  vertebral  column 
the  thorax  becomes  much  distorted.  In  consequence  of  the  rotation  of  the  bodies  of  the  vertebrae 
which  takes  place  in  this  disease,  the  ribs  opposite  the  convexity  of  the  dorsal  curve  become 
extremely  convex  behind,  being  thrown  out  and  bulging,  and  at  the  same  time  flattened  in  front, 
so  that  the  two  ends  of  the  same  rib  are  almost  parallel.  Coincidently  with  this  the  ribs  on  the 
opposite  side,  on  the  concavity  of  the  curve,  are  sunk  and  depressed  behind,  and  bulging  and 
convex  in  front. 

THE  SKULL. 


The  skull  is  supported  on  the  summit  of  the  vertebral  column,  and  is  of  an 
oval  shape,  wider  behind  than  in  front.  It  is  composed  of  a  series  of  flattened 
or  irregular  bones  which,  with  one  exception  (the  mandible),  are  immovably 
jointed  together.  It  is  divisible  into  two  parts:  (1)  the  cranium,  which  lodges 
and  protects  the  brain,  consists  of  eight  bones,  and  (2)  the  skeleton  of  the  face, 
of  fourteen,  as  follows: 


Cranium ,  8  bones 


Occipital. 

Two  Parietals. 
Frontal. 

Two  Temporals. 

Sphenoidal. 

Ethmoidal. 


Skull ,  22  bones 


Face ,  14  bones 


r  Two  Nasals. 

Two  Maxillae. 

Two  Lacrimals. 

Two  Zygomatics. 
s  Two  Palatines. 

Two  Inferior  Nasal  Conch®. 
Vomer. 

I  Mandible. 


1  W.  Thorburn,  The  Medical  Chronicle,  Manchester,  1907,  4th  series,  vol.  14,  No.  3. 
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In  the  Basle  nomenclature,  certain  bones  developed  in  association  with  the  nasal 
capsule,  viz.,  the  inferior  nasal  conchie,  the  lacrimals,  the  nasals,  and  the  vomer, 
are  grouped  as  cranial  and  not  as  facial  bones. 

The  hyoid  hone,  situated  at  the  root  of  the  tongue  and  attached  to  the  base 
of  the  skull  by  ligaments,  h  described  in  this  section. 


THE  CRANIAL  BONES  (OSSA  CRANK) 


The  Occipital  Bone  (Os  Occipitale). 

The  occipital  bone  (Figs.  127,  128),  situated  at  the  back  and  lower  part  of  the 
cranium,  is  trapezoid  in  shape  and  curved  on  itself.  It  is  pierced  by  a  large  oval 
aperture,  the  foramen  magnum,  through  which  the  cranial  cavity  communicates 
with  the  vertebral  canal. 
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Fig.  127. —OcaipHftl  bone,  Outer  surface. 


The  curved,  expanded  plate  behind  the  foramen  magnum  is  named  the  squama; 
the  thick,  somewhat  quadrilateral  piece  in  front  of  the  foramen  is  called  the 
basilar  part,  whilst  on  either  side  of  the  foramen  is  the  lateral  portion. 

The  Squama  ( squama  occipitalis);^- The  squama,  situated  above  and  behind 
the  foramen  rnagnum,  is  curved  from  above  downward  aud  from  side  to  side. 

Surfaces.— The  external  surface  is  convex  and  presents  midway  between  the 
summit  of  the  bone  and  the  foramen  magnum  a  prominence*  the  external  occipital 
protuberance.  Extending  lateralward  from  this  on  either  side  are  two  curved 
lines,  one  a  little  above  the  other.  The  upper,  often  faintly  marked,  is  named 
the  highest  nuchal  line,  and  to  it  the  galea  aponeurotica  is  attached.  The  lower 
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is  termed  the  superior  nuchal  line.  That  part  of  the  squama  which  lies  above 
the  highest  nuchal  lines  is  named  the  planum  occipitale,  and  is  covered  by  the 
Occipitalis  muscle;  that  below,  termed  the  planum  nuchale,  is  rough  and  irregular 
for  the  attachment  of  several  muscles.  From  the  external  occipital  protuberance 
a  ridge  or  crest,  the  median  nuchal  line,  often  faintly  marked,  descends  to  the  fora¬ 
men  magnum,  and  affords  attachment  to  the  ligamentum  nuchte;  running  from 
the  middle  of  this  line  across  either  half  of  the  nuchal  plane  Is  the  inferior  nuchal 
line.  Several  muscles  are  attached  to  the  outer  surface  of  the  squama,  thus: 
the  superior  nuchal  line  gives  origin  to  the  Occipitalis  and  Trapezius,  and  insertion 
to  the  Sternocleidomastoideus  and  Splenius  capitis:  into  the  surface  between 
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the  superior  and  inferior  nuchal  lines  the  Seimspinalis  capitis  and  the  Obliquus 
capitis  superior  are  inserted,  while  the  inferior  nuchal  line  and  the  area  below 
it  receive  the  insertions  of  the  Recti  capitis  posteriores  major  and  minor.  The 
posterior  atlantooccipital  membrane  is  attached  around  the  postero-lateral  part 
of  the  foramen  magnum,  just  outside  the  margin  of  the  foramen. 

The  internal  surface  is  deeply  concave  and  divided  into  four  fossie  by  a  cruciate 
eminence.  The  upper  two  fossae  are  triangular  and  lodge  the  occipital  lobes  of 
the  cerebrum;  the  lower  two  are  quadrilateral  and  accommodate  the  hemispheres 
of  the  cerebellum.  At  the  point  of  intersection  of  the  four  divisions  of  the  cruciate 
eminence  is  the  internal  occipital  protuberance.  From  this  protuberance  the  upper 
division  of  the  cruciate  eminence  runs  to  the  superior  angle  of  the  bone,  and  on 
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one  side  of  it  (generally  the  right)  is  a  deep  groove,  the  sagittal  sulcus,  which  lodges 
the  hinder  part  of  the  superior  sagittal  sinus;  to  the  margins  of  this  sulcus  the  falx 
cerebri  is  attached.  The  lower  division  of  the  cruciate  eminence  is  prominent, 
and  is  named  the  internal  occipital  crest;  it  bifurcates  near  the  foramen  magnum 
and  gives  attachment  to  the  falx  cerebelli;  in  the  attached  margin  of  this  falx 
b  the  occipital  sinus,  which  is  sometimes  duplicated.  In  the  upper  part  of  the 
internal  occipital  crest,  a  small  depression  is  sometimes  distinguishable;  it  is 
termed  the  vermian  fossa  since  it  is  occupied  by  part  of  the  vermis  of  the  cerebellum. 
Transverse  grooves,  one  on  either  side,  extend  from  the  internal  occipital  protuber¬ 
ance  to  the  lateral  angles  of  the  bone;  those  grooves  accommodate  the  transverse 
sinuses,  and  their  prominent  margins  give  attachment  to  the  tentorium  cerebelli. 
The  groove  on  the  right  side  is  usually  larger  than  that  on  the  left,  and  is 
continuous  with  that  for  the  superior  sagittal  sinus.  Exceptions  to  this  condition 
are,  however,  not  infrequent;  the  left  may  be  larger  than  the  right  or  the  two 
may  be  almost  equal  in  size.  The  angle  of  union  of  the  superior  sagittal  and  trans¬ 
verse  sinuses  is  named  the  confluence  of  the  sinuses  (i torcular  Herophili1),  and  its 
position  is  indicated  by  a  depression  situated  on  one  or  other  side  of  the 
protuberance. 

Lateral  Parts  ( pars  lateralis ). — The  lateral  parts  are  situated  at  the  sides  of 
the  foramen  magnum;  on  their  under  surfaces  are  the  condyles  for  articulation 
with  the  superior  facets  of  the  atlas.  The  condyles  are  oval  or  reniform  in  shape, 
and  their  anterior  extremities,  directed  forward  and  medialward,  are  closer  together 
than  their  posterior,  and  encroach  on  the  basilar  portion  of  the  bone;  the  posterior 
extremities  extend  back  to  the  level  of  the  middle  of  the  foramen  magnum.  The 
articular  surfaces  of  the  condyles  are  convex  from  before  backward  and  from 
side  to  side,  and  look  downward  and  lateralward.  To  their  margins  are  attached 
the  capsules  of  the  atlantooccipital  articulations,  and  on  the  medial  side  of  each 
b  a  rough  impression  or  tubercle  for  the  alar  ligament.  At  the  base  of  either 
condyle  the  bone  is  tunnelled  by  a  short  canal,  the  hypoglossal  canal  (< anterior 
condyloid  foramen) .  This  begins  on  the  cranial  surface  of  the  bone  immediately 
above  the  foramen  magnum,  and  is  directed  lateralward  and  forward  above  the 
condyle.  It  may  be  partially  or  completely  divided  into  two  by  a  spicule  of  bone ; 
it  gives  exit  to  the  hypoglossal  or  twelfth  cerebral  nerve,  and  entrance  to  a  meningeal 
branch  of  the  ascending  pharyngeal  artery.  Behind  either  condyle  is  a  depression, 
the  condyloid  fossa,  which  receives  the  posterior  margin  of  the  superior  facet  of 
the  atlas  when  the  head  is  bent  backward;  the  floor  of  this  fossa  is  sometimes 
perforated  by  the  condyloid  canal,  through  which  an  emissary  vein  passes  from  the 
transverse  sinus.  Extending  lateralward  from  the  posterior  half  of  the  condyle 
b  a  quadrilateral  plate  of  bone,  the  jugular  process,  excavated  in  front  by  the  jugular 
wich,  which,  in  the  articulated  skull,  forms  the  posterior  part  of  the  jugular  fora¬ 
men.  The  jugular  notch  may  be  divided  into  two  by  a  bony  spicule,  the  intra- 
jugular  process,  which  projects  lateralward  above  the  hypoglossal  canal.  The 
under  surface  of  the  jugular  process  is  rough,  and  gives  attachment  to  the  Rectus 
capitis  lateralis  muscle  and  the  lateral  atlantooccipital  ligament;  from  this 
surface  an  eminence,  the  paramastoid  process,  sometimes  projects  downward,  and 
may  be  of  sufficient  length  to  reach,  and  articulate  with,  the  transverse  process 
of  the  atlas.  Laterally  the  jugular  process  presents  a  rough  quadrilateral  or  tri¬ 
angular  area  which  is  joined  to  the  jugular  surface  of  the  temporal  bone  by  a  plate 
of  cartilage;  after  the  age  of  twenty-five  this  plate  tends  to  ossify. 

The  upper  surface  of  the  lateral  part  presents  an  oval  eminence,  the  jugular 
tubercle,  which  overlies  the  hypoglossal  canal  and  is  sometimes  crossed  by  an 
oblique  groove  for  the  glossopharyngeal,  vagus,  and  accessory  nerves.  On  the 

1  The  columns  of  blood  coming  in  different  directions  wore  supposed  to  be  pressed  together  at  this  point  ( torcular . 
*  *ine  press). 
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upper  surface of  the  jugular  proms  is  u '  deep 'groove wWcb  cun^s  m^Bnlward 
and  forward  and  is  •^ptiimdda  wUh  ' t-h^ - j i|j®U  1.^ C ^ '  This"  groove •  iridjgH  the 
terminal.  purr  of  |p  tnuisvem  rimts,  and  aiming  imo  it,  to  its  m&lml 
margin,  i.-»  the  orifice  ef  the  «LH>ndKhud  fcnhhL  .  V^y-V/  ;  .  (  ;-  *  y  '  y 'y ; :^  :': 

Basilar  Fart  (pi r,9  haxitarm .* hnsthvr  part  extends  torvwd  ami  upward 
from  xhprdran(e|i  magnum,  and  presents  in  front  *n  amt  more  or  less  qumirilateral. 
or  oVitliiiie  in  tie*  young  skuli  this  area  is  rdtigh  and  uneven,  and  .is-  Jofijed  to  the 
limy  uf  tile  sphenoid  by V  plate  of  eittilage.  By  -the  jnjwjfiP 

agimms  plate  is  ossified,  and  the  occipital  arid  sphenoid  form  a  continuous  hone. 

Surfaces  -4 hi  in  lower  surface,  About  I  em, in  front  of  the  foramen  magnum, 
is  the  pharyngeal  tubercle iv: h iivl  1  v^s  t  at*lViO;4>ri  t  to  the  jfihroius  raphe  of  thr.plmniix:,. 
On  either  side  uF  the  middle  line  tin?  Tm*gus  wapitis  and  Keetus  capitis  anterior 
are  hiserted,.  and  nmuedhUely  in  front,  the  foramen  magnum  the  anterior 
athtnt.r«/K;eipital,menthra!ii‘  is  attached. 

The  upper  surtace  presents  a  :bn>atL  shallow  groove  which  inclines  upward 
am!  f oriyar'tl  froin  the  jforwm^ri  iaaguuxurK  the  medmfe  ^bk>rigataf  md 

near  the  margin  ol  the  foramen  magnum  gives  at t&ebment  to  elm  tnembrana 
tectoria;  On  rbe  lateral  margins  uf  this  surf  net?  arc  hunt  grooves  for  the  inferior 
petrosal  shmses. 

Foramen  M&gBm.  -frhe  foramen  trnghimA*  a  large  oval  Aperture  '.wi'fli  its  long 
diameter  a  mens  poster!  or;  it  is  wider  behind  than  in  front  where  h.  is  encroached 
/upon  bv  the  Cijndyleis/  it  transmits  the  imidulla  oblongata  .its., 
the  accessory  nerves,  the  vertebral  ;ftrtier;ie^v  the  'antmdr.  and  |k>st^ri»>r  sj>nial 
arteries,  and  the  numlirana  teetoria  and  alar  ligaments. 

Angles. . The  superior  angle  of  the  occipital  bone  artif’ulttfev'wifh.  the,  occipital 

angles  of  the  parietal  bones  and,  in  the  fetal  skull,  corresponds  in  position-  with  -  the 
posterior  femtaiielle  The  inferior  angle  is  fused  with  the  Body  of  the  sphen«>i<i. 
The  lateral  angles  are  ait  oat  ed  at  the  extremities  of  the  grooves  for  tin*  transverse 

sinuses;  ivo  h  is  received  into  the mtcrv d 
between  tlic  inastoid  angle  of  the  parietal 
and  the  mastoid  part  of  the  temporal 
■  Borders,  sg--;  The  superior  borders  extend 

/:  from  the  superior  to  the  lateral  angles: 

-  '' they  are  deeply  serrated  for ..  aftlcufuripp 
''"ta  1  vv hb  the  orcipiiid  borders  of.  the  parietols, 
and  form  by  this  union  the  I  am  Wold  a] 
t  /  ^  suture.  The  inferior  borders  extend  from 

K  ^  the  lateral  angles  to  the  inferior  Hugh*. 

the  upper  half  of  edigfi  art:  Relates  with 
t-liy  piastdid  portion  pf  tlh*  f'ufrt^ponding 
temporal,  thb Tower'  h^f  ^#4  $&■'  petrous 
pact  of  t he  xiwu?  bone.  These  Two  pots 
tinny  of  the  inferior  l)oriht  ate  separate! 

Profit  one  another.  by  the 
the  opridi  pp  the  yiuteHor  iurfftee  of  which 
forms  the  postgripr  pari  of  the  jugular 
forimmr  '  *y  -  V 

y-  't\  hxtiK 

Struetoe.  ~-1  ia:  Vev;piiHl,  iii  e  P»“  oOm  *  rt:nM;0 
hohes,  «  e?.;.vwO  #f  me  r-reup.-et  J-amelgf*,  e.niUrd 
the  .rtiktr  aiul  tiojw  which  is  tiie.  iranrclbnis:  tissiit' m:  xtipUri;  the  lumc  is  ^peebtU* 

thick  at  rj)g'rid^s  7rtx»tui;nv^ihfei  »‘*Ot)d>ie^  >\ad  anterior  part  of  tltc  by^ilar  cart;  iu  the  inferior 
f»>S^  it  iV’tliiu.  sf*g,ii{*Kesj‘;et:ef  rvri.l  Oestiiutv*  of shpiop. 

Ossification  »1  (g  aj^eiptialc  <>f  thj?  ^piaiuA*^.  .devehiuHct.' '  ip  ’ 
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the  bone  is  developed  in  cartilage.  The  number  of  nuclei  for  the  planum  occipitale  is  usually 
given  as  four,  two  appearing  near  the  middle  line  about  the  second  month,  and  two  some  little 
distance  from  the  middle  line  about  the  third  month  of  fetal  life.  The  planum  nuchale  of  the 
Sfjuaxna  is  ossified  from  two  centers,  which  appear  about  the  seventh  week  of  fetal  life  and  soon 
umte  to  form  a  single  piece.  Union  of  the  upper  and  lower  portions  of  the  squama  takes  place 
in  the  third  month  of  fetal  life.  An  occasional  center  (Kerckring)  appears  in  the  posterior  margin 
of  the  foramen  magnum  during  the  fifth  month;  this  forms  a  separate  ossicle  (sometimes  double) 
which  unites  with  the  rest  of  the  squama  before  birth.  Each  of  the  lateral  parts  begins  to 
ofcjfy  from  a  single  center  during  the  eighth  week  of  fetal  life.  The  basilar  portion  is  ossified 
from  two  centers,  one  in  front  of  the  other;  these  appear  about  the  sixth  week  of  fetal  life  and 
rapidly  coalesce.  Mall1  states  that  the  planum  occipitale  is  Gasified  from  two  centers  and  the 
basilir  portion  from  one.  About  the  fourth  year  the  squama  and  the  two  lateral  portions  unite, 
and  about  the  sixth  year  the  boue  consists  of  a  single  piece.  Between  the  eighteenth  and  twenty- 
fifth  years  the  occipital  and  sphenoid  become  united,  forming  a  single  bone. 

Articulations. — The  occipital  articulates  with  six  bones :  the  two  parietals,  the  two  temporals, 
the  sphenoid,  and  the  atlas. 


.  The  Parietal  Bone  (Os  Parietale). 

The  parietal  bones  form,  by  their  union,  the  sides  and  roof  of  the  cranium 
bone  is  irregularly  quadrilateral  in  form,  and  has  two  surfaces,  four  1: 
and  four  angles. 

Articulate*  with  optwitr  partial  bone 
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Ficr.  130  —Left,  parietal  bone  Outer  suriu<*<*. 


Surfaces.— The  external  surface  (Fig.  1 30)  is  convex,  smooth,  and  marked  near 
the  center  by  an  eminence,  the  parietal  eminence  (tuber  parietale),  which  indicates 
the  point  where  ossification  commenced.  Crossing  the  middle  of  the  bone  in  an 

1  American  Journal  of  Anatomy.  IlHXJ.  vol  5. 
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arched  direction  are  two  curved  lines,  the  superior  and  inferior  temporal  lines;  the 
former  gives  attachment  to  the  temporal  fascia,  and  the  latter  indicates  the  upper 
limit  of  the  muscular  origin  of  the  Temporalis.  Above  these  lines  the  bone  is 
covered  by  the  galea  aponeurotica;  below  them  it  forms  part  of  the  temporal 
fossa,  and  affords  attachment  to  the  Temporalis  muscle.  At  the  back  part  and 
close  to  the  upper  or  sagittal  border  is  the  parietal  foramen,  which  transmits  a 
vein  to  the  superior  sagittal  sinus,  and  sometimes  a  small  branch  of  the  occipital 
artery;  it  is  not  constantly  present,  and  its  size  varies  considerably. 

The  internal  surface  (Fig.  131)  is  concave;  it  presents  depressions  corresponding 
to  the  cerebral  convolutions,  and  numerous  furrows  for  the  ramifications  of  the 
middle  meningeal  vessel;1  the  latter  run  upward  and  backward  from  the  sphenoidal 
angle,  and  from  the  central  and  posterior  part  of  the  squamous  border.  Along 
the  upper  margin  is  a  shallow  groove,  which,  together  with  that  on  the  opposite 
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Flu  J.n, — Left  parietal  bone.  Inner  surface. 


parietal,  forms  a  channel,  the  sagittal  sulcus,  for  the  superior  sagittal  sinus;  the 
edges  of  the  sulcus  afford  attachment  to  the  falx  cerebri.  Near  the  groove  are 
several  depressions,  best  marked  in  the  skulls  of  old  persons,  for  the  arachnoid 
granulations  (Pacchion  inn  hoilies) .  In  the  groove  is  the  internal  opening  of  the 
parietal  foramen  when  that  aperture  exists. 

Borders. -The  sagittal  border,  the  longest  and  thickest,  is  dentated  and  articu¬ 
lates  with  its  fellow  of  the  opposite  side,  forming  the  sagittal  suture.  The  squamous 
border  is  divided  into  three  parts:  of  these,  the  anterior  is  thin  arid  pointed,  bevelled 
at  the  expense  of  the  outer  surface,  and  overlapped  by  the  tip  of  the  great  wiug 
of  the  sphenoid;  the  middle  portion  is  arched,  bevelled  at  the  expense  of  the  outer 
surface,  and  overlapped  by  the  squama  of  the  temporal;  the  posterior  part  is  thick 
and  serrated  for  articulation  with  the  mastoid  portion  of  the  temporal.  The 

1  Journal  of  Anatomy  and  Physiology.  1312,  vol  46. 


OSTEOLOGY 


THE  FRONTAL  BONE 


133 


frontal  border  is  deeply  serrated,  and  bevelled  at  the  expense  of  the  outer  surface 
above  and  of  the  inner  below;  it  articulates  with  the  frontal  bone,  forming  one- 
half  of  the  coronal  suture.  The  occipital  border,  deeply  denticulated,  articulates 
with  the  occipital,  forming  one-half  of  the  lambdoidal  suture. 

Angles. — The  frontal  angle  is  practically  a  right  angle,  and  corresponds  with 
the  point  of  meeting  of  the  sagittal  and  coronal  sutures;  this  point  is  named  the 
tofma;  in  the  fetal  skull  and  for  about  a  year  and  a  half  after  birth  this  region  is 
membranous,  and  is  called  the  anterior  fontanelle.  The  sphenoidal  angle,  thin 
and  acute,  is  received  into  the  interval  between  the  frontal  bone  and  the  great 
wing  of  the  sphenoid.  Its  inner  surface  is  marked  by  a  deep  groove,  sometimes 
a  canal,  for  the  anterior  divisions  of  the  middle  meningeal  artery.  The  occipital 
angle  is  rounded  and  corresponds  with  the  point  of  meeting  of  the  sagittal  and 
lambdoidal  sutures — a  point  which  is  termed  the  lambda;  in  the  fetus  this  part 
of  the  skull  is  membranous,  and  is  called  the  posterior  fontanelle.  The  mastoid 
angle  is  truncated;  it  articulates  with  the  occipital  bone  and  with  the  mastoid 
portion  of  the  temporal,  and  presents  on  its  inner  surface  a  broad,  shallow  groove 
which  lodges  part  of  the  transverse  sinus.  The  point  of  meeting  of  this  angle 
with  the  occipital  and  the  mastoid  part  of  the  temporal  is  named  the  asterion. 

Ossification. — The  parietal  bone  is  ossified  in  membrane  from  a  single  center,  which  appears 
st  the  parietal  eminence  about  the  eighth  week  of  fetal  life.  Ossification  gradually  extends  in 
a  radial  manner  from  the  center  toward  the  margins  of  the  bone;  the  angles  are  consequently 
the  parts  last  formed,  and  it  is  here  that  the  fontanelles  exist.  Occasionally  the  parietal  bone 
13  divided  into  two  parts,  upper  and  lower,  by  an  antero-posterior  suture. 

Articulations. — The  parietal  articulates  with  five  bones:  the  opposite  parietal,  the  occipital, 
frontal,  temporal,  and  sphenoid. 

The  Frontal  Bone  (Os  Frontale). 

The  frontal  bone  resembles  a  cockle-shell  in  form,  and  consists  of  two  portions 
—a  vertical  portion,  the  squama,  corresponding  with  the  region  of  the  forehead; 
and  an  orbital  or  horizontal  portion,  which  enters  into  the  formation  of  the  roofs 
of  the  orbital  and  nasal  cavities. 

Squama  ( squama  frontalis). — Surfaces. — The  external  surface  (Fig.  132)  of  this 
portion  is  convex  and  usually  exhibits,  in  the  lower  part  of  the  middle  line,  the 
remains  of  the  frontal  or  metopic  suture;  in  infancy  this  suture  divides  the  bone  into 
two,  a  condition  which  may  persist  throughout  life.  On  either  side  of  this  suture, 
about  3  cm.  above  the  supraorbital  margin,  is  a  rounded  elevation,  the  frontal  emi¬ 
nence  (tuber  frontale).  These  eminences  vary  in  size  in  different  individuals,  are 
occasionally  unsymmetrical,  and  are  especially  prominent  in  young  skulls;  the  sur¬ 
face  of  the  bone  above  them  is  smooth,  and  covered  by  the  galea  aponeurotica. 
Below  the  frontal  eminences,  and  separated  from  them  by  a  shallow  groove,  are 
two  arched  elevations,  the  superciliary  arches;  these  are  prominent  medially,  and 
are  joined  to  one  another  by  a  smooth  elevation  named  the  glabella.  They  are 
larger  in  the  male  than  in  the  female,  and  their  degree  of  prominence  depends 
to  some  extent  on  the  size  of  the  frontal  air  sinuses;1  prominent  ridges  are,  how¬ 
ever,  occasionally  associated  with  small  air  sinuses.  Beneath  each  superciliary 
arch  is  a  curved  and  prominent  margin,  the  supraorbital  margin,  which  forms  the 
upper  boundary  of  the  base  of  the  orbit,  and  separates  the  squama  from  the  orbital 
portion  of  the  bone.  The  lateral  part  of  this  margin  is  sharp  and  prominent, 
affording  to  the  eye,  in  that  situation,  considerable  protection  from  injury;  the 
medial  part  is  rounded.  At  the  junction  of  its  medial  and  intermediate  thirds  is 

'Some  confusion  i s  occasioned  to  students  commencing  the  study  of  anatomy  by  the  name  “sinus’'  having  been 
jpven  to  two  different  kinds  of  space  connected  with  the  skull.  It  may  be  as  well,  therefore,  to  state  here  that  the 
“anuses”  in  the  interior  of  the  cranium  which  produce  the  grooves  on  the  inner  surfaces  of  the  bones  are  venous 
diannels  which  convey  the  blood  from  the  brain,  while  the  •'sinuses”  oxternal  to  the  cranial  cavity  (the  frontal. 
*>benoidal.  ethmoidal,  and  maxillary)  are  hollow  spaces  in  the  bones  themselves;  they  communicate  with  the  nasal 
arities  and  contain  air. 
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a  notch,  sometimes  converted  into  a  foramen,  the  supraorbital  notch  or  foramen, 
which  transmits  the  supraorbital  vessels  and  nerve.  A  small  aperture  in  the  upper 
part  of  the  notch  transmits  a  vein  from  the  diploe  to  join  the  supraorbital  vein. 
The  supraorbital  margin  ends  laterally  in  the  zygomatic  process,  which  is  strong 
and  prominent,  and  articulates  with  the  zygomatic  bone.  Running  upward  and 
backward  from  this  process  is  a  well-marked  line,  the  temporal  line,  which  divides 
into  the  upper  and  lower  temporal  lines,  continuous,  in  the  articulated  skull,  with 
the  corresponding  lines  on  the  parietal  bone.  The  area  below  and  behind  the  tem¬ 
poral  line  forms  the  anterior  part  of  the  temporal  fossa,  and  gives  origin  to  the 
Temporalis  muscle.  Between  the  supraorbital  margins  the  squama  projects  down¬ 
ward  to  a  level  below  that  of  the  zygomatic  processes;  this  portion  is  known  as  the 
nasal  part  and  presents  a  rough,  uneven  interval,  the  nasal  notch,  which  articulates 


Zygomatic 

process 


Frontal  |  spine 

Fig.  132.  — Frontal  bone.  Outer  surface. 


on  either  side  of  the  middle  line  with  the  nasal  bone,  and  laterally  with  the  frontal 
process  of  the  maxilla  and  with  the  lacrimal.  The  term  nasion  is  applied  to  the 
middle  of  the  frontonasal  suture.  From  the  center  of  the  notch  the  nasal  process 
projects  downward  and  forward  beneath  the  nasal  bones  and  frontal  processes  of 
the  maxillae,  and  supports  the  bridge  of  the  nose.  The  nasal  process  ends  below 
in  a  sharp  spine,  and  on  either  side  of  this  is  a  small  grooved  surface  which  enters 
into  the  formation  of  the  roof  of  the  corresponding  nasal  cavity.  The  spine  forms 
part  of  the  septum  of  the  nose,  articulating  in  front  with  the  crest  of  the  nasal 
bones  and  behind  with  the  perpendicular  plate  of  the  ethmoid. 

The  internal  surface  (Fig.  133)  of  the  squama  is  concave  and  presents  in  the 
upper  part  of  the  middle  line  a  vertical  groove,  the  sagittal  sulcus,  the  edges  of 
which  unite  below  to  form  a  ridge,  the  frontal  crest;  the  sulcus  lodges  the  superior 
sagittal  sinus,  while  its  margins  and  the  crest  afford  attachment  to  the  falx  cerebri. 
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T'.t  rrt^t  t  iifl.'  below  in  a  arms!!  notch  which  is  converted  into  a  foramen,  the  -fora¬ 
men  cecum,  by  articulation  with  the  ethmoid.  This  foramen  varies  in  sire  in 
tliifewif  stihjects*  and  is  ..frequently  impervious,  when  open,  it  trmtemils  u  vein 
from  tin  nose  to  tire  siijK-rior  sai'ittai!  sinus.  On  either  side  of  the  middle  line  the 
bow  presents  depressions  for  the  convolutions  of  the  brain,  and  Humorous  small 
furrows  for  the  anterior  branches  of  the  middle  metis., lged  vessels.  Several  small, 
irreindar  ftfisse  may  also  be  seen  ,»n  either '  .side  <*f  ihs*  sagittal  sulcus,  for  the 
reception  of  the  arachnoid  granulations,  ,  •  -  ,  ,,  . 

Orbital  or  Horizontal  Part  {pars  orbiMtur). — This  portion  consists  of  two  thin 
triancuiar  plated,  the  orbital  plates,  which  form  the  valilta  At  the  orbits,  and  are 
separated  from  one  another  by  a  median  trap,  tin-  ethmoidal  notch. 


yhtiHidut  jP  £ 


'Wvsfc'i  • 

b  jo.  m 


A  jipyti: 


’*  (hiter )&*£<*;  V; 

-Knuntfcl  hffltp:  truicr  <surfari;. 


.  Surfaces.™!!!*#  i&Jerte*  surface  ^Fig ‘  of  oath  orbital  plate  U  '&mgoth  and 
(Viuf.0.; t‘t  .&V«I  prints,  laterally*  under  c<>Ver  of  the  zygomatic  process,  a  .sh$|kitv 
4'pm«4rni,  the  later, unai  toss**  for  the  keruaal  glaiid;  near  the  luisal  part  is  &  dtrpres- 
4%  die  fovea  ttvehtesm,  hr  oeraswMmlly  a  small,  trochlear  spine,  frit  tfe  aiSt^h- 
$||g  ui  die  <• •urtilagi.inous  pulley  of  tint .  OMiquu*  tpuH  superior.  The  superior 
■ititom.  h  eon  vex,  and  marked  by  depressions  for  the  convolutions' of  the  frontal 
M*cs  c^the  ^nun/aiid  faint  grooves  far  the  mehiugeal  branches  of  the  ethmafdal 
’  '  fJ. 

The  ethmoidal- scotch  oeparat^s  the  two  orbital  pktos;  it  i>  qiiatlrilaterah  and 
ti!h*d.  t|i  the  articulated  'skull,  1w  the  cribriform  phi  to  of  the  ethmoid.  The  margins 
the  hutch  present  several.  bail-cells  ^ hen  united  with  s*urre<j[»ViiHliug 

M-osis  on  the  upper  surface  of  the  ethmoid,  emnpMe  the etbnmidrt)  air  e»*ils. 
IVo  groove  cross  these  transversely  ]  they  are  converted  Iht.o  the  anterior; 
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and  'posterior  ethmoidal  ca ztals  by  the  ethmoid*  and  tfpeu  oo  the  medial  wall  of  the 
orbit,  '  The  interior  canal  transmits  the  nasociliary  nerve  and  anterior  nfimoubd 
vessels,  t \i$  posterior,  the  posterior  ethmoidal  aerve  and  vessels,.  In  front  of  the 
ethfUnkLiti  oh  either  side  of  the  frontal  spine,  are  tixe  openings  of  the  trontal 

&ir  sin&ses.  These  are  two  irregular  cavities;  which  extend  b&cktfwd*  upward^ 
and  lateraivvard  for  u  variable  distance  l>etween;.th.^:  two. tables  of  die  skijlj ;  they 
are  separated  from  one  another  t\V  *t  thin  often  d&vi&tes  to 

one  or  other  side,  with  the  result  that  the  simmes  are  rarely  ,syrunKdric>>(.  Absent 
at  birth,  they  are  usually  fairly  welbdcvelopeil  the  seventh  and  eighth 

years,  but  only  reach  their  fuU  ■'$#<?  after  puberty.  They  vary  in  si**  in  different 
persons,  and  are  larger  in  men  than  in  woumi.1  They  are  lined  by  mucous*  aiem- 
bmoe.  and  each  ciaimnnucates  with  the  correspo^t brig' nasal  cavity  by  means  ut  a 
parage  the  frontonasal  duct,  1  \ .  4  ’  > 

Borders  ^Flie  border  <*f,  the  Bqu&ma  is  thick,  strut tgly  serrated,  hevejled  f>t  the 
expense  i$  tlie  inner  where  it  Upon  the  parietal  bones,,  and  at 

they  m-  t>f ..ibe '  i mter '  table  -on  cither  s&fey  the  lateral  pre^ure 

tit tltosC Iktfifeh  tins  border  is  i^ntuiucd  below  into  a  triatigidar,  rough  surface, 
xvhioti  arti<mhite.5  with  the  grent  wing  of  the  «phctiouh  •  Imfan .  of 

the  orbital  plates  are  ^bfti amt  artK'nbitc ^vff  h  thW  sinatl  iryf-  the 
Sphenoid 

suuama  #r<d  .-the  sygomttie  piore^j^  ?vn,»  very  thick,  consisting  of  diploic 
tissue'  conUiiJ^d  hot  weeri  tw>  eompiwt  iujnittac*;  the  diploic  ti^sunis  afloat  lji  the  regions  occupied 
by  t  he  frontal  air  stmustv*  Tht-’Crrhifal  portion  ie  tiua._  ininHiuceiii,  and  compose  I  -entitely  of 
•r«orii/>^t;bune>'  hebev  the  facihiy  Wtfh ;  iyhi#  peoetfat*?  the  .cranium  -  through 

of  the  orbit ;  when  *  he  frontal  6arut^ofi  ft  i  t3n;vU  y  \argv  they  may  extend  backward 

for  a  eottejdin-abfe  disWme  uito  ffeorbitid jioJ^ntnv  which  in  mieft  eases  also  eonsi>m?of  only  two 
Itdlfe*-  '  * '  1  '  ,  j  ‘  \  '  , 

Os&itfcatido  (Tig-  1  >HK~~  The  frontal  hour  is  ossified  in  membrane  f rota  Hm  primary 
vrnt&fy  oOe  for  enrh  half,  which  appnm  tawatd  the  end  of  thftisooonU  ta^nt-hdf  ..fetal  tire,  one 
above  each  supiuprbmd  mitrgiu.  From  cacti  of  Uaweeh tens' ossifreat km  eAtend^ttpws&r'd  to  form 
the  rrresppuditig  half  $£  and  backward  to  ;fep>.  the  orbital  pinto.  The  spine  is 

o^ifitld  f rein  a  pa) r  of  win t*ers. 

fcri  chhcl  side  of  the  middle  tiri^r;  similar 
center^  oppeor  in.  the  na^al  part  and  zygr> 
ma.t:ih.pro^>w~  At  birth  the  hme  eansisis 
of  two  pieces,  separated  by  the  frontal 
Suture,  which h  b&uaJIy  olvhtertttecbv^c^f 
at  jt.^  piwf,  fey  the  eighth  year,  bur 

throughout  life.  It  is 

gecieraUy  loaintAMH^i  that  the  development . 
of  the  fflwitai  begins  at  the  end  <rf 

ijifi  first  or  begin!)  mg  of  the  .swond  year, 
but  <lriiyb>s'  rc^eail'hes,  infUchW  'thftf, 
veiOpmeht.  begins  at  -birth,  1’bV 
are  ,pf  eohsidetabl^  snub,  by  the  seventh  or 
mghth  year,  bnt  do  not  dit&m  their  fill! 
proportions  hittii  Oflyr  piiberry. 

Ar^caUiaoxiS;  7  Thfv  (^m<d  articulates 
•tri th  b/*rfcc  bonc^ .  the  ^rtinbid ,  fhe  in h- 
mpidf  the  Mv  purietaLs^  the  tWo  n^als.  the 
two  aiaviilie,  the  two  bw^nmals;  iovt  the 
fp;  V,ygoni:tiies.-'- 


'qimm 


♦.  '\r-*m{p  proves 
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The  temporal  Bone  ;.0»  Temporale,. 

The  temporal  Penes  an.'  aitrta.tfrl  at  t  he  .sales  am!  i>;tse  ,*!  the  skull.  Eudi  eoiwists 
of  f5t:<fc ;iiai$a; /Viz.,  tlte  £9«amav  the;  petrous,  mastoid,  and  tympanic  parts,  and  the 
styioid  process. 
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The  Squama  {squama  temporalis). —The  squama  forms  the  anterior  and  upper 
part  of  the  bone,  and  is  scale-like,  thin,  and  translucent. 

Surfaces. — Its  outer  surface  (Fig.  135)  is  smooth  and  convex;  it  affords  attach¬ 
ment  to  the  Temporalis  muscle,  and  forms  part  of  the  temporal  fossa;  on  its  hinder 
part  is  a  vertical  groove  for  the  middle  temporal  artery.  A  curved  line,  the  tem¬ 
poral  lime,  or  supramastoid  crest,  runs  backward  and  upward  across  its  posterior 
part;  it  senes  for  the  attachment  of  the  temporal  fascia,  and  limits  the  origin 
of  the  Temporalis  muscle.  The  boundary  between  the  squama  and  the  mastoid 
portion  of  the  bone,  as  indicated  by  traces  of  the  original  suture,  lies  about  1  cm. 
below  this  line.  Projecting  from  the  lower  part  of  the  squama  is  a  long,  arched 
process,  the  zygomatic  process.  This  process  is  at  first  directed  laterahvard,  its 
two  surfaces  looking  upward  and  downward;  it  then  appears  as  if  twisted  inward 
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Via.  135. — Left  temporal  bone.  Outer  surface. 


upon  itself,  and  runs  forward,  its  surfaces  now  looking  mediahvard  and  laterahvard. 
The  superior  border  is  long,  thin,  and  sharp,  and  serves  for  the  attachment  of  the 
temporal  fascia;  the  inferior,  short,  thick,  and  arched,  has  attached  to  it  some 
fibers  of  the  Masseter.  The  lateral  surface  is  convex  and  subcutaneous;  the  medial 
h  concave,  and  affords  attachment  to  the  Masseter.  The  anterior  end  is  deeply 
serrated  and  articulates  with  the  zygomatic  bone.  The  posterior  end  is  connected 
to  the  squama  by  two  roots,  the  anterior  and  posterior  roots.  The  posterior  root,  a 
prolongation  of  the  upper  border,  is  strongly  marked;  it  runs  backward  above  the 
external  acoustic  meatus,  and  is  continuous  with  the  temporal  line.  The  anterior 
root  continuous  with  the  lower  border,  is  short  but  broad  and  strong;  it  is  directed 
UKdialward  and  ends  in  a  rounded  eminence,  the  articular  tubercle  (eminentia 
trtmlarti).  This  tubercle  forms  the  front  boundary  of  the  mandibular  fossa, 
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and  in  the  .fresh  state  is  covered  with  cactdagcv  la  front  of  the  articdat'  tulxm^c 
is  a  small  triangular  area  which  assists  if?  forming  the  iiifraternpoJral  fossa,  this 
area  is  separated  from  the  outer  surface  of  the  squama  by  a  ridge  which  is  <■<>»{  imi- 
ous  behind  with  the  anterior  root  of  the  xvgomsU.le  process,  and  in  front,  in  the 
artrruiated  skull,  with  the  infratemporal  *  rest  on  the  great  whig  of  the  sphenoid. 
Between  the  posterior  wall  of  the  festerhal  acoustic  meatus  and  the  posterior  root 
of  the  sygon#tie  process  is  the.  area  catted  the  suprataeatal  triangle  (Mwecwen), 
or  mastoid  fossa,  through  which  an  instrument  nine  he  piislied  into  the  tympanic 
antrum  At;  the  junction  of  tfue%nte?terruot  with  the  ^gomatic  |ii«»cess  js  u:  prtK 
jeetKMi  &•«“  the  attachment  M  th$  temjJommiitKlihidar  ligament ;  and  behind  the 
anterior  rout  is  ah  oval  ifcpmteou,  forming  part,  of  the  mandibular  fossa,  tor  the 
reception  of  the  condyle  of  the  mandible.  The  mandibular  fossa  {glenoid  /owe. 
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is  bounded,  in  front  hy  fhe  arlicuiar  tubercle.  behind,  b>  the  tympauit  part  of- 
t'hfe- booty  •'wh'fehf  .it;  acoustic-  u$ ;  'it-  h  ‘d i ruled .‘info 

•two  parts  by  a  .nnmnv  slit;  the  pfitrot^paaic  liBgure  {('tVwnan  fowre):  The 
anterior  part,  formal  by  the  ;si:i  iiama,  is  smooth,  covered  in  the  fresh  state  With ; 
cart.ihige,  and  ;»ruenluu^  with  the  eoudyle  of  t  lo-  mandible.  Behind  tills  part 
of  the  fossa  is  a  small  conical  emineuee:.  this  is  the  representatn  e  of  a  pr«miineot 
tubetfle  whiehv  ■irpfotfse  mammufe  descencU  behind  the  condyle  of  thy  mandible* 
and  prtymU  the  rjaandibeJar 

fosva,  formed  by  the  tympanic  part  of  the  bone,  is  iunwiirtieijlhir^  and  ^ouietinK^ 
lodges  a  portion,  of  the  j^rofid  ghuHi.  .  The  pcun tympanl  fissure  lead-,  into  the 
middle  ear  or  tympanic  cavity;  if  lodges  the  amerinr  proves*  of  the  malleus.  nod 
transmits  .‘the* tympanic  hriineh  >af  tSn-  Internal  tuaxillW);  artery.  The  -  horda 
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tytapftfd  nerve  passes  through  a  ert r ia t  {can<>l  «j  Hugnin),  separated  f rum  the  an¬ 
terior  edge  of  the  {Rdrutympatue  fissure  by  a  thmv&tgde.ijf Ixipe  arid  iitosttd  ou 
the  lateral  side  of  the  •.•auditory  tube,  in  the  retiring ;  aright  between  the?  squama 
aid  the  petrous  portion  of  the  t«;jpurnb 
The  internal  surface  of  the  squama  (lag,  Tib)  is  concave;  it  presents  depressions 
rarresponding  to  the  convolutions  of  the  temporal  lobe  of  the  .brain,  and  grooves 
for  the  branches  of  the  muJdie  meningeal  vessels'.- 
Borders. ---The  superior  border  is  tin p,  and  bevelled  at  the  cxpuitse .of  the  internal 
yi«le,  so  as  to  overlap  the  squamous  border  of  the  parietal  bone,  fortatog  tvith 
it  the  squamosal  suture,  :  Posteriorly,  the  superior  honjer  foriro  an  {ingle,  the 
paneU)  notch,  with  the  mastoid  portion  of  the  bone. 


_ .  .  &>* dt»t 

is  thick,  serrated,  and  bevelled  at  the  expense  of  irmfer  .i$b)e  And  of 

the  outer  below,  lor  articulation  with  the  great  wipg  pf'jlfeei  -sphenoid. 

Mastoid  Portion  {pot?  mnstgidea). — The  mastoid  fortiori  forms  the  posterior 
p'jTi.  of  tiie  bone. 
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SnrtacM— Its.  outer  surface  (Fig.  li>5;  is  rough,  and  gives  attaehment  to  the 
Occipitalis  and  Aurkularis  posterior.  It  is  perforated  by  numerous  forandna  :  one 
of  these,  of  larg^  s?#,  situated  near  the  posterior  border,  is  termed  the  mastoid 
torimea;  it  transmits  a  vein  to  the  transverse  sinus  and  &  smaltbranch  of  the  occipi¬ 
tal.  artery  ip  the  dura  mfttm  ^Kr;|)ct^)p^''ghdi  siae  of  tilts  foramen  are  -very 
finable  *  k  is  not  always  present; ; som, -times  it  is  situate!  in  the  oceipitr.)  bone, 
or  in  the  suture  between  the  'temporal  and  the  oecipit%  The-  mastoid  portion  is 
continued  tielow  into  a  conical  pro|ccti<>3V,  the  rB&sfertd  process,  the  size  n.ud  form 
of  which  vary  somewhat;  it  Is  larger  in  the  male  than  tu  the  female.  This  process 
*ms  for  the  attachment  of  the  SterrjpGlftidonW'Stoideus,  Splenius  .capitis,  and 
lenghvimus  capitis.  On  the  medial  side  of  the  process  is  ii  deep  gr<«.\. . 
nrnwid  notch  (digastric- f<me),  for  the  of  the  IfigaStricUs;  uiedial  to 

this  is  %  shallow  furrow,  the  occipital  groove,  ■Which  lodges  the  occipital  artery. 
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The  inner  surface  of  the  mastoid  portion  presents  a  deep,  curved  groove,  the 
sigmoid  sulcus,  which  lodges  part  of  the  transverse  sinus;  in  it  may  be  seen  the 
opening  of  the  mastoid  foramen.  The  groove  for  the  transverse  sinus  is  separated 
from  the  innermost  of  the  mastoid  air  cells  by  a  very  thin  lamina  of  bone,  and  even 
this  may  be  partly  deficient. 

Borders. — The  superior  border  of  the  mastoid  portion  is  broad  and  serrated,  for 
articulation  with  the  mastoid  angle  of  the  parietal.  The  posterior  border,  also 
serrated,  articulates  with  the  inferior  border  of  the  occipital  between  the  lateral 
angle  and  jugular  process.  Anteriorly  the  mastoid  portion  is  fused  with  the 
descending  process  of  the  squama  above;  below  it  enters  into  the  formation  of 
the  external  acoustic  meatus  and  the  tympanic  cavity. 

A  section  of  the  mastoid  process  (Fig.  137)  shows  it  to  be  hollowed  out  into  a 
number  of  spaces,  the  mastoid  cells,  which  exhibit  the  greatest  possible  variety 
as  to  their  size  and  number.  At  the  upper  and  front  part  of  the  process  they  are 
large  and  irregular  and  contain  air,  but  toward  the  lower  part  they  diminish  in 
size,  while  those  at  the  apex  of  the  process  are  frequently  quite  small  and  contain 
marrow;  occasionally  they  are  entirely  absent,  and  the  mastoid  is  then  solid 
throughout.  In  addition  to  these  a  large  irregular  cavity  is  situated  at  the  upper 
and  front  part  of  the  bone.  It  is  called  the  tympanic  antrum,  and  must  be  distin¬ 
guished  from  the  mastoid  cells,  though  it  communicates  with  them.  Like  the  mas¬ 
toid  cells  it  is  filled  with  air  and  lined  by  a  prolongation  of  the  mucous  membrane 
of  the  tympanic  cavity,  with  which  it  communicates.  The  tympanic  antrum  is 
bounded  above  by  a  thin  plate  of  bone,  the  tegmen  tympani,  which  separates  it 
from  the  middle  fossa  of  the  base  of  the  skull;  below  by  the  mastoid  process;  later¬ 
ally  by  the  squama  just  below  the  temporal  line,  and  medially  by  the  lateral  semi¬ 
circular  canal  of  the  internal  ear  which  projects  into  its  cavity.  It  opens  in  front 
into  that  portion  of  the  tympanic  cavity  which  is  known  as  the  attic  or  epitympanic 
recess.  The  tympanic  antrum  is  a  cavity  of  some  considerable  size  at  the  time  of 
birth;  the  mastoid  air  cells  may  be  regarded  as  diverticula  from  the  antrum, 
and  begin  to  appear  at  or  before  birth;  by  the  fifth  year  they  are  well-marked, 
but  their  development  is  not  completed  until  toward  puberty. 

Petrous  Portion  (pars  petrosa  [pyramis]). — The  petrous  portion  or  pyramid  is 
pyramidal  and  is  wedged  in  at  the  base  of  the  skull  between  the  sphenoid  and 
occipital.  Directed  medialward,  forward,  and  a  little  upward,  it  presents  for 
examination  a  base,  an  apex,  three  surfaces,  and  three  angles,  and  contains,  in 
its  interior,  the  essential  parts  of  the  organ  of  hearing. 

Base. — The  base  is  fused  with  the  internal  surfaces  of  the  squama  and  mastoid 
portion. 

Apex. — The  apex,  rough  and  uneven,  is  received  into  the  angular  interval  between 
the  posterior  border  of  the  great  wing  of  the  sphenoid  and  the  basilar  part  of  the 
occipital;  it  presents  the  anterior  or  internal  orifice  of  the  carotid  canal,  and 
forms  the  postero-lateral  boundary  of  the  foramen  lacerum. 

Surfaces. — The  anterior  surface  forms  the  posterior  part  of  the  middle  fossa  of 
the  base  of  the  skull,  and  is  continuous  with  the  inner  surface  of  the  squamous 
portion,  to  which  it  is  united  by  the  petrosquamous  suture,  remains  of  which  are 
distinct  even  at  a  late  period  of  life.  It  is  marked  by  depressions  for  the  convolu¬ 
tions  of  the  brain,  and  presents  six  points  for  examination:  (1)  near  the  center, 
an  eminence  (eminentia  arcuata)  which  indicates  the  situation  of  the  superior  semi¬ 
circular  canal;  (2)  in  front  of  and  a  little  lateral  to  this  eminence,  a  depression  indi¬ 
cating  the  position  of  the  tympanic  cavity:  here  the  layer  of  bone  which  separates 
the  tympanic  from  the  cranial  cavity  is  extremely  thin,  and  is  known  as  the 
tegmen  tympani;  (3)  a  shallow  groove,  sometimes  double,  leading  lateralward  and 
backward  to  an  oblique  opening,  the  hiatus  of  the  facial  canal,  for  the  passage  of 
the  greater  superficial  petrosal  nerve  and  the  petrosal  branch  of  the  middle  men- 
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artery  ;  ii)  lateral  to  the  hiatus,  a  smaller  opening,  occasihojiljy  .sceu,'  fur 
the  p/i  >sage  of  the  lesser  superficial  petrosal  nerve  ;  (6)  near  the  apes:  or  the  bone, 
'[.be  tertninatiou  of  the  carotid  canal,  the  wall  of  which  ffilMssittiatiotr  is  deficient 
ir,  h\»i t.,  (t\i  above  this  canal  the  shallow  trigemiaif  Impression  for  t lie  reception 
of  trie  semilunar  ganglion.  '  YV ."Y  -V  ' 

The.  posterior  surface  (Fig.  Ofi)  forms  the -front- part  of  the  posterior- of 
the  base  of  tilt;  skull,  anil  is  continuous  with  the  inner  surface  of  the  mastoid 


facial  and  neousttc  nerves  ami  the  intcruai  auditory  branch  of  the  basilar  artery 

Thil  1  .  .  I  .  ■  r-  !  .-vn  1-i  #1%/.  :  .Vftliiol1  a  I  )  ..  i  I.  *  1.  1  ..  .’..'l  .  J  1  - 


u 


;4. 


HP PPI jwstenof. 
part,  In  tin-  POTtion  beneath  jtfie  crista  falciform  is  Me  three  sets  of  foramina; 
one  group,  Just  be%w  the  posterior  part  of 

the  crest,  situatetl  in  the  area  erihrosa  media,  Y“  ,  .,1 

consists  of  several  small  opening?  for  the 
Why*  to  ike  saebuk*  .  below  and  behind  this 
area  js  the  foramen  singulare,  or  opening  for 
the  nerve  to  tie:  posterior  semieircular  duet; 
in  front  of  wiullrelow  the  first  is  the  traetus 
spiralis  foraminosus,  consisting  of  a  Dumber  of 
small  spirally  arranged  oju-nittgit,  wkk'h  encircle  i 
the  canatia  centralis  cochlea;  these  opetiings^^M 
ugether  with  thb  eefttral  canal  transmit  the 
fiavos  t»>  fbe  cisthlen.  The  portion  abovY 
the  crista  faleiformis  presents  behind,  the 
area  cribroea  superior,  pierced  by-  a  scries  uf 

•unaif  openings,  for  the  passage  of  the  nert'Os  k  ftr-  J  .'$&  -  -  i>i  f4flfra.m  mo.  1  ir  vits**r»f  th.)  tumiu* 
to  the  utricle  and  the  superior  and  dotend  f  S83& 

vraieireular  .  .lucts,  and.  in  front,  the  area.  ‘  bYbd Y  ’dY;r( YiY  dYnYYS: 

facials,  with  one-  large  Opening,  the  com-  ,* 

«>f  t\iv  t'An#J  fc  #  facial  mrve  >rc»,  with  m  *h©  Cactus*. 

„  „  .  Y  -  I  -  t  -  i  HpMiiits formniiioatf*.  find.  (5")  the  curtails  «©&- 

<*<US&d&CttiS  FaHcpli,).  itehlou  the-.  SfiterM,!  iruUs  of  ib*  *ochl©u;  -ft.  ■  It»dge  aoiMn-afmg  Lh«? 

.  >  -  is  i  .  v  ■  I  I  truet.i>s  «t>milic*i^i:/4rt*;ino9ii8  from  area  crib¬ 

s' RisthYmc&t^s  ^  sm&t\  ^ht. almost  hidden  w  medu  r.  An.-,,  cni.rr.s..  n^ua,  with  in 

thill  plate  ot’fow.  Udine  U>  a  canal  ^  to  *  r'™ 

the  agaaMjuctas  yestibuli,  Jileli  ts 

»?’.irtus  eriiloiymphaticrUR  together  with  a  snuiil  artery  am!  vein.  Above  ami 
U;nv-een  those  two  openings  is  an  irregular  depresMoa  which  lodges  u  process  of 
the  dura  flatter  mid  transmits  a  small  v-eiir,  ill  the  infant  thk  depression  is  repro- 
ri  uUvl  by  o  large  fossa  >  the  Hubarcaate  fossa,  which  extends  backward  as  a  Idind 
tunael  umler  the  sli|xtriur  semioi-^ular  eaii.aL- 
Tlte  inferior  surface  (Fig.  ISM)  is  rough  and  irregular,  and  forms  part  of  the 
interior  -«^f  111 e.  base  of  the  skxilL  It  presents  eleven  points  for  cxamimition :  ( 1 ) 
apex  is  d  rough  surface,. <{U*idrijateraI  in  form,  which  serves  partly  for  the 
aMathment  of  tin.'  Levator  rdi  palatini  and  the  cartilaginous  portion  of  the  aiuli- 


BUking  n  heud,  runs  and  mediuI^Ard;^ ^  it  trausmt^  into  the 

aanium  the  jntemal  ean>feMi' tite  <?ui*.oti«i . of  uervc:s;  (3j  medial 
fothei>penmg-for  the  carotid  eurial  and  ch>?^e  to  ife p^terixir  border,  iit front. '..of  the 
jugular  fossa,  is  a  triarigukr  -depre^ipn :•  at •  the  ape:<  of  this  fo  a  small  ojx^nng,  the 
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aquseductus  cochlea,  which  lodges  a  tubular  prolongation  of  the  dura  mater  establish¬ 
ing  a  communication  between  the  perilymphatic  space  and  the  subarachnoid  space, 
and  transmits  a  vein  from  the  cochlea  to  join  the  internal  jugular;  (4)  behind  these 
openings  is  a  deep  depression,  the  jugular  fossa,  of  variable  depth  and  size  in  different 
skulls;  it  lodges  the  bulb  of  the  internal  jugular  vein;  (5)  in  the  bony  ridge  dividing 
the  carotid  canal  from  the  jugular  fossa  is  the  small  inferior  tympanic  canaliculus 
for  the  passage  of  the  tympanic  branch  of  the  glossopharyngeal  nerve;  (6)  in  the 
lateral  part  of  the  jugular  fossa  is  the  mastoid  canaliculus  for  the  entrance  of  the 
auricular  branch  of  the  vagus  nerve;  (7)  behind  the  jugular  fossa  is  a  quadrilateral 
area,  the  jugular  surface,  covered  with  cartilage  in  the  fresh  state,  and  articulating 
with  the  jugular  process  of  the  occipital  bone;  (8)  extending  backward  from  the 
carotid  canal  is  the  vaginal  process,  a  sheath-like  plate  of  bone,  which  divides 


Lev.  vdi  palatini 
Hough  quadrilateral  surface 
Opening  of  carotid  canal 
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Vaginal  process 
Styloid  process 
Stylomastoid  foramen 
Jugular  surface 
Tympanomastoid  fissure 


Fio.  139. — Left  temporal  bone.  Inferior  surface. 

behind  into  two  laminae;  the  lateral  lamina  is  continuous  with  the  tympanic  part 
of  the  bone,  the  medial  with  the  lateral  margin  of  the  jugular  surface;  (9)  between 
these  laminae  is  the  styloid  process,  a  sharp  spine,  about  2.5  cm.  in  length;  (10) 
between  the  styloid  and  mastoid  processes  is  the  stylomastoid  foramen;  it  is  the 
termination  of  the  facial  canal,  and  transmits  the  facial  nerve  and  stylomastoid 
artery;  (11)  situated  between  the  tympanic  portion  and  the  mastoid  process  is  the 
tympanomastoid  fissure,  for  the  exit  of  the  auricular  branch  of  the  vagus  nerve. 

Angles. — The  superior  angle,  the  longest,  is  grooved  for  the  superior  petrosal 
sinus,  and  gives  attachment  to  the  tentorium  cerebelli;  at  its  medial  extremity 
is  a  notch,  in  which  the  trigeminal  nerve  lies.  The  posterior  angle  is  intermediate 
in  length  between  the  superior  and  the  anterior.  Its  medial  half  is  marked  by 
a  sulcus,  which  forms,  with  a  corresponding  sulcus  on  the  occipital  bone,  the 
channel  for  the  inferior  petrosal  sinus.  Its  lateral  half  presents  an  excavation 
— the  jugular  fossa — which,  with  the  jugular  notch  on  the  occipital,  forms  the 
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jugular  foramen ;  an  eminence  occasionally  projects  from  the  center  of  the  fossa, 
and  divides  the  foramen  into  two.  The  anterior  angle  is  divided  into  two  parts 
—a  lateral  joined  to  the  squama  by  a  suture  ( petrosquamous ),  the  remains  of  which 
are  more  or  less  distinct;  a  medial,  free,  which  articulates  with  the  spinous  process 
of  the  sphenoid. 

At  the  angle  of  junction  of  the  petrous  part  and  the  squama  are  two  canals, 
one  above  the  other,  and  separated  by  a  thin  plate  of  bone,  the  septum  canalis 
mosculotubaxii  (processus  cochlear  if ormis) ;  both  canals  lead  into  the  tympanic 
cavity.  The  upper  one  (semicanalis  m .  tensoris  tympani)  transmits  the  Tensor 
tympani,  the  lower  one  (semicanalis  tubes  auditivee)  forms  the  bony  part  of  the 
auditory  tube. 

The  tympanic  cavity,  auditory  ossicles,  and  internal  ear,  are  described  with 
the  organ  of  hearing. 

Tympanic  Part  (pars  tympanica). — The  tympanic  part  is  a  curved  plate  of  bone 
lying  below  the  squama  and  in  front  of  the  mastoid  process. 

Surfaces. — Its  postero-superior  surface  is  concave,  and  forms  the  anterior  wall, 
the  floor,  and  part  of  the  posterior  wall  of  the  bony  external  acoustic  meatus. 
Medially,  it  presents  a  narrow  furrow,  the  tympanic  sulcus,  for  the  attachment 
of  the  tympanic  membrane.  Its  antero-inferior  surface  is  quadrilateral  and  slightly 
concave;  it  constitutes  the  posterior  boundary  of  the  mandibular  fossa,  and  is 
in  contact  with  the  retromandibular  part  of  the  parotid  gland. 

Borders. — Its  lateral  border  is  free  and  rough,  and  gives  attachment  to  the  car¬ 
tilaginous  part  of  the  external  acoustic  meatus.  Internally,  the  tympanic  part 
is  fused  with  the  petrous  portion,  and  appears  in  the  retreating  angle  between 
it  and  the  squama,  where  it  lies  below  and  lateral  to  the  orifice  of  the  auditory 
tube.  Posteriorly,  it  blends  with  the  squama  and  mastoid  part,  and  forms  the 
anterior  boundary  of  the  tympanomastoid  fissure.  Its  upper  border  fuses  laterally 
with  the  back  of  the  postglenoid  process,  while  medially  it  bounds  the  petro¬ 
tympanic  fissure.  The  medial  part  of  the  lower  border  is  thin  and  sharp;  its  lateral 
part  splits  to  enclose  the  root  of  the  styloid  process,  and  is  therefore  named  the 
vaginal  process.  The  central  portion  of  the  tympanic  part  is  thin,  and  in  a  consid¬ 
erable  percentage  of  skulls  is  perforated  by  a  hole,  the  foramen  of  Huschke. 

The  external  acoustic  meatus  is  nearly  2  cm.  long  and  is  directed  inward  and 
slightly  forward:  at  the  same  time  it  forms  a  slight  curve,  so  that  the  floor  of  the 
canal  is  convex  upward.  In  sagittal  section  it  presents  an  oval  or  elliptical  shape 
with  the  long  axis  directed  downward  and  slightly  backward.  Its  anterior  wall 
and  floor  and  the  lower  part  of  its  posterior  wall  are  formed  by  the  tympanic 
part;  the  roof  and  upper  part  of  the  posterior  wall  by  the  squama.  Its  inner 
end  is  closed,  in  the  recent  state,  by  the  tympanic  membrane;  the  upper  limit 
of  its  outer  orifice  is  formed  by  the  posterior  root  of  the  zygomatic  process,  imme¬ 
diately  below  which  there  is  sometimes  seen  a  small  spine,  the  suprameatal  spine, 
situated  at  the  upper  and  posterior  part  of  the  orifice. 

Styloid  Process  ( processus  styloideus). — The  styloid  process  is  slender,  pointed, 
and  of  varying  length;  it  projects  downward  and  forward,  from  the  under  surface 
of  the  temporal  bone.  Its  proximal  part  (tympanohyal)  is  ensheathed  by  the 
vaginal  process  of  the  tympanic  portion,  while  its  distal  part  (stylohyal)  gives 
attachment  to  the  stylohyoid  and  stylomandibular  ligaments,  and  to  the  Stylo¬ 
glossus,  Stylohyoideus,  and  Stylopharyngeus  muscles.  The  stylohyoid  ligament 
extends  from  the  apex  of  the  process  to  the  lesser  cornu  of  the  hyoid  bone,  and 
in  some  instances  is  partially,  in  others  completely,  ossified. 

Structure. — The  structure  of  the  squama  is  like  that  of  the  other  cranial  bones:  the  mastoid 
portion  is  spongy,  and  the  petrous  portion  dense  and  hard. 

Ossification. — The  temporal  bone  is  ossified  from  eight  centers,  exclusive  of  those  for  the  internal 
<*r  and  the  tympanic  ossicles,  viz.,  one  for  the  squama  including  the  zygomatic  process,  one  for 
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the  tympanic  part*  four  for  the  petrous  and  mastoid  parts,  and  two  for  the  styloid  process.  Just 
before  the  close  of  fetal  life  (Fig,  140)  the  temporal  bone  consists  of  three  principal  parts:  1. 
The  squatna  is  ossified  in  membrane  from  a  single  nucleus,  which  appears  near  the  root  of  the 
zygomatic  process  about  the  second  month.  2.  The  petrornastoid  part  is  developed  from  four 
centers,  which  make  their  appearance  in  the  cartilaginous  ear  capsule  about  the  fifth  or  sixth 
month.  One  ( prootic )  appears  in  the  neighborhood  of  the  eminentia  arcuata,  spreads  in  front 
and  above  the  iuternal  acoustic  meatus  and  extends  to  the  apex  of  the  bone;  it  forms  part  of  the 
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Kia  140. — The  thrw  principal  part#  of  the  tempora  bone  at  birth.  I.  Outer  surface  of  petronm-aohi  part. 
2.  Outer  Burface  of  tympanic  ring.  3.  Inner  surface  of  squama. 


cochlea,  vestibule,  superior  semicircular  canal,  and  medial  wall  of  the  tympanic  cavity.  A  second 
{opisthotic)  appears  at.  the  promontory  ori  the  medial  wall  of  the  tympanic  cavity  and  surrounds 
the  fenestra  cochlea? ;  it  forms  the  floor  of  the  tympanic  cavity  and  vestibule,  surrounds  the  carotid 
canal,  invests  the  lateral  and  lower  part  of  the  cochlea,  and  spreads  medially  below  the  internal 
acoustic  meatus.  A  third  (pteraiic)  roofs  in  the  tympanic  cavity  and  antrum;  while  the  fourth 
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( epiolic )  appears  hear  the  posterior  semicircular  canal  and  extends  to  form  the  mastoid  process 
(Vrolik).  3.  The  tympanic  ring  is  an  incomplete  circle,  in  the  concavity  of  which  is  a  groove, 
the  tympanic  sulcus,  for  the  attachment  of  the  circumference  of  the  tympanic  membrane.  This 
ring  expands  to  form  the  tympanic  part,  and  is  ossified  in  membrane  from  a  single  center  which 
appears  about  the  third  month.  The  styhyul  j/roces $  is  developed  from  the  proximal  part  of  the 
cartilage  of  the  second  branchial  or  hyoid  arch  by  two  centers:  one  for  the  proximal  part,  the 
Lympanohyal,  appears  before  birth;  the  other,  comprising  the  rest  of  the  process,  is  named  the 
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stylohyal.  and  does  not  appear  until  after  birth.  The  tympanic  ring  unites  with  the  squama 
shortly  before  birth;  the  petromastoid  part  and  squama  join  during  the  first  year  and  the  tym- 
panohyal  portion  of  the  styloid  process  about  the  same  time  (Figs.  141,  142).  The  stylohyal 
does  not  unite  with  the  rest  of  the  bone  until  after  puberty,  and  in  some  skulls  never  at  all. 

The  chief  subsequent  changes  in  the  temporal  bone  apart  from  increase  in  size  are:  (1)  The 
tympanic  ring  extends  outward  and  backward  to  form  the  tympanic  part.  This  extension  does 
not,  however,  take  place  at  an  equal  rate  all  around  the  circumference  of  the  ring,  but  occurs  most 
rapidly  on  its  anterior  and  posterior  portions,  and  these  outgrowths  meet  and  blend,  and  thus, 
for  a  time,  there  exists  in  the  floor  of  the  meatus  a  foramen,  the  foramen  of  Huschke;  this  foramen 
is  usually  closed  about  the  fifth  year,  but  may  persist  throughout  life.  (2)  The  mandibular  fossa 
is  at  first  extremely  shallow,  and  looks  lateralward  as  well  as  downward;  it  becomes  deeper  and 
is  ultimately  directed  downward.  Its  change  in  direction  is  accounted  for  as  follows.  The  part 
of  the  squama  which  forms  the  fossa  lies  at  first  below  the  level  of  the  zygomatic  process.  As, 
however,  the  base  of  the  skull  increases  in  width,  this  lower  part  of  the  squama  is  directed  hori- 
lontally  inward  to  contribute  to  the  middle  fossa  of  the  skull,  and  its  surfaces  therefore  come 
to  look  upward  and  downward;  the  attached  portion  of  the  zygomatic  process  also  becomes 
everted,  and  projects  like  a  shelf  at  right  angles  to  the  squama.  (3)  The  mastoid  portion  is  at 
first  quite  flat,  and  the  stylomastoid  foramen  and  rudimentary  styloid  process  lie  immediately 
behind  the  tympanic  ring.  With  the  development  of  the  air  cells  the  outer  part  of  the  mastoid 
portion  grows  downward  and  forward  to  form  the  mastoid  process,  and  the  styloid  process  and 
stylomastoid  foramen  now  come  to  lie  on  the  under  surface.  The  descent  of  the  foramen  is 
necessarily  accompanied  by  a  corresponding  lengthening  of  the  facial  canal.  (4)  The  downward 
and  forward  growth  of  the  mastoid  process  also  pushes  forward  the  tympanic  part,  so  that  the 
portion  of  it  which  formed  the  original  floor  of  the  meatus  and  contained  the  foramen  of  Huschke 
is  ultimately  found  in  the  anterior  wall.  (5)  The  fossa  subarcuata  becomes  filled  up  and  almost 
obliterated. 

Articulations. — The  temporal  articulates  with  jive  bones:  occipital,  parietal,  sphenoid,  mandible 
and  zygomatic. 


The  Sphenoid  Bone  (Os  Sphenoidale). 

The  sphenoid  bone  is  situated  at  the  base  of  the  skull  in  front  of  the  temporals 
and  basilar  part  of  the  occipital.  It  somewhat  resembles  a  bat  with  its  wings 
extended,  and  is  divided  into  a  median  portion  or  body,  two  great  and  two  small 
wings  extending  outward  from  the  sides  of  the  body,  and  two  pterygoid  processes 
which  project  from  it  below. 

Body  (corpus  sphenoidale ). — The  body,  more  or  less  cubical  in  shape,  is  hollowed 
out  in  its  interior  to  form  two  large  cavities,  the  sphenoidal  air  sinuses,  which  are 
separated  from  each  other  by  a  septum. 

Surfaces. — The  superior  surface  of  the  body  (Fig.  143)  presents  in  front  a  promi¬ 
nent  spine,  the  ethmoidal  spine,  for  articulation  with  the  cribriform  plate  of  the 
ethmoid;  behind  this  is  a  smooth  surface  slightly  raised  in  the  middle  line,  and 
grooved  on  either  side  for  the  olfactory  lobes  of  the  brain.  This  surface  is  bounded 
behind  by  a  ridge,  w’hieh  forms  the  anterior  border  of  a  narrow,  transverse  groove, 
the  chiasmatic  groove  ( optic  groove) ,  above  and  behind  which  lies  the  optic  chiasma; 
the  groove  ends  on  either  side  in  the  optic  foramen,  which  transmits  the  optic 
nerve  and  ophthalmic  artery  into  the  orbital  cavity.  Behind  the  chiasmatic 
groove  is  an  elevation,  the  tuberculum  sella;  and  still  more  posteriorly,  a  deep 
depression,  the  sella  turcica,  the  deepest  part  of  which  lodges  the  hypophysis 
cerebri  and  is  known  as  the  fossa  hypophyseos.  The  anterior  boundary  of  the 
sella  turcica  is  completed  by  two  small  eminences,  one  on  either  side,  called  the 
middle  clinoid  processes,  while  the  posterior  boundary  is  formed  by  a  square- 
shaped  plate  of  bone,  the  dorsum  sella,  ending  at  its  superior  angles  in  tw  o  tubercles, 
the  posterior  clinoid  processes,  the  size  and  form  of  which  vary  considerably  in 
different  individuals.  The  posterior  clinoid  processes  deepen  the  sella  turcica, 
and  give  attachment  to  the  tentorium  cerebelli.  On  either  side  of  the  dorsum 
selhe  is  a  notch  for  the  passage  of  the  abducent  nerve,  and  belowT  the  notch  a  sharp 
process,  the  petrosal  process,  which  articulates  with  the  apex  of  the  petrous  portion 
of  the  temporal  bone,  and  forms  the  medial  boundary  of  the  foramen  lacerum. 
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Behind  thr dorsum  aefte'  is a  ^lia)!o^v  tfef>re$si»>ii,  the  cIstos,  which  slopes  ohjiqiieiy 
backward,  and  is  continuDus  tyitli  the  grpuye  on  the  ImsiJ^r  pprtiou  of  the  occipital 
bdnfe ,  it  Supports  the  upper  part  of  the  p»»ns. 
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pterygoid  plates.  Above  the  attachment  of  each  great  wing  is  a  broad  groove, 
curved  something-  like  the  italic  letter  /;  it  lodges  the  internal  carotid  artery'  and 
the  c&vemnit,  sinus,  and  is.oAtned  the  carotid  groove;  .Utwn;  the  posterior  part 
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of  the  lateral  fnartiii  of  this  gr-vovc,  in  the  angle  Ivnu-on  tlx-  body  and  great  wing, 
is  p  twigb  td  bhhe,  eflfled  the  linguia. 

The  posterior  surface,  nnadnlateral  in  form  (1%,  1  f  t  1,  is  joined,  during  iiu.uu.'y 
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and  adolescence*  to  the  basilar  part  of  the  occipital  bone  by  a  plate  of  cartilage. 
Between  the  eighteenth  and  twenty-fifth  years  this  becomes  ossified*  ossification 
commencing  above  and  extending  downward. 

The  anterior  surface  of  the  body  (Fig,  145)  presents*  in  the  middle  line,  a  vertical 
crest,  the  sphenoidal  crest,  which  articulates  with  the  perpendicular  plate  of  the 
ethmoid,  and  forms  part  of  the  septum  of  the  nose.  On  either  side  of  the  crest 
is  an  irregular  opening  leading  into  the  corresponding  sphenoidal  air  sinus.  These 
sinuses  are  two  large,  irregular  cavities  hollowed  out  of  the  interior  of  the  body 
of  the  bone,  and  separated  from  one  another  by  a  bony  septum,  which  is  commonly 
bent  to  one  or  the  other  side.  They  vary  considerably  in  form  and  size,1  are 
seldom  symmetrical,  and  are  often  partially  subdivided  by  irregular  bony  laminae. 
Occasionally,  they  extend  into  the  basilar  part  of  the  occipital  nearly  as  far  as  the 
foramen  magnum.  They  begin  to  be  developed  before  birth,  and  are  of  a  consid¬ 
erable  size  by  the  age  of  six.  They  are  partially  closed,  in  front  and  below,  by  two 
thin,  curved  plates  of  bone,  the  sphenoidal  conches  (see  page  152),  leaving  in  the 
articulated  skull  a  round  openin; 


at  the  upper  part  of  each  sinus  by  which  it 
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municates  with  the  upper  and  back  part  of  the  nasal  cavity  and  occasionally  with 
the  posterior  ethmoidal  air  cells.  The  lateral  margin  of  the  anterior  surface  is 
serrated,  and  articulates  with  the  lamina  papyracea  of  the  ethmoid,  completing 
the  posterior  ethmoidal  cells;  the  lower  margin  articulates  with  the  orbital  process 
of  the  palatine  bone,  and  the  upper  with  the  orbital  plate  of  the  frontal  bone. 

The  inferior  surface  presents,  in  the  middle  line,  a  triangular  spine,  the  sphenoidal 
rostrum,  which  is  continuous  With  the  sphenoidal  crest  on  the  anterior  surface, 
aod  is  received  in  a  deep  fissure  between  the  ate  of  the  vomer.  On  either  side  of 
the  rostrum  is  a  projecting  lamina,  the  vaginal  process,  directed  medial  ward  from 
the  base  of  the  medial  pterygoid  plate,  with  which  it  will  be  described. 

The  Great  Wings  (ate  magna *). — The  great  wings,  or  ali -sphenoids,  are  two 
strong  processes  of  bone,  which  arise  from  the  sides  of  the  body,  and  are  curved 
upward,  lateralward,  and  backward;  the  posterior  part  of  each  projects  as  a  tri¬ 
angular  process  which  fits  into  the  angle  between  the  squama  and  the  petrous 


Turner  (op.  ctt.)  give*  the  following  os  their  average  raeaaurerneute;  vertical  height,  7/i  in'ch;  tjtote.ro-  posterior 
kpth.  inch;  transverse  breadth.  $4  inch. 
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portion  of  the  temporal  and  presents  at  its  apex  a  downwardly  directed  process, 
the  spina  angularis  (sphenoidal  spine). 

Surfaces. — The  superior  or  cerebral  surface  of  each  great  wing  (Fig.  143)  forms 
part  of  the  middle  fossa  of  the  skull;  it  is  deeply  concave,  and  presents  depressions 
for  the  convolutions  of  the  temporal  lobe  of  the  brain.  At  its  anterior  and  medial 
part  is  a  circular  aperture,  the  foramen  rotundum,  for  the  transmission  of  the  maxil¬ 
lary  nerve.  Behind  and  lateral  to  this  is  the  foramen  ovale,  for  the  transmission 
of  the  mandibular  nerve,  the  accessory  meningeal  artery,  and  sometimes  the 
lesser  superficial  petrosal  nerve.1  Medial  to  the  foramen  ovale,  a  small  aperture, 
the  foramen  Vesalii,  may  occasionally  be  seen  opposite  the  root  of  the  pterygoid 
process;  it  opens  below  near  the  scaphoid  fossa,  and  transmits  a  small  vein  from 
the  cavernous  sinus.  Lastly,  in  the  posterior  angle,  near  to  and  in  front  of  the  spine, 
is  a  short  canal,  sometimes  double,  the  foramen  spinosum,  which  transmits  the 
middle  meningeal  vessels  and  a  recurrent  branch  from  the  mandibular  nerve. 

The  lateral  surface  (Fig.  145)  is  convex,  and  divided  by  a  transverse  ridge,  the 
infratemporal  crest,  into  two  portions.  The  superior  or  temporal  portion,  convex 
from  above  downward,  concave  from  before  backward,  forms  a  part  of  the  tem¬ 
poral  fossa,  and  gives  attachment  to  the  Temporalis;  the  inferior  or  infratemporal, 
smaller  in  size  and  concave,  enters  into  the  formation  of  the  infratemporal  fossa, 
and,  together  with  the  infratemporal  crest,  affords  attachment  to  the  Pterygoideus 
extemus.  It  is  pierced  by  the  foramen  ovale  and  foramen  spinosum,  and  at  its 
posterior  part  is  the  spina  angularis,  which  is  frequently  grooved  on  its  medial 
surface  for  the  chorda  tympani  nerve.  To  the  spina  angularis  are  attached  the 
sphenomandibular  ligament  and  the  Tensor  veli  palatini.  Medial  to  the  anterior 
extremity  of  the  infratemporal  crest  is  a  triangular  process  which  serves  to  increase 
the  attachment  of  the  Pterygoideus  externus;  extending  downward  and  medial  ward 
from  this  process  on  to  the  front  part  of  the  lateral  pterygoid  plate  is  a  ridge  which 
forms  the  anterior  limit  of  the  infratemporal  surface,  and,  in  the  articulated  skull, 
the  posterior  boundary  of  the  pterygomaxillary  fissure. 

The  orbital  surface  of  the  great  wing  (Fig.  145),  smooth,  and  quadrilateral  in 
shape,  is  directed  forward  and  medialward  and  forms  the  posterior  part  of  the 
lateral  wall  of  the  orbit.  Its  upper  serrated  edge  articulates  with  the  orbital  plate 
of  the  frontal.  Its  inferior  rounded  border  forms  the  postero-lateral  boundary  of 
the  inferior  orbital  fissure.  Its  medial  sharp  margin  forms  the  lower  boundary 
of  the  superior  orbital  fissure  and  has  projecting  from  about  its  center  a  little 
tubercle  which  gives  attachment  to  the  inferior  head  of  the  Rectus  lateralis  oculi; 
at  the  upper  part  of  this  margin  is  a  notch  for  the  transmission  of  a  recurrent 
branch  of  the  lacrimal  artery.  Its  lateral  margin  is  serrated  and  articulates  with 
the  zygomatic  bone.  Below  the  medial  end  of  the  superior  orbital  fissure  is  a 
grooved  surface,  which  forms  the  posterior  wall  of  the  pterygopalatine  fossa, 
and  is  pierced  by  the  foramen  rotundum. 

Margin  (Fig.  143). — Commencing  from  behind,  that  portion  of  the  circum¬ 
ference  of  the  great  wing  which  extends  from  the  body  to  the  spine  is  irregular. 
Its  medial  half  forms  the  anterior  boundary  of  the  foramen  lacerum,  and  presents 
the  posterior  aperture  of  the  pterygoid  canal  for  the  passage  of  the  correspond¬ 
ing  nerve  and  artery.  Its  lateral  half  articulates,  by  means  of  a  synchondrosis, 
with  the  petrous  portion  of  the  temporal,  and  between  the  two  bones  on  the 
under  surface  of  the  skull,  is  a  furrow,  the  sulcus  tubas,  for  the  lodgement  of  the 
cartilaginous  part  of  the  auditory  tube.  In  front  of  the  spine  the  circumference 
presents  a  concave,  serrated  edge,  bevelled  at  the  expense  of  the  inner  table  below, 
and  of  the  outer  table  above,  for  articulation  with  the  temporal  squama.  At 
the  tip  of  the  great  wing  is  a  triangular  portion,  bevelled  at  the  expense  of  the 

1  The  lesser  superficial  petrosal  nerve  sometimes  passes  through  a  special  canal  ( canaliculus  innominatus  of  Arnold) 
situated  medial  to  the  foramen  spinosum. 
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internal  surface,  for  articulation  with  the  sphenoidal  angle  of  the  parietal  bone; 
this  region  is  named  the  pterion.  Medial  to  this  is  a  triangular,  serrated  surface, 
for  articulation  with  the  frontal  bone;  this  surface  is  continuous  medially  with 
the  sharp  edge,  which  forms  the  lower  boundary  of  the  superior  orbital  fissure, 
and  laterally  with  the  serrated  margin  for  articulation  with  the  zygomatic  bone. 

The  Small  Wings  (alee  parvee). — The  small  wings  or  orbito-sphenoids  are  two 
thin  triangular  plates,  which  arise  from  the  upper  and  anterior  parts  of  the  body, 
and,  projecting  lateralward,  end  in  sharp  points  (Fig.  143). 

Surfaces. — The  superior  surface  of  each  is  flat,  and  supports  part  of  the  frontal 
lobe  of  the  brain.  The  inferior  surface  forms  the  back  part  of  the  roof  of  the  orbit, 
and  the  upper  boundary  of  the  superior  orbital  fissure.  This  fissure  is  of  a  triangular 
form,  and  leads  from  the  cavity  of  the  cranium  into  that  of  the  orbit:  it  is  bounded 
medially  by  the  body;  above ,  by  the  small  wing;  below,  by  the  medial  margin  of 
the  orbital  surface  of  the  great  wing;  and  is  completed  laterally  by  the  frontal 
bone.  It  transmits  the  oculomotor,  trochlear,  and  abducent  nerves,  the  three 
branches  of  the  ophthalmic  division  of  the  trigeminal  nerve,  some  filaments  from 
the  cavernous  plexus  of  the  sympathetic,  the  orbital  branch  of  the  middle  menin¬ 
geal  artery,  a  recurrent  branch  from  the  lacrimal  artery  to  the  dura  mater,  and  the 
ophthalmic  vein. 

Borders. — The  anterior  border  is  serrated  for  articulation  with  the  frontal  bone. 
The  posterior  border,  smooth  and  rounded,  is  received  into  the  lateral  fissure  of 
the  brain ;  the  medial  end  of  this  border  forms  the  anterior  clinoid  process,  which 
gives  attachment  to  the  tentorium  cerebelli;  it  is  sometimes  joined  to  the  middle 
clinoid  process  by  a  spicule  of  bone,  and  when  this  occurs  the  termination  of  the 
groove  for  the  internal  carotid  artery  is  converted  into  a  foramen  (carotico-clinoid) . 
The  small  wing  is  connected  to  the  body  by  two  roots,  the  upper  thin  and  flat, 
the  lower  thick  and  triangular;  between  the  two  roots  is  the  optic  foramen,  for  the 
transmission  of  the  optic  nerve  and  ophthalmic  artery. 

Pterygoid  Processes  ( processus  pterygoidei) . — The  pterygoid  processes,  one  on 
either  side,  descend  perpendicularly  from  the  regions  where  the  body  and  great 
wings  unite.  Each  process  consists  of  a  medial  and  a  lateral  plate,  the  upper  parts 
of  which  are  fused  anteriorly;  a  vertical  sulcus,  the  pterygopalatine  groove,  descends 
on  the  front  of  the  line  of  fusion.  The  plates  are  separated  below  by  an  angular 
deft,  the  pterygoid  fissure,  the  margins  of  which  are  rough  for  articulation  with 
the  pyramidal  process  of  the  palatine  bone.  The  two  plates  diverge  behind  and 
enclose  betwreen  them  a  V-shaped  fossa,  the  pterygoid  fossa,  which  contains  the 
Pterygoideus  internus  and  Tensor  veli  palatini.  Above  this  fossa  is  a  small,  oval, 
shallow  depression,  the  scaphoid  fossa,  which  gives  origin  to  the  Tensor  veli  palatini. 
The  anterior  surface  of  the  pterygoid  process  is  broad  and  triangular  near  its 
root,  where  it  forms  the  posterior  wTall  of  the  pterygopalatine  fossa  and  presents 
the  anterior  orifice  of  the  pterygoid  canal. 

Lateral  Pterygoid  Plate. — The  lateral  pterygoid  plate  is  broad,  thin,  and  everted; 
its  lateral  surface  forms  part  of  the  medial  wall  of  the  infratemporal  fossa,  and 
gives  attachment  to  the  Pterygoideus  externus;  its  medial  surface  forms  part  of 
the  pterygoid  fossa,  and  gives  attachment  to  the  Pterygoideus  internus. 

Medial  Pterygoid  Plate. — The  medial  pterygoid  plate  is  narrower  and  longer 
than  the  lateral;  it  curves  lateralward  at  its  lowrer  extremity  into  a  hook-like  pro¬ 
cess,  the  pterygoid  hamulus,  around  which  the  tendon  of  the  Tensor  veli  palatini 
glides.  The  lateral  surface  of  this  plate  forms  part  of  the  pterygoid  fossa,  the 
medial  surface  constitutes  the  lateral  boundary  of  the  choana  or  posterior  aperture 
of  the  corresponding  nasal  cavity.  Superiorly  the  medial  plate  is  prolonged  on  to 
the  under  surface  of  the  body  as  a  thin  lamina,  named  the  vaginal  process,  which 
articulates  in  front  with  the  sphenoidal  process  of  the  palatine  and  behind  this 
with  the  ala  of  the  vomer.  The  angular  prominence  between  the  posterior  margin 
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of  the  vaginal  process  ami  the  medial  border  of  tlve  scaphoid  fossa  is  pa  ined  the 
pterygoid  tubercle,  -and  immediately  above  this  is  the  posterior  opening  of  the 
pterygoid  oamil.  Ori  the  under  surface  of  the  vaginal  process  is  a  furrow,’,  winch 
is  cnnv  erterf  iritn  a  canal  by  the  sphenoidal  process  of  the  palatine  hone,  for  the 
transmission  of  the  plisryngcfd  branch  Of  the  internal  maxillary  artery  and  the 
pharyngeal  nerve  frcim  the  iplienopala tine  ganglion.  The  pharyngeal  aponeurosis 
is  attached  to  the  entire  length  of  tlie  posterior  edge  of  the  medial  plate,  and  the 
Constrictor  pharVngis  superior  takes  origin  from  its  lower  third-  Projecting 
backward  from  near  file  middle  of  the  posterior  edge  of  this  plate  is  an  angular 
process,  tire  processus  tubatws.  "  hieh  supports  the  pharyngeal  end  of  the  auditory 
tube.  The  anterior  margin  of  the  plate  articulates  with  the  posterior  border  of 
the  vertical  part  of  the  palUtme  bone, 

Th*  Sphenoidal  Conch^  imm-ha*  -iphenMah.*;  xphmmUd  turbimM  proiwsex). 
—The  sphenoidal  efioehtfe  are  two  thin,  curved  plates,  situated  at  the  anterior 
and  .tower  part  of  the body  of  the  sphenoid.  An  aperture  of  Variable  size  exists 
in  the  anterior  wall  of  riiefay  and  through  tfiis  the  sphenoidal  sinus  opens  into  the 
nasal  canty.’  Each  is  irregular  in  Tor, ui,  and  tapers  to  ft  point  behind,  being  broader 
and  tinnnef  m  front  its  upper  surface  is  com^wy’^-swd  looks  ttwsrd  the  cavity 
of  the  dons;  its  under  .surface  is  convex,  and ■■  forms  part  of  the  roof  of  the  corre¬ 
sponding  menu  cavity,  Each  (tone  articulates  in  front  with  die  ethmoid,  laterally 
with  the  palatine;  its  pointed  posterior  extremity  is  placed  above  the  vomer, 
and  is  received  bet tveen  the  root  of  the  pterygoid '■p£»)Pbks  laterally  and  the  rosTriitn 
of  the  sphenoid  medially.  A  small  portion  of  the  sphenoidal  concha  sometimes 
enters  into  the  formation  of  the  medial  wall  of  the  orbit,  between  the  lamina 
papyracea  of  the  ethmoid  in  front  ,  the  orbital  plate  of  the  palatine  below ,  and  the 
frontal  bone  aboVe. 


OesiiiCAtaoD,—  Ftoiil.  the  KfWtUv  cir  eighth  rffon(.h  uf  frtai  iifV?  ihf>  body  of  the  ejfiheuoifJ  consists 
of  Iwd  pafUy  via ,i  ctoa  tent  of  tiVberctfltfiH  sella*,  fhc  pt'i^hfrn^rw'Uh  Whitoh  $hry.  email 
wfi ig&  are  ccmt^lnious;  tbciottier*  lurch**  arid  dorsum  wflV 

r»«;.  Idf/.— SijhonoM  IjfODtr  at  bint.  IWct-rior  aapent  K~>hf nCM<i  |*urt  of  the  hotly  The.  ■« (>hc- 

mrnhil  t:!tin<‘ha-  -ire  ea^h  tei# 

•'«.  n  uft-r  which  its  apiioanihce  aboUjr  the  fifth  month;1  at  birth  they rmm>l  ot  ?mn{\ 

triangular  lamuvfd  fturi  it  is  not  uni ii  the  jkhjtvl  year  that  they  fHfunio  holJbvrcd  hut  art(i  hff/U'* 
Khajitnlv  about  the  fourth  year  they  Totjo-  with  (he  labyrinths  of  nt  humid,  upti 

ninth  and  Iwelfllt  ^  uirs  I  lit  y  uithe  with  f lif  ^phemih). 

Poptephairiii.—' The  firm  otitic  mu  lei  m  e  tho:u‘ for  the*  gry/u  wmp*  >  fdi^pheneid? 1  •■.  Oue.mak^ 
il-r?  afijiharaio e  m  viifdj  tvmg  hchvc^h  (he  -iWanitTi:  r<e  Mhdmn  am)  foramen  ovule  aid  ml  tie'  eight b 
we**k.  The  orbital  t>M'r  wud'fbul  fedio*  the  >|,hohnid  which  is  found  iti  ttft/JtyfilJJjrai  tusvo  us 
well  a*  >h*>  titbuaJ  plate,,  W*  b&j&bd  in  rftmbtune  fffowcHI  «Jlvh  Vh 

for  the  jpo^l  sphenoid  .* '^T:  t fi^.^irf j^*n  aifov  ,of  tin1  s^Uu  t(it?0<Vh 

blended  *h>g.Hher  afom*  die’  muddle  of  h  *  A  l?n  f  .si  )j  trie* i ill i  r.!erygiad  iwilh  the-  t::vro.|>U<iO' 
nf  ’itc  hr<muiu*'»  is  o^iiied  in  toeml.niue,  and  its  et  ntor  probably  appear  Mmrp  ike  riirdhor  tenth 
week:  the  hamulus  hcconte  iTmmlfilit if  thuina,  live^tlurd  month,  and  nhno^i  liiidorgo^ 


interior  aapeni. 


ODi-bi*  >r«>ni  fmir  tenters, 

;  ibf  }>ir,r\  6r*f 

iQ,  vi|K.  44 
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<^%a.uo«>  /tJVe  joias  thee  lateral  pUsrygQiH  plat?  abmU'  the  sixth  *noBtiu 

.Mbouc  Mu?  Satirifr •*:<#pX&r  ajifiearsfor  *aeh  lingula  and  jmrjifi  the  mt  frf  the  bone* 

Tta  i# , orated  lo  lh%  postaphenmd  about  tjbc  eighth  -montli-,;  wxl  &tbhthffce  bone 

•*  ifi  r  bi^  < Fi$,  X#) ;  a  central  voi\&dUi%  of  -the  bo%  anti  sirutfi  wfefp;  ami  tafo 

«*$*  ruai?*r^i^  u  pt$miL<  U  ih»  f&tff  birth  i h$  great  wings 

Hf/J  t*dy  aiirf . t-bc  «uaaH .'wings.  RbtfVf  die  aptctipr  -pitfi.  *>f  fhe-tet^v  and, 

»$ete»g  vniij  oach  othcf  in  the  middle  line,  form  ho  eJevxtof  smooth  surface,  termed  thtjugnm 
*ph&«\id*i}€.  %  the  tw^DlyMifiti  y«$r  the  jjpheitoisi  &ad  ’uedpvfiif>re  completely ■  fused.  Between 
-pTi-  iind  sphenoid  there  are  muo&mtolly  the  nadaitiK . of  ** c&uaf,  the  cumli*  &uni(~ 

yk Trpwui'  through  which,  in -.early  fetal  Ufe;  the  hypophyseal  /diViWiyuhuii  \>f  the  buccal  ecto¬ 
derm  w  .t^amsrriitted,  *  \l  r  ••„  W ;  V 

Xb^  fcpheuojdal  «inu^  are  present  as  minute  uavitios  At  the  time  -of.  birth  (Guodi),  but  do  hot 
axx&m  rh»r  foil  sire  until  after  puberty . 

Intrinsic  L?4*aa*J3£s  of  ihe  Sphenoid,— The  mure  important  of  th^ee  are:  the  yltrygoHpinm^ 
mr-tehiria  hei.vtmn  the  spina  angular fa  ami  the  hiteroJ  plate:  time  rerjnimt  faxesti);  tb& 

»*4 niit&ui . .  aV  ifaprim  proceaa  joining  the  xmteriQf  trrthc  posteefu^  ctfhoid  process;  and  the 
Qsru*iLvcliuir;tft  e/anm^iug  the  anterior  to  the  middle  rluxiid  process-  Tbr.«*  ii^amvnte  o/rca- 

os?rfy- ’  ,  *  ,  ►  ■*  %  .  ,  r 

ArtkuUtjtma-^^h^  sphenoid  art  ieulate*  with  Htfjtvz  boUjesp .  ;four:  stogie*..  ih*^  voider#  otbcnoidr 
frunUl,  and  find  four  paimi,  the  pgri^tah  Xginporigl;  aygonmlfe  and  palatine* 


The  ethmoid  bone  is  exceedingly  light  and  s?Wigy,  and  cubical  in  shape;  it 
sunmed  at  the  anterior  part  of  the  base  of  the  mriium,  between  the  two  orbits* 
at  the  roof  .'of  the  nose,  ‘arid  .contributes  to  each  of  these  Vavifiesi  I  t  consists  of 
four  parts:  a  horizontal  or  cribriforaa  pia^e,  forming  part  of  the  qf  the  cranium; 
a  perpendicular  plate,  constituting  part  of  the  ua sal  septum;  and  two  lateral  masses 
c?r  labyrinths. 

Cribriform  Plate  (Jorniva  vribrom;  horizontal  lamina)  ~  The  cribriform  plate 
(fig.  147V  is  received  info  the  ethmoidal  notch  of  the  frohi&i  bone  \and '  roofs '  in 
the  nasal  mvities.  ProjeetHig  upward  from  the  middle  line  of  this  plate  is  a  thick, 
imVoth,  ^pfpcess.t;  the  erfeta  gaUb  so  c^Hed  from  its  re^eixjWanee  to  a 

mck\r  comb,  /The  jong  thin  posterior  bor*ler  ht  the  crista  ga}!{  for  the 

at u»cimmn^7l>/  ^|x  cefobri. 

It5  anfonpr  bhbler/  short  a,ml 
thick,  art with  the  froUtal 
k>ne4  and  pre^hts  t^o  3mall  pro** 
jfobnj/.  bit  reccnvetl 

i puu tl i ixi;  tl e*p x^s^ion^  in 
•  irpfi ItfN’itofe  amt  complete 
lt$j$we»  ate 
smiMh,  uiid  iroipoetjnies*  bulging 
fcvm  the  presence  of  a  small  air 
risitMn  the  interior.  On  either 
erf^a  gallx  the  ciribrJ- 
feph  plate  13  nantm  and  deeply 
sujf{/ortii,the  olfactory, 
hulh  and  fe  perfomted  by  fora-^ 
mukv  ibr  the  passage  of  the  olfoo 
n*rir;neri‘'»^7:  The  foramina  in  the 
luiddle  of  the  gr<K>ve  are  small 
:;»id  ’ 

roof  of  the  nasal  eavify  ;  those  at  the  medial  and  lateral  parts  of  the  groove  are 
Urar— the  former  transmit  the.  nerves  to.  the  upper  pun  of  the  nasal  septum, 
the  latter  those  to  the  superior  nasal  concha.  At  the  front  part,  ot  the  cribriform 


£r*i>kryvliy 


'  •••• 


.  yVv.; 


Fiu.  147  iio.MO  frotn  abov^. 
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by  articulation  with  the  sphenoidal  concha  and  orbital  process  of  the  palatine. 
The  lateral  surface  (Fig.  150)  is  formed  of  a  thin,  smooth,  oblong  plate,  the  lamina 
p&pytacea  (os  planum ),  which  covers  in  the  middle  and  posterior  ethmoidal  cells 


Ethmoidal 

alls 


Lamina 


ftotpy/'cuurar 


Perpendicular 

plate 


Unci  note  process 


Fig  150.— Ethmoid  bone  from  the  right  side 


and  forms  a  large  part  of  the  medial  wall  of  the  orbit;  it  articulates  above  with 
the  orbital  plate  of  the  frontal  bone,  below  with  the  maxilla  and  orbital  process 
of  the  palatine,  in  front  with  the  lacrimal,  and  behind  with  the  sphenoid. 

In  front  of  the  lamina  papyracea  are  some  broken  air  cells  which  are  overlapped 
and  completed  by  the  lacrimal  bone  and  the  frontal  process  of  the  maxilla.  A 


frontal  itinit* 


Cast*  t/jUr 


Sell  a  turcica 


V  net  nale 
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ethmoid 


vv-tyw 


Ifumnlnx 


Fig.  151. — Lateral  wall  of  nasal  cavity,  showing  ethmoid  boDo  in  position 


curved  lamina,  the  uncinate  process,  projects  downward  and  backward  from  this 
part  of  the  labyrinth;  it  forms  a  small  part  of  the  medial  wall  of  the  maxillary 
i&nis,  and  articulates  with  the  ethmoidal  process  of  the  inferior  nasal  concha. 
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The  medial  surface  of  the  labyrinth  (Fig.  151)  forms  part  of  the  lateral  wall 
of  the  corresponding  nasal  cavity.  It  consists  of  a  thin  lamella,  which  descends 
from  the  under  surface  of  the  cribriform  plate,  and  ends  below  in  a  free,  convoluted 
margin,  the  middle  nasal  concha.  It  is  rough,  and  marked  above  by  numerous 
grooves,  directed  nearly  vertically  downward  from  the  cribriform  plate;  they 
lodge  branches  of  the  olfactory  nerves,  which  are  distributed  to  the  mucous  mem¬ 
brane  covering  the  superior  nasal  concha.  The  back  part  of  the  surface  is  sub¬ 
divided  by  a  narrow  oblique  fissure,  the  superior  meatus  of  the  nose,  bounded  above 
by  a  thin,  curved  plate,  the  superior  nasal  concha;  the  posterior  ethmoidal  cells 
open  into  this  meatus.  Below,  and  in  front  of  the  superior  meatus,  is  the  convex 
surface  of  the  middle  nasal  concha;  it  extends  along  the  whole  length  of  the  medial 
surface  of  the  labyrinth,  and  its  lower  margin  is  free  and  thick.  The  lateral  surface 
of  the  middle  concha  is  concave,  and  assists  in  forming  the  middle  meatus  of  the 
nose.  The  middle  ethmoidal  cells  open  into  the  central  part  of  this  meatus,  and  a 
sinuous  passage,  termed  the  infundibulum,  extends  upward  and  forward  through 
the  labyrinth  and  communicates  with  the  anterior  ethmoidal  cells,  and  in  about 
50  per  cent,  of  skulls  is  continued  upward  as  the  frontonasal  duct  into  the  frontal 
sinus. 

Ossification. — The  ethmoid  is  ossified  in  the  cartilage  of  the  nasal  capsule  by  three  centers: 
one  for  the  perpendicular  plate,  and  one  for  each  labyrinth. 

The  labyrinths  are  first  developed,  ossific  granules  making  their  appearance  in  the  region  of 
the  lamina  papyracea  between  the  fourth  and  fifth  months  of  fetal  life,  and  extending  into  the 
conchae.  At  birth,  the  bone  consists  of  the  two  labyrinths,  which  are  small  and  ill-developed. 
During  the  first  year  after  birth,  the  perpendicular  plate  and  crista  galli  begin  to  ossify  from  a 
single  center,  and  are  joined  to  the  labyrinths  about  the  beginning  of  the  second  year.  The 
cribriform  plate  is  ossified  partly  from  the  perpendicular  plate  and  partly  from  the  labyrinths. 
The  development  of  the  ethmoidal  cells  begins  during  fetal  life. 

Articulations. — The  ethmoid  articulates  with  fifteen  bones:  four  of  the  cranium — the  frontal, 
the  sphenoid,  and  the  two  sphenoidal  conchae;  and  eleven  of  the  face — the  two  nasals,  two  maxillae, 
two  lacrimals,  two  palatines,  two  inferior  nasal  conchae,  and  the  vomer. 

Sutural  or  Wormian1  Bones. — In  addition  to  the  usual  centers  of  ossification  of  the  cranium, 
others  may  occur  in  the  course  of  the  sutures,  giving  rise  to  irregular,  isolated  bones,  termed 
sutural  or  Wormian  hones.  They  occur  most  frequently  in  the  course  of  the  lambdoidal  suture, 
but  are  occasionally  seen  at  the  fontanelles,  especially  the  posterior.  One,  the  pterion  ossicle , 
sometimes  exists  between  the  sphenoidal  angle  of  the  parietal  and  the  great  wing  of  the  sphenoid. 
They  have  a  tendency  to  be  more  or  less  symmetrical  on  the  two  sides  of  the  skull,  and  vary 
much  in  size.  Their  number  is  generally  limited  to  two  or  three;  but  more  than  a  hundred  have 
been  found  in  the  skull  of  an  adult  hydrocephalic  subject. 


THE  FACIAL  BONES  (OSSA  FACIEI). 

The  Nasal  Bones  (Ossa  Nasalia). 

The  nasal  bones  are  two  small  oblong  bones,  varying  in  size  and  form  in  different 
individuals;  they  are  placed  side  by  side  at  the  middle  and  upper  part  of  the  face, 
and  form,  by  their  junction,  “the  bridge”  of  the  nose  (Fig.  190).  Each  has  two 
surfaces  and  four  borders. 

Surfaces. — The  outer  surface  (Fig.  153)  is  concavoconvex  from  above  downward, 
convex  from  side  to  side;  it  is  covered  by  the  Procerus  and  Compressor  naris,  and 
perforated  about  its  center  by  a  foramen,  for  the  transmission  of  a  small  vein. 
The  inner  surface  (Fig.  154)  is  concave  from  side  to  side,  and  is  traversed  from  above 
downward,  by  a  groove  for  the  passage  of  a  branch  of  the  nasociliary  nerve. 

Borders. — The  superior  border  is  narrow,  thick,  and  serrated  for  articulation  with 
the  nasal  notch  of  the  frontal  bone.  The  inferior  border  is  thin,  and  gives  attach- 

1  Ole  Worm.  Professor  of  Anatomy  at  Copenhagen,  1624-1039,  was  erroneously  supposed  to  have  given  the  first 
detailed  description  of  these  bones. 


THE  MAXI  LIE 


135 


ment  to  the  lateral  cartilage  of  the  nose;  near  its  middle  is  a  notch  which  marks 
the  end  of  the  groove  just  referred  to.  The  lateral  border  is  serrated,  bevelled 
at  the  expense  of  the  inner  surface  above,  and  of  the  outer  below,  to  articulate 
with  the  frontal  process  of  the  maxilla.  The  medial  border,  thicker  above  than 


Fos&j  fn>  lacrimal  mic 


Infraorbital 
foramen  ■ 


Articulation  of  nai«>l  and  lacrimal  bones  with  maxilla. 


below,  articulates  with  its  fellow  of  the  opposite  side,  and  is  prolonged  behind  into 
a  vertical  crest,  which  forms  part  of  the  nasal  septum:  this  crest  articulates,  from 
above  downward,  with  the  spine  of  the  frontal,  the  perpendicular  plate  of  the 
ethmoid,  and  the  septal  cartilage  of  the  nose. 


Foramen 
for  win 


for  nerve 


r —  Flight  mijaal  bone.  Outer  surface. 


Fi<».  IM  —night  nasal  bone.  Inner  surface. 


Ossification.  —  Ear h  l>one  is  ossified  from  one  center,  which  appears  at  the  beginning  of  the 
third  month  of  fetal  life*  in  the  membrane  overlying  the  front  part  of  the  cartilaginous  nasal 
capsule 

Articulations. — The  nasal  articulates  with  four  bones:  two  of  the  cranium,  the  frontal  and 
etioxiojd,  and  two  of  the  face,  the  opposite  nasal  and  the  maxilla. 


The  M&xilte  (Upper  Jaw). 

The  maxillie  are  the  largest  bones  of  the  face,  excepting  the  mandible,  and 
form,  bv  their  union,  the  w  hole  of  the  upper  jaw  .  Each  assists  in  forming  the 
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boundaries  of  three  cavities,  viz.,  the  roof  of  the  mouth,  the  floor  and  lateral 
wall  of  the  nose  and  the  floor  of  the  orbit;  it  also  enters  into  the  formation  of  two 
fossae,  the  infratemporal  and  pterygopalatine,  and  two  fissures,  the  inferior  orbital 
and  pterygomaxillary. 

Each  bone  consists  of  a  body  and  four  processes — zygomatic,  frontal,  alveolar, 
and  palatine. 

The  Body  ( corpus  maxillae). — The  body  is  somewhat  pyramidal  in  shape,  and 
contains  a  large  cavity,  the  maxillary  sinus  {antrum  of  Highmore).  It  has  four 
surfaces — an  anterior,  a  posterior  or  infratemporal,  a  superior  or  orbital,  and  a 
medial  or  nasal. 

Surfaces. — The  anterior  surface  (Fig.  155)  is  directed  forward  and  lateralward. 
It  presents  at  its  lower  part  a  series  of  eminences  corresponding  to  the  positions 
of  the  roots  of  the  teeth.  Just  above  those  of  the  incisor  teeth  is  a  depression, 
the  incisive  fossa,  which  gives  origin  to  the  Depressor  alse  nasi;  to  the  alveolar 
border  below  the  fossa  is  attached  a  slip  of  the  Orbicularis  oris;  above  and  a  little 


lateral  to  it,  the  Nasalis  arises.  Lateral  to  the  incisive  fossa  is  another  depression, 
the  canine  fossa;  it  is  larger  and  deeper  than  the  incisive  fossa,  and  is  separated 
from  it  by  a  vertical  ridge,  the  canine  eminence,  corresponding  to  the  socket  of 
the  canine  tooth;  the  canine  fossa  gives  origin  to  the  Caninus.  Above  the  fossa 
is  the  infraorbital  foramen,  the  end  of  the  infraorbital  canal;  it  transmits  the  infra¬ 
orbital  vessels  and  nerve.  Above  the  foramen  is  the  margin  of  the  orbit,  which 
affords  attachment  to  part  of  the  Quadratus  labii  superioris.  Medially,  the  anterior 
surface  is  limited  by  a  deep  concavity,  the  nasal  notch,  the  margin  of  which  gives 
attachment  to  the  Dilatator  naris  posterior  and  ends  below  in  a  pointed  process, 
which  with  its  fellow  of  the  opposite  side  forms  the  anterior  nasal  spine. 

The  infratemporal  surface  (Fig.  155)  is  convex,  directed  backward  and  lateral- 
ward,  and  forms  part  of  the  infratemporal  fossa.  It  is  separated  from  the  anterior 
surface  by  the  zygomatic  process  and  by  a  strong  ridge,  extending  upward  from 
the  socket  of  the  first  molar  tooth.  It  is  pierced  about  its  center  by  the  apertures 
of  the  alveolar  canals,  which  transmit  the  posterior  superior  alveolar  vessels  and 
nerves.  At  the  lower  part  of  this  surface  is  a  rounded  eminence,  the  maxillary 
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tuberosity,  especially  prominent  after  the  growth  of  the  wisdom  tooth;  it  is  rough 
on  its  medial  side  for  articulation  with  the  pyramidal  process  of  the  palatine  bone 
and  in  some  cases  articulates  with  the  lateral  pterygoid  plate  of  the  sphenoid. 
It  gives  origin  to  a  few  fibers  of  the  Pterygoideus  internus.  Immediately  above 
this  is  a  smooth  surface,  which  forms  the  anterior  boundary  of  the  pterygopalatine 
fossa,  and  presents  a  groove,  for  the  maxillary  nerve;  this  groove  is  directed  lateral- 
ward  and  slightly  upward,  and  is  continuous  with  the  infraorbital  groove  on  the 
orbital  surface. 

The  orbital  surface  (Fig.  155)  is  smooth  and  triangular,  and  forms  the  greater 
part  of  the  floor  of  the  orbit.  It  is  bounded  medially  by  an  irregular  margin  which 
in  front  presents  a  notch,  the  lacrimal  notch;  behind  this  notch  the  margin  articu¬ 
lates  with  the  lacrimal,  the  lamina  papyracea  of  the  ethmoid  and  the  orbital  process 
of  the  palatine.  It  is  bounded  behind  by  a  smooth  rounded  edge  which  forms 
the  anterior  margin  of  the  inferior  orbital  fissure,  and  sometimes  articulates  at 
its  lateral  extremity  with  the  orbital  surface  of  the  great  wing  of  the  sphenoid. 


With  frontal 


It  is  limited  in  front  by  part  of  the  circumference  of  the  orbit,  which  is  continuous 
medially  with  the  frontal  process,  and  laterally  with  the  zyogmatic  process.  Near 
the  middle  of  the  posterior  part  of  the  orbital  surface  is  the  infraorbital  groove, 
for  the  passage  of  the  infraorbital  vessels  and  nerve.  The  groove  begins  at  the 
middle  of  the  posterior  border,  where  it  is  continuous  with  that  near  the  upper 
edge  of  the  infratemporal  surface,  and,  passing  forward,  ends  in  a  canal,  which 
subdivides  into  two  branches.  One  of  the  canals,  the  infraorbital  canal,  opens 
just  Wow  the  margin  of  the  orbit;  the  other,  which  is  smaller,  runs  downward  in 
the  substance  of  the  anterior  wrall  of  the  maxillary  sinus,  and  transmits  the  anterior 
superior  alveolar  vessels  and  nerve  to  the  front  teeth  of  the  maxilla.  From  the 
hack  part  of  the  infraorbital  canal,  a  second  small  canal  is  sometimes  given  off;  it 
runs  downward  in  the  lateral  wall  of  the  sinus,  and  conveys  the  middle  alveolar 
nerve  to  the  premolar  teeth.  At  the  medial  and  forepart  of  the  orbital  surface, 
just  lateral  to  the  lacrimal  groove,  is  a  depression,  which  gives  origin  to  the  Obliquus 
oculi  inferior. 
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The  nasal  surface  (Fig.  150)  presents  a  large,  irregular  opening  leading  into  the 
maxillary  sinus.  At  the  upper  border  of  this  aperture  are  some  broken  air  cells, 
which,  in  the  articulated  skull,  are  closed  in  by  the  ethmoid  and  lacrimal  bones. 
Below  the  aperture  is  a  smooth  concavity  which  forms  part  of  the  inferior  meatus 
of  the  nasal  cavity,  and  behind  it  is  a  rough  surface  for  articulation  with  the  per¬ 
pendicular  part  of  the  palatine  bone;  this  surface  is  traversed  by  a  groove,  com¬ 
mencing  near  the  middle  of  the  posterior  border  and  running  obliquely  downward 
and  forward;  the  groove  is  converted  into  a  canal,  the  pterygopalatine  canal,  by  the 
palatine  bone.  In  front  of  the  opening  of  the  sinus  is  a  deep  groove,  the  lacrimal 
groove,  which  is  converted  into  the  nasolacrimal  canal,  by  the  lacrimal  bone  and 
inferior  nasal  concha;  this  canal  opens  into  the  inferior  meatus  of  the  nose  and 
transmits  the  nasolacrimal  duct.  More  anteriorly  is  an  oblique  ridge,  the  conch&l 
crest,  for  articulation  with  the  inferior  nasal  concha.  The  shallow  concavity  above 
this  ridge  forms  part  of  the  atrium  of  the  middle  meatus  of  the  nose,  and  that 
below  it,  part  of  the  inferior  meatus. 


Frontal  am 


tpQttemor  ct.h  m otdai  foramen 
.fjrbjtgl  pf'/vetx  of  palatine  bone 
/  Opti'r.  f9ravun 

/  Sph'vapuloUuc  foramen 

!  /  fnrriea 

/  Proto  in  foramen  rotundum 


Anterior  ethmoidal 
foramen 


Fonxa  for  lam- 

W  ill  *fi£  \f 
TJnttnau  procrex  \  % 

o  f  ah  tn  o idul:  b  on  e 
Opening*  of  maxi {tary  ? 

Inferior  nasal 
ciffich  a 


Prohr  in  pterygoid  ranal 
Prt/bt  in  pterygopalatine  cana 
Palatine  bop  A 
L  fit  era-  plirjjitoid  lamina 


Pyramidal  proof**  of  pztohne  bone 


Yw.  1-57. — The  leit  maxillary  air-fetmw  Opened  from -the  lateral  aide. 


The  Maxillary  Sinus  or  Antrum  of  Highmore  (sinus  maxi  Haris)* — The  maxillary 
sinus  is  a  large  pyramidal  cavity*  within  the  body  of  the  maxilla:  its  apex,  directed 
lateralward,  is  formed  by  the  zygomatic  process;  its  base,  directed  mediahvard, 
by  the  lateral  wall  of  the  nose.  Its  walls  are  everywhere  exceedingly  thin,  and 
correspond  to  the  nasal  orbital,  anterior,  and  infratemporal  surfaces  of  the  body 
of  the  bone.  Its  nasal  wall,  or  base,  presents,  in  the  disarticulated  bone,  a  large, 
irregular  aperture,  communicating  with  the  nasal  cavity.  In  the  articulated 
skull  this  aperture  is  much  reduced  in  size  by  the  following  bones:  the  uncinate 
process  of  the  ethmoid  above,  the  ethmoidal  process  of  the  inferior  nasal  concha 
below,  the  vertical  part  of  the  palatine  behind,  and  a  small  part  of  the  lacrimal 
above  and  in  front  (Figs.  150,  157);  the  sinus  communicates  with  the  middle  meatus 
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of  the  nose,  generally  by  two  small  apertures- left  between  the  above-mentioned 
bones.  In  the  fresh  state,  usually  only  one  small  opening  exists,  near  the  upper 
part  of  the  cavity;  the  other  is  closed  by  mucous  membrane.  On  the  posterior 
will  are  the  alveolar  canals,  transmitting  the  posterior  superior  alveolar  vessels 
and  nerves  to  the  molar  teeth.  The  floor  is  formed  by  the  alveolar  process  of  the 
maxilla,  and,  if  the  sinus  be  of  an  average  size,  is  on  a  level  with  the  floor  of 
the  nose;  if  the  sinus  be  large  it  reaches  below  this  level. 

Projecting  into  the  floor  of  the  antrum  are  several  conical  processes,  correspond¬ 
ing  to  the  roots  of  the  first  and  second  molar  teeth;1  in  some  cases  the  floor  is 
perforated  by  the  fangs  of  the  teeth.  The  infraorbital  canal  usually  projects  into 
the  cavity  as  a  well-marked  ridge  extending  from  the  roof  to  the  anterior  wall ; 
additional  ridges  are  sometimes  seen  in  the  posterior  wall  of  the  cavity,  and 
are  caused  by  the  alveolar  canals.  The  size  of  the  cavity  varies  in  different  skulls, 
and  even  on  the  two  sides  of  the  same  skull.2 

The  Zygomatic  Process  (processus  zygomaticus;  malar  process ). — The  zygomatic 
process  is  a  rough  triangular  eminence,  situated  at  the  angle  of  separation  of  the 
anterior,  zygomatic,  and  orbital  surfaces.  In  front  it  forms  part  of  the  anterior 
surface;  behind ,  it  is  concave,  and  forms  part  of  the  infratemporal  fossa;  above, 
it  is  rough  and  serrated  for  articulation  with  the  zygomatic  bone;  while  below, 
it  presents  the  prominent  arched  border  which  marks  the  division  between  the 
anterior  and  infratemporal  surfaces. 

The  Frontal  Process  (processus  frontalis ;  nasal  process ). — The  frontal  process 
is  a  strong  plate,  which  projects  upward,  medialward,  and  backward,  by  the  side 
of  the  nose,  forming  part  of  its  lateral  boundary.  Its  lateral  surface  is  smooth, 
continuous  with  the  anterior  surface  of  the  body,  and  gives  attachment  to  the 
Quadratus  labii  superioris,  the  Orbicularis  oculi,  and  the  medial  palpebral  ligament. 
Its  medial  surface  forms  part  of  the  lateral  wall  of  the  nasal  cavity;  at  its  upper 
part  is  a  rough,  uneven  area,  wdiich  articulates  with  the  ethmoid,  closing  in  the 
anterior  ethmoidal  cells;  below  this  is  an  oblique  ridge,  the  ethmoidal  crest,  the 
posterior  end  of  which  articulates  with  the  middle  nasal  concha,  while  the  anterior 
part  is  termed  the  agger  nasi;  the  crest  forms  the  upper  limit  of  the  atrium  of  the 
middle  meatus.  The  upper  border  articulates  with  the  frontal  bone  and  the  anterior 
with  the  nasal;  the  posterior  border  is  thick,  and  hollowed  into  a  groove,  which  is 
continuous  below  with  the  lacrimal  groove  on  the  nasal  surface  of  the  body:  by 
the  articulation  of  the  medial  margin  of  the  groove  with  the  anterior  border  of 
the  lacrimal  a  corresponding  groove  on  the  lacrimal  is  brought  into  continuity, 
and  together  they  form  the  lacrimal  fossa  for  the  lodgement  of  the  lacrimal  sac. 
The  lateral  margin  of  the  groove  is  named  the  anterior  lacrimal  crest,  and  is  con¬ 
tinuous  below  with  the  orbital  margin;  at  its  junction  with  the  orbital  surface  is 
a  small  tubercle,  the  lacrimal  tubercle,  which  serves  as  a  guide  to  the  position  of 
the  lacrimal  sac. 

The  Alveolar  Process  (processus  alveolaris ). — The  alveolar  process  is  the  thickest 
and  most  spongy  part  of  the  bone.  It  is  broader  behind  than  in  front,  and  exca¬ 
vated  into  deep  cavities  for  the  reception  of  the  teeth.  These  cavities  are  eight 
in  number,  and  vary  in  size  and  depth  according  to  the  teeth  they  contain.  That 
for  the  canine  tooth  is  the  deepest;  those  for  the  molars  are  the  widest,  and  are 
subdivided  into  minor  cavities  by  septa;  those  for  the  incisors  are  single,  but 
deep  and  narrow.  The  Buccinator  arises  from  the  outer  surface  of  this  process, 
as  far  forward  as  the  first  molar  tooth.  When  the  maxilhe  are  articulated  w  ith  each 
other,  their  alveolar  processes  together  form  the  alveolar  arch;  the  center  of  the 
anterior  margin  of  this  arch  is  named  the  alveolar  point. 

1  The  number  of  teeth  whoee  roots  are  in  relation  with  the  floor  of  the  antrum  is  variable.  The  sinus  “may  extend 
»  m  to  be  in  relation  to  all  the  teeth  of  the  true  maxilla,  from  the  canine  to  the  dens  eapicntiv.  ”  (Salter.) 

1  Aldnen  Turner  (op.  ett.)  gives  the  following  measurements  as  those  of  an  average  sized  sinus:  vertical  height 
opposite  first  molar  tooth,  \)/%  inch;  transverse  Dreadth,  1  inch;  and  antero-posterior  depth.  1  inch. 
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The  Palatine  Process  ( processus  palatinu s;  palatal  process ). — The  palatine 
process,  thick  and  strong,  is  horizontal  and  projects  medial  ward  from  the  nasal 
surface  of  the  bone.  It  forms  a  considerable  part  of  the  floor  of  the  nose  and  the 
roof  of  the  mouth  and  is  much  thicker  in  front  than  behind.  Its  inferior  surface 
(Fig.  loS)  is  concave,  rough  and  uneven,  and  forms,  with  the  palatine  process  of 
the  opposite  bone,  the  anterior  three-fourths  of  the  hard  plate.  It  is  perforated 
by  numerous  foramina  for  the  passage  of  the  nutrient  vessels;  is  channelled  at  the 
back  part  of  its  lateral  border  by  a  groove,  sometimes  a  canal,  for  the  transmission 
of  t-lie  descending  palatine  vessels  and  the  anterior  palatine  nerve  from  the  spheno¬ 
palatine  ganglion;  and  presents  little  depressions  for  the  lodgement  of  the  palatine 
glands.  When  the  two  maxillae  are  articulated,  a  funnel-shaped  opening,  the 
incisive  foramen,  is  seen  in  the  middle  line,  immediately  behind  the  incisor  teeth. 
In  this  opening  the  orifices  of  two  lateral  canals  are  visible;  they  are  named  the 

Incisive  canals 

tvemve  foramen 

\  Foramtvv  of  Scarpa. 


\  Orrqtff  pc 

Palatine  process  cf  maxilh  lesser  painting- 

Horizontal  part  of  palatine  bone 

Fia.  1'5S. — The  boDy  palate  and  the  alveolar  arch*  Inferior  aspect, 


incisive  canals  or  foramina  of  Stenson;  through  each  of  them  passes  the  terminal 
branch  of  the  descending  palatine  artery  and  the  nasopalatine  nerve.  Occasionally 
two  additional  canals  are  present  in  the  middle  line;  they  are  termed  the  foramina 
of  Scarpa,  and  when  present  transmit  the  nasopalatine  nerves,  the  left  passing 
through  the  anterior,  and  the  right  through  the  posterior  canal.  On  the  under 
surface  of  the  palatine  process,  a  delicate  linear  suture,  well  seen  in  young  skulls* 
may  sometimes  be  noticed  extending  lateralward  and  forward  on  either  side  from 
the  incisive  foramen  to  the  interval  between  the  lateral  incisor  and  the  canine  tooth. 
The  small  part  in  front  of  this  suture  constitutes  the  premaxilla  {os  incisivum), 
which  in  most  vertebrates: forms  an  independent  bone;  it  includes  the  whole  thick¬ 
ness  of  the  alveolus,  the  corresponding  part,  of  the  floor  of  the  nose  and  the  anterior 
nasal  spine,  and  contains  the  sockets  of  the  incisor  teeth.  The  upper  surface  of 
the  palatine  process  is  concave  from  side  to  side,  smooth,  and  forms  the  greater 
part  of  the  floor  of  the  nasal  cavity.  It  presents,  close  to  its  medial  margin,  the 
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upper  orifice  of  the  incisive  canal.  The  lateral  border  of  the  process  is  incorporated 
with  the  rest  of  the  bone.  The  medial  border  is  thicker  in  front  than  behind,  and 
is  raised  above  into  a  ridge,  the  nasal  crest,  which,  with  the  corresponding  ridge 
of  the  opposite  bone,  forms  a  groove  for  the  reception  of  the  vomer.  The  front 
part  of  this  ridge  rises  to  a  considerable  height,  and  is  named  the  incisor  crest; 
it  is  prolonged  forward  into  a  sharp  process,  which  forms,  together  with  a  similar 
process  of  the  opposite  bone,  the  anterior  nasal  spine.  The  posterior  border  is  ser¬ 
rated  for  articulation  with  the  horizontal  part  of  the  palatine  bone. 

Ossification. — The  maxilla  is  ossified  in  membrane.  Mall1  and  Fawcett2  maintain  that  it  is 
ossified  from  tico  centers  only,  one  for  the  maxilla  proper  and  one  for  the  premaxilla.  These 
centers  appear  during  the  sixth  week  of  fetal  life  and  unite  in  the  beginning  of  the  third  month, 
but  the  suture  between  the  two  portions  persists  on  the  palate  until  nearly  middle  life.  Mall 
states  that  the  frontal  process  is  developed  from  both  centers.  The  maxillary  sinus  appears  as 
a  shallow  groove  on  the  nasal  surface  of  the  bone  about  the  fourth  month  of  fetal  life,  but  does 
not  reach  its  full  size  until  after  the  second  dentition.  The  maxilla  was  formerly  described  as 
ossifying  from  six  centers,  viz.,  one,  the  orbitonasal ,  forms  that  portion  of  the  body  of  the  bone 
which  lies  medial  to  the  infraorbital  canal,  including  the  medial  part  of  the  floor  of  the  orbit  and 
the  lateral  wall  of  the  nasal  cavity;  a  second,  the  zygomatic ,  gives  origin  to  the  portion  which  lies 
lateral  to  the  infraorbital  canal,  including  the  zygomatic  process;  from  a  third,  the  palatine,  is 
developed  the  palatine  process  posterior  to  the  incisive  canal  together  with  the  adjoining  part 
of  the  nasal  wall;  a  fourth,  the  premaxillary,  forms  the  incisive  bone  which  carries  the  incisor 


Fig.  139. — Anterior  surface  of  maxilla  at  birth. 


Fiq.  160. — Inferior  surface  of  maxilla  at  birth. 


teeth  and  corresponds  to  the  premaxilla  of  the  lower  vertebrates;  a  fifth,  the  nasal ,  gives  rise  to 
the  frontal  process  and  the  portion  above  the  canine  tooth;  and  a  sixth,  the  infravomerine,  lies 
between  the  palatine  and  premaxillary  centers  and  beneath  the  vomer;  this  center,  together  with 
the  corresponding  center  of  the  opposite  bone,  separates  the  incisive  canals  from  each  other. 

Articulations. — The  maxilla  articulates  with  nine  bones:  two  of  the  cranium,  the  frontal  and 
ethmoid,  and  seven  of  the  face,  viz.,  the  nasal,  zygomatic,  lacrimal,  inferior  nasal  concha,  palatine, 
vomer,  and  its  fellow  of  the  opposite  side.  Sometimes  it  articulates  with  the  orbital  surface, 
and  sometimes  with  the  lateral  pterygoid  plate  of  the  sphenoid. 

CHANGES  PRODUCED  IN  THE  MAXILLA  BY  AGE. 

At  birth  the  transverse  and  antero-posterior  diameters  of  the  bone  are  each  greater  than  the 
vertical.  The  frontal  process  is  well-marked  and  the  body  of  the  bone  consists  of  little  more  than 
the  alveolar  process,  the  teeth  sockets  reaching  almost  to  the  floor  of  the  orbit.  The  maxillary 
sinus  presents  the  appearance  of  a  furrow  on  the  lateral  wall  of  the  nose.  In  the  adult  the  vertical 
diameter  is  the  greatest,  owing  to  the  development  of  the  alveolar  process  and  the  increase  in 
si ze  of  the  sinus.  In  old  age  the  bone  reverts  in  some  measure  to  the  infantile  condition;  its 
height  is  diminished,  and  after  the  loss  of  the  teeth  the  alveolar  process  is  absorbed,  and  the 
lower  part  of  the  bone  contracted  and  reduced  in  thickness. 


The  Lacrimal  Bone  (Os  Lacrimale). 

The  lacrimal  bone,  the  smallest  and  most  fragile  bone  of  the  face,  is  situated 
at  the  front  part  of  the  medial  wall  of  the  orbit  (Fig.  162).  It  has  two  surfaces 
and  four  borders. 

1  American  Journal  of  Anatomy.  1906,  vol.  v. 

*  Journal  of  Anatomy  and  Physiology,  1911,  vol.  xlv. 
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Surfaces.— The  lateral  or  orbital  surface  (Fig.  is  divided  by  a  vertical  ridge, 
•th^. posterior  lacrimal  crest-,  iuto  two  parts.  Id  front  of  thfa  crest  fa  a  longirudmul 
grooVtV  the  lacrimal  sulcus  (jtufau#' : itiwhnpli#},-  th-e  inner  margin  nF  whfch  unites 
with  tin:  frontal  proems  of  the  .maxiifa,  and  the  lacrimal  fossa  fa  thus  eornplew-  L 
The  upper  part  u[  tins  fossa  lodges  the  lacrimal  sac-.  tJhe  lower  part,  the  nasi>- 
lacrimal  dutft/  ^nve-  portion  behind  the  mst  fa  smooth,  £rtd  forms  pan  *4  the 
medial  wall  of.  the  orbit.  The  crest,  with,  a  part  of  the  orbital  surface  imme¬ 
diately  behind  ity  gives  origin  to  the  lacrimal  part  of  the  Orbicularis  muh  u )u\ 
ends  below  in  a  small,  hoOkdike  projection,  the  lacrimal  immuks.  which  arrieti- 
fates  with  the  facrinuil  tubercle  of  the  rmixilhn  and  cuinpfotes 
tjfa  upper  orifice of tive  lacrimal  eanalc  It  sometimes 
•jSlu  il  **'i*wri'iXK'  P*-**-*-  ftutl  fa  tiicri  culled  the  teaser  lacrimal  bone. 

\  The  medial  or  nasal  surface  presents  a fougifudnml  Furrow. 

.?  1-^3^  fa  B‘  •  to  ih#  op .  the  fateraf  stifle, 

1  fafront  of  this  furrow  forms  part,  of  the  middle  mearic- oi  the 
%4  •:  nose,  that  behind  it.  articulate  witfi  theetjipi<>kU  aie.j  CM.mpb  tvs 

4  •  f,‘-  •• .  ike  itntcrmr •  ethmxudal  belfa; ; .  ’  V 

'Bord«r.Svr-*Of  the  jimr  bonier $  the  anterior  articulates  with 
‘  -  -the  front ol  process  of  the  maxilla;  the  posterior  with  the  lamina. 


of '  tJtf  ethmoid:  tlt^’  superior  with  the  frontal  dfonev 

Pui .fan  - -ioi ;  ii,ori-  The  inferior  is  rirfadedhy 'tile' lower  edge  of  the  posterior  hterfa 
Sol  .m&l"  imfotwr*  jp&^fathe  posterior  part.  articulate* with  the 

orbital  plate  of  the  .maxi  flit;  the  anterior  is  imilohg^l.ciiHvnwiird: 
as  the  descending  process,  w  hich  articulates  with  the  facriund  process  of  ttw  inferior 
nasal  concha,  and  .assists  -in  ' forming  the  canal  for  die.  nasolacrimal  duet. 

Ossification,  -  The  ImriinM  b  fo-rtu  u,  *w&te  rent tr  which  appear*  about  rijtfawcfob. 

v:;Treek-:in-  the;  rertfUjonmm  : 

Artir.aUiiions.~-Thc*  iamiuti!  articulates  with  four  bones:  i  wo  of  the  cnuiium,  the  froooi] 
aDd  ethmoid,  and  two  of  the  Facts  the  mastlta  and  the  inferior  no-sat  concha. 


The  Zygomatic  Bone  (Os  Zygomaticum;  MateiBauw), 

The  sjrgamatic  bone  is  small  and  quadrangular,  and  fa  situated  at  the  tipper 
and  fatentl  part  of  the  face:  it  forms  the  prominency  of.  the  cheek,  part  of  the 
lateral  wall  ami  &u>r  of  thr  orbit,  and  parts  a£  the  teipfjoraf  apd  infr^teiiipvirtt} 
•fossre  (Fig-  Hi2j.  It  present  a  malar  a iirl  a  temporal  surface:  four .procesM--.  (he 
fruiitosphi-iiokfah  orbit  id,  niaxilkry,  and  temporal  :  and  four  borders. 

Surfaces.— Thy  malar  surface  (Fig.  i»k‘>)  is  omvev  ant!  perforated  mar  its  (  enter 
by  a  small  aperture*  tlKv^gomftriccfadaLforamenhb^r  the  passage  of  the  zygomatic^- 
facial  nerve  and  Vessels;  below  tins  foramen  is  a  slight  elevation,  which,  qi\  es 
origin  to  the  Zygomatfauj*. 

The  temporal  surface  (Fig.  UW),  directed  backward  and  imylialward,  fa  concave, 
presenting  mrtiiully  &  rough, .triangular  area,  for  art  letila  lion  with  the  r%;oIl.v 
and  faicrally  asmeotfo  concave  surface,  the  nppeT  part  of  which  forms  the  ^mtmtisr 
fxmudurv  ofthe  temporal  fossa,  the  lower  it  pnrt  of  site  infratemporal  ffassac y  !V*ar ,v*  ■ 
the  center  uf  this surface  fa  the  uygomatscotempurat  foi&msn  t'erfahe  trai omission 
of  the  zy  m<i  t i im  >  I  <;■  ui |  > o nil  nerve. 

Processes.— The  - froutosphenoidat  process  is  thick  oud  serrated,  and  mieulates 
with  the  35ygf>matie  process  of  .the  fri.Mita)  ..bo.m\  •  •’CS.v’itj; >4rfa^r,  with jliv- 

the  orbital  margin  and  abum  li  nitQ.  Itebhv  the  ^xgmnadcdfronfol  suture  is  a 
tubercle  of  vary  tug  size  vind  form,  hut  prcM-mon  Via  per' vent,,  of  skulls  i^VhifnaiP}. 

’  .'  •  -:rv..r  $  u'vt.l  ‘ -i% >•»..?., .^-v.  v.»i  .|S  ^  Tfs  Aorut.»«jt»^  to  tnV^r»*-U*  .sr*'  • ) •'>><'** 

tigiCM/iuC  »\F  tlm  r-Cecl'ulji  i  ;theik^r.«il  'nni#*jur**H*  u(  '$&»*■'  b^vutor  jrtUp^Sne  (Sptiyf  ■ '  / 

ol  Vit*  Mt«J  <0  <l»e-  or  ifa,.  zuv^nov  .*15.^  iuthn^r 
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The  orbital  process  is  a  thick,  strong:  plate, projecting  backward  and  mediahtard- 
from  the  orbital  margin,  lis;ttnlero~m?dwJ  antfacf  i'onns,  by  its  junction  with 
the  -orbital  surface  of  the  maxilla  and  with the great ;  wdpg  :of  tjity  sphenoid.  part 
•>f  the  floor  and  lateral  w«l]  of  the  orbit.  On  it  are.  Seen  the  orifices  of  two  canals, 


. 


'Xyge.DKtpli.&i 


Fro  L«ft  tyROtaatic  bortfe  ip  ?tfu. 


the  iygoma.Ucoorbi.tai  foramina;  -one  of  these  canals  opens  into  the  temporal  fossa, 
the  other  on  the  malar  surface  of  the  bone;  the  former  transmits  the oaygonmioo- 
temporfti,  the  latter  the  zygomaticofacial  nerve.  Its  i»imTO-{ah’rnl  inirjaa:-,  smooth 
and  convex,  forms  parts  of  the  temporal  and  infratemporal  fossfib  Its  aiiliTmr 
margin,  smooth  and  rt«jUnde»i,  is  part,  of  the 


Br*  4ki  i*r  *&d  1 

t*ptKH±jtr  y 


Fip  '•! A4  •••*" ?„«*!  imp’:.  •t*rfxo*. 

margin,  rough,  a?«ci  directed  fojmtmteHy,,  arti^ilutFs  irirh  the  frontal  hemtr  behind 
the  zygomatic  process.-  It*  jmterwr  mnrqili'h *  \yiih  1M 
great  v. ifi^:  $ji  the  sphenoid  and  the  orbiuti  surface  of  (lie  maxilla.  At  the  soiyk 
of  junci’^n  ip  thfvsjdieriokl&l  and  lwaxillary'pfjrtioics,  a  short,  eonoiryev  rjoH-sirtiruia  r 


tin  bouu.  Malur  ^tirfaLUH. 
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part  b  generally  seen;  this  forms  the  anterior  lioundary  of  the  inferior  orbital  fissure  ' 
o*.*easioiially,  this  tion-artii-iiiaT  part  is  absent,  tiie  fissure  then  being  completed, 
by  tine  junction  of  the  maxilla  and  sphenoid,  or  by  the  interposition  of  a  small 
sutural  W  in  the  angular  interval  between  them..  The  maxillary  process  presenta 
a  rough,  triahguiiir  stirfeee  Which  articulates  with  the  raasilia-  The  temporal 
process,  long,  harrow,  and  serrated,  articulates  with  the-:  zygomatic  process  of  the 
temporal. 

Borders,  —The  aatero-superior  or  ort)ital  border  fe  smooth,  concave,  ami  forms 
a  considerable  part  of  the  circumference-  of  the  orbit.  The  antero-inferior  or  maxil¬ 
lary  border  is  rough,  and  bevelled  af  the  expense  of  its  inner  table,  to  urticuiact* 
with  tin  maxilla,  near  the  orbital  margin  it  gives  origin  to  the  Quadrat  us  lalai 
superior^.  The  postero-snperior  or  temporal  border,  curved  like  an  italic  letter  f, 
}s  continuous  Above  with  the  coiBinentvment  of  the  temporal  iiud,  arid  below  w  ith 
the  upper  border  of  the  zygomatic  arch;  the  temporal  fascia  is  attached  to  it. 
The  postertvinferior  or  xy^om&bc  border  affords.  Atfachuieut.  by  its  rough  edge  to 
the  Masseter.  . 


033lflcation.—,'rh>'  zygomatic  bone  Ts  gc mjrsdiy  df^cribwf  u«  ossifying  front  three  center^"- 
one  for  'the  ftiular  and  two  for  the  orbhai  portion;  the>iv-.inp.rir  About  tlu-  eighth  weeb  arid 
flbmit  the  fifth  month  of  feta!  lift.  Mall  dew-ribes  u.  sa-  being  cecrifiot.1  from  out-,  center  which 
apneore  jieff  beneath  and  to  -the  iiiterar side  of  the,  orbit.  After  birth,  the  bone  lV.swraeiimtftv. 
di tided  by  a  borizdntoi  sutrirc  iiito  !Ui  upper  larger,  and  a  lower  i-onath-r  division .’■  in  sbfpe  cjUA’i- 
mniftna  ifie^yeoniatiehonc  CoTiai#ts3l  t-R'q  parts,  ail  rjrWt.iit  iuiii  i>  liiatar  • i->;  t  • 

Articulations.— The  zygomatic  ailicidatea  with  four  bourn'  the  frontal,  ihemedul. t  inupori*] .' 
and  maxilla..-  f-.'  ■ 


i'-.'j  M&'btrwk&tfi' 
Vjt-Hfi&fy.-*!***  \ 


fyt&x 


cirtst 


Wr*  -'hniriilii.tipv  oj ‘  1*0  jitiUtiTjt;  Horn*  vjl$Jj  nuupliit. 


The  Palatine  Bone  .(Os  Paktiuum ;  Palate  S am  ) * 

The  palatine  bone  i>  situated  at  tlie  hurt  \wr\  of  the  nasti!  i^v ity  between  the 
maxi  Ik  the  ptepjsg;oi4  <Vf  ti>e*  sphenoid  (Fig\, ;F®v  Et  contributes 

?o  the  walls:  of  three  eavities:  th*'  \U^r  nnd  lateral  wall  of  the:nft^heavttyt  the 
r<W  oi  the  mouth,  and  the  floor  of  £he  orhit  ;  it  Fnfer*  the  formation  of  two 
fossae,  the  pterygopalatine  and  pterygoid  fpssa^^^iv.Qifte  .figure;  the  mferior  orbital 
fissure.  The  palatine  bone  iji’e*  k-ti^t  L,  and  tfmsists 'of-  a 

liorixi tori'!.!  umi  a  vertical  pari  and  tliree  oUlstandh^ :  pro* ’*  s- ?  i-  ..,  fk  pvnt  initial 
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process,  which  is  directed  backward  and  lateral  ward  from  the  junction  of  the  two 
parts,  and  the  orbital  and  sphenoidal  processes,  which  surmount  the  vertical 
part,  and  are  separated  by  a  deep  notch,  the  sphenopalatine  notch. 

The  Horizontal  Part  ( pars  horizontalis;  horizontal  plate)  (Figs.  166,  167). — The 
horizontal  part  is  quadrilateral,  and  has  two  surfaces  and  four  borders. 

Surfaces. — The  superior  surface,  concave  from  side  to  side,  forms  the  back  part 
of  the  floor  of  the  nasal  cavity.  The  inferior  surface,  slightly  concave  and  rough, 
forms,  with  the  corresponding  surface  of  the  opposite  bone,  the  posterior  fourth 
of  the  hard  palate.  Near  its  posterior  margin  may  be  seen  a  more  or  less  marked 
transverse  ridge  for  the  attachment  of  part  of  the  aponeurosis  of  the  Tensor  veli 
palatini. 


HORIZONTAL  PART 
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Fig  106. — Left  palatine  bone.  Nasal  aspect. 
Enlarged. 


Fig.  167. — Left  palatine  bone.  Posterior  aspect. 
Enlarged. 


Borders. — The  anterior  border  is  serrated,  and  articulates  with  the  palatine  process 
of  the  maxilla.  The  posterior  border  is  concave,  free,  and  serves  for  the  attachment 
of  the  soft  palate.  Its  medial  end  is  sharp  and  pointed,  and,  when  united  with 
that  of  the  opposite  bone,  forms  a  projecting  process,  the  posterior  nasal  spine 
for  the  attachment  of  the  Musculus  uvulae.  The  lateral  border  is  united  with 
the  lower  margin  of  the  perpendicular  part,  and  is  grooved  by  the  lower  end  of 
the  pterygopalatine  canal.  The  medial  border,  the  thickest,  is  serrated  for  articu¬ 
lation  with  its  fellow  of  the  opposite  side;  its  superior  edge  is  raised  into  a  ridge, 
which,  united  with  the  ridge  of  the  opposite  bone,  forms  the  nasal  crest  for  articu¬ 
lation  with  the  posterior  part  of  the  lower  edge  of  the  vomer. 

The  Vertical  Part  ( pars  perpendicularis;  perpendicular  plate)  (Figs.  166,  107). — - 
The  vertical  part  is  thin,  of  an  oblong  form,  and  presents  two  surfaces  and  four 
borders. 

Surfaces. — The  nasal  surface  exhibits  at  its  lower  part  a  broad,  shallow  depres¬ 
sion,  which  forms  part  of  the  inferior  meatus  of  the  nose.  Immediately  above  this 
is  a  well-marked  horizontal  ridge,  the  conchal  crest,  for  articulation  with  the 
inferior  nasal  concha;  still  higher  is  a  second  broad,  shallow  depression,  which 
forms  part  of  the  middle  meatus,  and  is  limited  above  by  a  horizontal  crest  less 
prominent  than  the  inferior,  the  ethmoidal  crest,  for  articulation  with  the  middle 
nasal  concha.  Above  the  ethmoidal  crest  is  a  narrow,  horizontal  groove,  which 
forms  part  of  the  superior  meatus. 
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The  maxillary  surface  is  rough  and  irregular  throughout  the  greater  part  of  its 
extent,  for  articulation  with  the  nasal  surface  of  the  maxilla;  its  upper  and  back 
part  is  smooth  where  it  enters  into  the  formation  of  the  pterygopalatine  fossa; 
it  is  also  smooth  in  front,  where  it  forms  the  posterior  part  of  the  medial  wall 
of  the  maxillary  sinus.  On  the  posterior  part  of  this  surface  is  a  deep  vertical 
groove,  converted  into  the  pterygopalatine  canal,  by  articulation  with  the  maxilla; 
this  canal  transmits  the  descending  palatine  vessels,  and  the  anterior  palatine 
nerve. 

Borders. — The  anterior  border  is  thin  and  irregular;  opposite  the  conchal  crest  is  a 
pointed,  projecting  lamina,  the  maxillary  process,  which  is  directed  forward,  and 
closes  in  the  lower  and  back  part  of  the  opening  of  the  maxillary  sinus.  The 
posterior  border  (Fig.  167)  presents  a  deep  groove,  the  edges  of  which  are  serrated 
for  articulation  with  the  medial  pterygoid  plate  of  the  sphenoid.  This  border 
is  continuous  above  wfith  the  sphenoidal  process;  below  it  expands  into  the 
pyramidal  process.  The  superior  border  supports  the  orbital  process  in  front  and  the 
sphenoidal  process  behind.  These  processes  are  separated  by  the  sphenopalatine 
notch,  which  is  converted  into  the  sphenopalatine  foramen  by  the  under  surface  of 
the  body  of  the  sphenoid.  In  the  articulated  skull  this  foramen  leads  from  the 
pterygopalatine  fossa  into  the  posterior  part  of  the  superior  meatus  of  the  nose, 
and  transmits  the  sphenopalatine  vessels  and  the  superior  nasal  and  nasopalatine 
nerves.  The  inferior  border  is  fused  with  the  lateral  edge  of  the  horizontal  part, 
and  immediately  in  front  of  the  pyramidal  process  is  grooved  by  the  lower  end 
of  the  pterygopalatine  canal. 

The  Pyramidal  Process  or  Tuberosity  {processus  pyramidal is). — The  pyramidal 
process  projects  backward  and  lateralward  from  the  junction  of  the  horizontal 
and  vertical  parts,  and  is  received  into  the  angular  interval  between  the  lower 
extremities  of  the  pterygoid  plates.  On  its  posterior  surface  is  a  smooth,  grooved, 
triangular  area,  limited  on  either  side  by  a  rough  articular  furrow.  The  furrows 
articulate  w  ith  the  pterygoid  plates,  w'hile  the  grooved  intermediate  area  completes 
the  lower  part  of  the  pterygoid  fossa  and  gives  origin  to  a  few  fibers  of  the  Ptery- 
goideus  internus.  The  anterior  part  of  the  lateral  surface  is  rough,  for  articulation 
with  the  tuberosity  of  the  maxilla;  its  posterior  part  consists  of  a  smooth  triangular 
area  w  hich  appears,  in  the  articulated  skull,  between  the  tuberosity  of  the  maxilla 
and  the  lower  part  of  the  lateral  pterygoid  plate,  and  completes  the  lower  part 
of  the  infratemporal  fossa.  On  the  base  of  the  pyramidal  process,  close  to  its 
union  with  the  horizontal  part,  are  the  lesser  palatine  foramina  for  the  transmis¬ 
sion  of  the  posterior  and  middle  palatine  nerves. 

The  Orbital  Process  {processus  orbitalis). — The  orbital  process  is  placed  on  a 
higher  level  than  the  sphenoidal,  and  is  directed  upward  and  lateralward  from 
the  front  of  the  vertical  part,  to  wThich  it  is  connected  by  a  constricted  neck.  It 
presents  five  surfaces,  w  hich  enclose  an  air  cell.  Of  these  surfaces,  three  are  articu¬ 
lar  and  two  non-art icular.  The  articular  surfaces  are:  (1)  the  anterior  or  maxillary, 
directed  forward,  lateralwrard,  and  downward,  of  an  oblong  form,  and  rough  for 
articulation  with  the  maxilla;  (2)  the  posterior  or  sphenoidal,  directed  backwrard, 
upward,  and  mediahvard;  it  presents  the  opening  of  the  air  cell,  w  hich  usually 
communicates  with  the  sphenoidal  sinus;  the  margins  of  the  opening  are  serrated 
for  articulation  with  the  sphenoidal  concha;  (3)  the  medial  or  ethmoidal,  directed 
forward,  articulates  w  ith  the  labyrinth  of  the  ethmoid.  In  some  cases  the  air 
cell  opens  on  this  surface  of  the  bone  and  then  communicates  with  the  posterior 
ethmoidal  cells.  .More  rarely  it  opens  on  both  surfaces,  and  then  communicates 
w  ith  the  posterior  ethmoidal  cells  and  the  sphenoidal  sinus.  The  non-articular 
surfaces  are:  (1)  the  superior  or  orbital,  directed  upward  and  lateralward;  it  is 
triangular  iji  shape,  and  forms  the  back  part  of  the  floor  of  the  orbit;  and  (2)  the 
lateral,  of  an  oblong  form,  directed  toward  the  pterygopalatine  fossa;  it  is  separated 
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from  the  orbital  surface  by  a  rounded  border,  which  enters  into  the  formation  of 
the  inferior  orbital  fissure. 

The  Sphenoidal  Process  ( processus  spherwidalis). — The  sphenoidal  process  is 
a  thin,  compressed  plate,  much  smaller  than  the  orbital,  and  directed  upward 
and  medialward.  It  presents  three  surfaces  and  two  borders.  The  superior  surface 
articulates  w  ith  the  root  of  the  pterygoid  process  and  the  under  surface  of  the 
sphenoidal  concha,  its  medial  border  reaching  as  far  as  the  ala  of  the  vomer;  it 
presents  a  groove  which  contributes  to  the  formation  of  the  pharyngeal  canal. 
The  medial  surface  is  concave,  and  forms  part  of  the  lateral  wall  of  the  nasal  cavity. 
The  lateral  surface  is  divided  into  an  articular  and  a  non-articular  portion:  the 
former  is  rough,  for  articulation  with  the  medial  pterygoid  plate;  the  latter  is 
smooth,  and  forms  part  of  the  pterygopalatine  fossa.  The  anterior  border  forms 
the  posterior  boundary  of  the  sphenopalatine  notch.  The  posterior  border,  ser¬ 
rated  at  the  expense  of  the  outer  table,  articulates  with  the  medial  pterygoid 
plate. 

The  orbital  and  sphenoidal  processes  are  separated  from  one  another  by  the 
sphenopalatine  notch.  Sometimes  the  two  processes  are  united  above,  and  form 
between  them  a  complete  foramen  (Fig.  166),  or  the  notch  may  be  crossed  by  one 
or  more  spicules  of  bone,  giving  rise  to  two  or  more  foramina. 

Ossification. — The  palatine  bone  is  ossified  in  membrane  from  a  single  center,  which  makes 
its  appearance  about  the  sixth  or  eighth  week  of  fetal  life  at  the  angle  of  junction  of  the  two  parts 
of  the  bone.  From  this  point  ossification  spreads  medialward  to  the  horizontal  part,  downward 
into  the  pyramidal  process,  and  upward  into  the  vertical  part.  Some  authorities  describe  the 
bone  as  ossifying  from  four  centers:  one  for  the  pyramidal  process  and  portion  of  the  vertical 
part  behind  the  pterygopalatine  groove;  a  second  for  the  rest  of  the  vertical  and  the  horizontal 
parts:  a  third  for  the  orbital,  and  a  fourth  for  the  sphenoidal  process.  At  the  time  of  birth  the 
height  of  the  vertical  part  is  about  equal  to  the  transverse  width  of  the  horizontal  part,  whereas 
in  the  adult  the  former  measures  about  twice  as  much  as  the  latter. 

Articulations. — The  palatine  articulates  with  six  bones:  the  sphenoid,  ethmoid,  maxilla, 
inferior  nasal  concha,  vomer,  and  opposite  palatine. 


The  Inferior  Nasal  Concha  (Concha  Nasalis  Inferior;  Inferior  Turbinated  Bone). 

The  inferior  nasal  concha  extends  horizontally  along  the  lateral  wall  of  the 
nasal  cavity  (Fig.  168)  and  consists  of  a  lamina  of  spongy  bone,  curled  upon  itself 
like  a  scroll.  It  has  two  surfaces,  two  borders,  and  two  extremities. 

The  medial  surface  (Fig.  169)  is  convex,  perforated  by  numerous  apertures, 
and  traversed  by  longitudinal  grooves  for  the  lodgement  of  vessels.  The  lateral 
surface  is  concave  (Fig.  170),  and  forms  part  of  the  inferior  meatus.  Its  upper 
border  is  thin,  irregular,  and  connected  to  various  bones  along  the  lateral  wall 
of  the  nasal  cavity.  It  may  be  divided  into  three  portions:  of  these,  the  anterior 
articulates  with  the  conchal  crest  of  the  maxilla;  the  posterior  with  the  conchal 
crest  of  the  palatine;  the  middle  portion  presents  three  well-marked  processes, 
which  vary  much  in  their  size  and  form.  Of  these,  the  anterior  or  lacrimal  process 
is  small  and  pointed  and  is  situated  at  the  junction  of  the  anterior  fourth  with 
the  posterior  three-fourths  of  the  bone:  it  articulates,  by  its  apex,  with  the  descend¬ 
ing  process  of  the  lacrimal  bone,  and,  by  its  margins,  with  the  groove  on  the  back 
of  the  frontal  process  of  the  maxilla,  and  thus  assists  in  forming  the  canal  for  the 
nasolacrimal  duct.  Behind  this  process  a  broad,  thin  plate,  the  ethmoidal  process, 
ascends  to  join  the  uncinate  process  of  the  ethmoid ;  from  its  lower  border  a  thin 
lamina,  the  maxillary  process,  curves  downward  and  lateralward;  it  articulates 
with  the  maxilla  and  forms  a  part  of  the  medial  wall  of  the  maxillary  sinus.  The 
inferior  border  is  free,  thick,  and  cellular  in  structure,  more  especially  in  the  middle 
of  the  bone.  Both  extremities  are  more  or  less  pointed,  the  posterior  being  the 
more  tapering. 
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Ossification. — The  inferior  nasal  concha  is  ossified  from  a  single  center,  which  appears  about 
the  fifth  month  of  fetal  life  in  the  lateral  wall  of  the  cartilaginous  nasal  capsule. 

Articulations. — The  inferior  nasal  concha  articulates  with  four  bones:  the  ethmoid,  rnaxilla. 
lacrimal,  and  palatine. 


Frontal 


Grula  galli 


Uncinate 
process 
qf  i  lhmoui 


OpmiTig*  into 
\  flHizilla ry  tin  us 

Mtifktl  pU.  rgy/mi  pluH 
f  d  ha  in  u.1  */.« 


Fn;  168. — Lateral  wall  of  right  nn-stii  cavity  showing  inferior  concha  in  situ. 


Flu  109. — Right  inferior  uaaaJ  concha 
Medial  surface. 


Fig.  170,— Right  inferior  nasal  concha. 
Lateral  surface 


The  Vomer. 

The  vomer  is  situated  in  the  median  plane,  but  its  anterior  portion  is  frequently 
bent  to  one  or  other  side.  It  is  thin,  somewhat  quadrilateral  in  shape,  and  forms 
the  hinder  and  lower  part  of  the  nasal  septum  (Fig.  171);  it  has  two  surfaces  and 
four  borders.  The  surfaces  (Fig.  172)  are  marked  by  small  furrows  lor  blood¬ 
vessels,  and  on  each  is  the  nasopalatine  groove,  which  runs  obliquely  downward 
and  forward,  and  lodges  the  nasopalatine  nerve  and  vessels.  The  superior  border, 
the  thickest*  presents  a  deep  furrow,  bounded  on  either  side  by  a  horizontal  pro¬ 
jecting  ala  of  bone;  the  furrow  receives  the  rostrum  of  the  sphenoid,  while  the 
margins  of  the  ala*  articulate  with  the  vaginal  processes  of  the  medial  pterygoid 
plates  of  the  sphenoid  behind,  and  with  the  sphenoidal  processes  of  the  palatine 
bones  in  front.  The  inferior  border  articulates  with  the  crest  formed  by  the  maxillae 
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and  palatine  bones^  The  anterior  border  is  the  longest  and  slopes  downward  and 
forward.  Its  upper  half  is  fused  with  the  perpendicular  plate  of  the  ethmoid; 
its  lower  half  is  grooved  for  the  inferior  margin  of  the  septal  cartilage  of  the  nose. 
The  posterior  border  is  free,  concave,  and  separates  the  choance.  It  is  thick  and 
bifid  above,  thin  below. 


Rostrum  of  fipJtettolrf 


C rfA l  of  nasal  ItoneS' 
Frontal  spine 


P f^rfitruiteulfvr  Pint* 
of  Ethmoid  a 


Spite  far  triangular i 
cartilage  of  septum^ 


Crest  of  palatines 
Crest  of  maj-ilitz 


Mwiiau  wall  of  l»fk  cavity  showing  vomer  in  silu. 


Ossification. — At  an  early  period  the  septum  of  the  nose  consists  of  a  plate  of  cartilage,  the 
rthmmxmUrMc  cartifage.  The  postero-superior  part  of  this  cartilage  is  ossified  to  form  the  per¬ 
pendicular  plate  of  the  ethmoid  ;  its  an  tero- inferior  portion  persists  as  the  septal  cartilage,  while 
the  vomer  is  ossified  in  the  membrane  covering  its  postero-inferior  part.  Two  ossifie  centers, 
one  on  either  side  of  the  middle  line,  appear  about  the  eighth  week  of  fetal  life  in  this  part  of 
the  membrane,  and  hence  the  vomer  consists  primarily  of  two  lamella.1.  About  the  third  month 


Fid.  172.  — The  vomor.  Fu;.  173.— Vomer  of  infant 

these  unite  below,  and  thus  a  deep  groove  is  formed  in  which  the  cartilage  is  lodged.  As 
growth  proceeds,  the  union  of  the  lameDze.  extends  upward  and  forward,  and  at  the  same  time  the 
intervening  plate  of  cartilage undergoes  absorption.  By  the  age  of  pubert  y  t  he  lamella:*  arc  almost 
completely  united  to  form  a  median  plate,  but  evidence  of  the  bilarninar  origin  of  the  bone  is 
seen  in  the  everted  ala:*  of  its  upper  border  and  the  groove  on  its  anterior  margin. 
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Articulations. — The  vomer  articulates  with  six  bones:  two  of  the  cranium,  the  sphenoid  and 
ethmoid;  and  four  of  the  face,  the  two  maxillae  and  the  two  palatine  bones;  it  also  articulates 
with  the  septal  cartilage  of  the  nose. 

The  Mandible  (M&ndibula;  Inferior  Maxillary  Bone;  Lower  Jaw). 

The  mandible,  the  largest  and  strongest  bone  of  the  face,  serves  for  the  reception 
of  the  lower  teeth.  It  consists  of  a  curved,  horizontal  portion,  the  body,  and  two 
perpendicular  portions,  the  rami,  which  unite  with  the  ends  of  the  body  nearly 
at  right  angles. 

The  Body  ( corpus  rmndibidai). — The  body  is  curved  somewhat  like  a  horseshoe, 
and  has  two  surfaces  and  two  borders. 

Surfaces. — The  external  surface  (Fig.  .174)  is  marked  in  the  median  line  by  a 
faint  ridge,  indicating  the  symphysis  or  line  of  junction  of  the  two  pieces  of  which 
the  bone  is  composed  at  an  early  period  of  life.  This  ridge  divides  below  and 
encloses  a  triangular  eminence,  the  mental  protuberance,  the  base  of  which  is  de¬ 


pressed  in  the  center  but  raised  on  either  side  to  form  the  mental  tubercle.  On  either 
side  of  the  symphysis,  just  below  the  incisor  teeth,  is  a  depression,  the  incisive 
fossa,  which  gives  origin  to  the  Mentalis  and  a  small  portion  of  the  Orbicularis 
oris.  Below  the  second  premolar  tooth,  on  either  side,  midway  between  the  upper 
and  lower  borders  of  the  body,  is  the  mental  foramen,  for  the  passage  of  the  mental 
vessels  and  nerve.  Running  backward  and  upward  from  each  mental  tubercle 
is  a  faint  ridge,  the  oblique  line,  which  is  continuous  with  the  anterior  border  of  the 
ramus;  it  affords  attachment  to  the  Quadratus  labii  inferioris  and  Triangularis; 
the  Platysma  is  attached  below  it. 

The  internal  surface  (Fig.  175)  is  concave  from  side  to  side.  Near  the  lower 
part  of  the  symphysis  is  a  pair  of  laterally  placed  spines,  termed  the  mental  spines, 
which  give  origin  to  the  Genioglossi.  Immediately  below  these  is  a  second  pair 
of  spines,  or  more  frequently  a  median  ridge  or  impression,  for  the  origin  of  the 
Geniohyoidei.  In  some  cases  the  mental  spines  are  fused  to  form  a  single  eminence, 
in  others  they  are  absent  and  their  position  is  indicated  merely  by  an  irregularity 
of  the  surface.  Above  the  mental  spines  a  median  foramen  and  furrow  are  some¬ 
times  seen ;  they  mark  the  line  of  union  of  the  halves  of  the  bone.  Below  the  mental 
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spines,  on  either  side  of  the  middle  line,  is  an  oval  depression  for  the  attachment 
of  the  anterior  belly  of  the  Digastricus.  Extending  upward  and  backward  on  either 
side  from  the  lower  part  of  the  symphysis  is  the  mylohyoid  line,  which  gives  origin 
to  the  Mvlohvoideus;  the  posterior  part  of  this  line,  near  the  alveolar  margin, 
gives  attachment  to  a  small  part  of  the  Constrictor  pharyngis  superior,  and  to 
the  pterygomandibular  raphe.  Above  the  anterior  part  of  this  line  is  a  smooth 
triangular  area  against  which  the  sublingual  gland  rests,  and  below  the  hinder 
part,  an  oval  fossa  for  the  submaxillary  gland. 

Borders. — The  superior  or  alveolar  border,  wider  behind  than  in  front,  is  hollowed 
into  cavities,  for  the  reception  of  the  teeth;  these  cavities  are  sixteen  in  number, 
and  vary  in  depth  and  size  according  to  the  teeth  which  they  contain.  To  the 
outer  lip  of  the  superior  border,  on  either  side,  the  Buccinator  is  attached  as 
far  forward  as  the  first  molar  tooth.  The  inferior  border  is  rounded,  longer  than 
the  superior,  and  thicker  in  front  than  behind;  at  the  point  where  it  joins  the 
lower  border  of  the  ramus  a  shallow  groove;  for  the  external  maxillary  artery, 
may  be  present. 


BODY 
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Fig.  175. — Mandible.  Inner  surface.  Side  view. 


The  Ramus  (ramus  mandibular;  perpendicular  portion). — The  ramus  is  quadri¬ 
lateral  in  shape,  and  has  twro  surfaces,  four  borders,  and  twro  processes. 

Surfaces. — The  lateral  surface  (Fig.  174)  is  flat  and  marked  by  oblique  ridges 
at  its  lower  part;  it  gives  attachment  throughout  nearly  the  whole  of  its  extent 
to  the  Masseter.  The  medial  surface  (Fig.  175)  presents  about  its  center  the  oblique 
mandibular  foramen,  for  the  entrance  of  the  inferior  alveolar  vessels  and  nerve. 
The  margin  of  this  opening  is  irregular;  it  presents  in  front  a  prominent  ridge, 
surmounted  by  a  sharp  spine,  the  lingula  mandibulae,  which  gives  attachment  to 
the  sphenomandibular  ligament;  at  its  lower  and  back  part  is  a  notch  from  which 
the  mylohyoid  groove  runs  obliquely  downward  and  forward,  and  lodges  the  mylo¬ 
hyoid  vessels  and  nerve.  Behind  this  groove  is  a  rough  surface,  for  the  insertion 
of  the  Ptervgoideus  internus.  The  mandibular  canal  runs  obliquely  downward 
and  forward  in  the  ramus,  and  then  horizontally  forward  in  the  body,  where  it 
is  placed  under  the  alveoli  and  communicates  with  them  by  small  openings.  On 
arriving  at  the  incisor  teeth,  it  turns  back  to  communicate  with  the  mental  foramen, 
giving  off  tw’o  small  canals  which  run  to  the  cavities  containing  the  incisor  teeth. 
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In  the  posterior  two-thirds  of  the  bone  the  canal  is  situated  nearer  the  internal 
surface  of  the  mandible;  and  in  the  anterior  third,  nearer  its  external  surface.  It 
contains  the  inferior  alveolar  vessels  and  nerve,  from  which  branches  are  dis¬ 
tributed  to  the  teeth.  The  lower  border  of  the  ramus  is  thick,  straight,  and  con¬ 
tinuous  with  the  inferior  border  of  the  body  of  the  bone.  At  its  junction  with  the 
posterior  border  is  the  angle  of  the  mandible,  which  may  be  either  inverted  or  everted 
and  is  marked  by  rough,  oblique  ridges  on  each  side,  for  the  attachment  of  the 
Masseter  laterally,  and  the  Pterygoideus  internus  medially;  the  stylomandibular 
ligament  is  attached  to  the  angle  between  these  muscles.  The  anterior  border  is 
thin  above,  thicker  below,  and  continuous  with  the  oblique  line.  The  posterior 
border  is  thick,  smooth,  rounded,  and  covered  by  the  parotid  gland.  The  upper 
1x>rder  is  thin,  and  is  surmounted  by  two  processes,  the  coronoid  in  front  and  the 
condyloid  behind,  separated  by  a  deep  concavity,  the  mandibular  notch. 

The  Coronoid  Process  (processus  coronoideus)  is  a  thin,  triangular  eminence, 
which  is  flattened  from  side  to  side  and  varies  in  shape  and  size.  Its  anterior 
border  is  convex  and  is  continuous  below  with  the  anterior  border  of  the  ramus; 
its  posterior  border  is  concave  and  forms  the  anterior  boundary  of  the  mandibular 
notch.  Its  lateral  surface  is  smooth,  and  affords  insertion  to  the  Temporalis  and 
Masseter.  Its  medial  surface  gives  insertion  to  the  Temporalis,  and  presents 
a  ridge  which  begins  near  the  apex  of  the  process  and  runs  downward  and  forward 
to  the  inner  side  of  the  last  molar  tooth.  Between  this  ridge  and  the  anterior 
border  is  a  grooved  triangular  area,  the  upper  part  of  which  gives  attachment 
to  the  Temporalis,  the  lower  part  to  some  fibers  of  the  Buccinator. 

The  Condyloid  Process  ( processus  condyloideus )  is  thicker  than  the  coronoid, 
and  consists  of  two  portions:  the  condyle,  and  the  constricted  portion  which  sup¬ 
ports  it,  the  neck.  The  condyle  presents  an  articular  surface  for  articulation  with 
the  articular  disk  of  the  temporomandibular  joint;  it  is  convex  from  before  back¬ 
ward  and  from  side  to  side,  and  extends  farther  on  the  posterior  than  on  the  ante¬ 
rior  surface.  Its  long  axis  is  directed  medialward  and  slightly  backward,  and  if 
prolonged  to  the  middle  line  will  meet  that  of  the  opposite  condyle  near  the  ante¬ 
rior  margin  of  the  foramen  magnum.  At  the  lateral  extremity  of  the  condyle 
is  a  small  tubercle  for  the  attachment  of  the  temporomandibular  ligament.  The 
neck  is  flattened  from  before  backward,  and  strengthened  by  ridges  which  descend 
from  the  forepart  and  sides  of  the  condyle.  Its  posterior  surface  is  convex;  its 
anterior  presents  a  depression  for  the  attachment  of  the  Pterygoideus  externus. 

The  mandibular  notch,  separating  the  two  processes,  is  a  deep  semilunar  depres¬ 
sion,  and  is  crossed  by  the  masseteric  vessels  and  nerve. 

Ossification. — The  mandible  is  ossified  in  the  fibrous  membrane  covering  the  outer  surfaces 
of  Meckel’s  cartilages.  These  cartilages  form  the  cartilaginous  bar  of  the  mandibular  arch  (see 
p.  65),  and  are  two  in  number,  a  right  and  a  left.  Their  proximal  or  cranial  ends  are  connected 
with  the  ear  capsules,  and  their  distal  extremities  are  joined  to  one  another  at  the  symphysis 
by  mesodermal  tissue.  They  run  forward  immediately  below  the  condyles  and  then,  bending 
downward,  lie  in  a  groove  near  the  lower  border  of  the  bone;  in  front  of  the  canine  tooth  they 
incline  upward  to  the  symphysis.  From  the  proximal  end  of  each  cartilage  the  malleus  and 
incus,  two  of  the  bones  of  the  middle  ear,  are  developed;  the  next  succeeding  portion,  as  far  as 
the  lingula,  is  replaced  by  fibrous  tissue,  wrhich  persists  to  form  the  sphenomandibuiar  ligament. 
Between  the  lingula  and  the  canine  tooth  the  cartilage  disappears,  while  the  portion  of  it  below 
and  behind  the  incisor  teeth  becomes  ossified  and  incorporated  with  this  part  of  the  mandible. 

Ossification  takes  place  in  the  membrane  covering  the  outer  surface  of  the  ventral  end  of 
Meckel’s  cartilage  (Figs.  176  to  170),  and  each  half  of  the  bone  is  formed  from  a  single  center 
which  appears,  near  the  mental  foramen,  about  the  sixth  week  of  fetal  life.  By  the  tenth  week 
the  portion  of  Meckel’s  cartilage  frhich  lies  below'  and  behind  the  incisor  teeth  is  surrounded  and 
invaded  by  the  membrane  bone.  Somewhat  later,  accessory  nuclei  of  cartilage  make  their  appear¬ 
ance,  viz.,  a  wedge-shaped  nucleus  in  the  condyloid  process  and  extending  downward  through 
the  ramus;  a  small  strip  along  the  anterior  border  of  the  coronoid  process;  and  smaller  nuclei 
in  the  front  part  of  both  alveolar  walls  and  along  the  front  of  the  lower  border  of  the  bone.  These 
accessory  nuclei  possess  no  separate  ossific  centers,  but  are  invaded  by  the  surrounding  membrane 
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bone  and  undergo  absorption.  Tbe  inner  alveolar  border,  usually  described  as  arising  from  a 
ossifie  center  ( splcnial  center),  is  formed  in  the  human  mandible  by  an  ingrowth  from 
rbc  mam  mass  of  the  bone.  At  birth  the  bone  consists  of  two  parts,  united  by  a  fibrous  symphysis, 
&  which  ossification  takes  place  during  the  first  year. 

The  foregoing  description  of  the  ossification  of  the  mandible  is  based  on  the  researches  of 
Lwr1  and  Fawcett,2  and  differs  somewhat  From  that  usually  given. 

Articulations. — The  mandible  articulates  with  the  two  temporal  bones. 
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CHANGES  PRODUCED  IN  THE  MANDIBLE  BY  AGE 


At  birth  (Fig.  ISO)  the  body  of  the  bone  is  a  mere  shell,  containing  the  sockets  of  the  two 
\maar,  the  canine,  and  the  two  deciduous  molar  teeth,  imperfectly  partitioned  off  from  one 
mother  The  mandibular  canal  is  of  large  size,  and  runs  near  the  lower  border  of  the  bone;  the 
tteatal  foramen  opens  beneath  the  socket  of  the  first  deciduous  molar  tooth.  The  angle  is  obtuse 
U&),  and  the  condyloid  portion  is  nearly  in  line  with  the  hotly.  The  coronoid  process  is  of 
«fl&parauvely  large  size,  and  projects  above  the  level  of  the  condyle. 

of  ih*  Anatomical  and  Anthropological  Society  uF  the  luivenuty  of  Aberdeen,  1905,  and  Journa  of 
AJUV-crs*  uj'i  Physiology,  voi  44 

T  of  the  American  Medical  Association.  September  2,  1905. 


THE  HYOID  BONE 


175 


After  birth  (Fig.  181)  the  two  segments  of  the  bone  become  joined  at  the  symphysis,  from 
below  upward,  in  the  first  year;  but  a  trace  of  separation  may  be  visible  in  the  beginning  of  the 
second  year,  near  the  alveolar  margin.  The  body  becomes  elongated  in  its  whole  length,  but 
more  especially  behind  the  mental  foramen,  to  provide  space  for  the  three  additional  teeth  devel¬ 
oped  in  this  part.  The  depth  of  the  body  increases  owing  to  increased  growth  of  the  alveolar 
part,  to  afford  room  for  the  roots  of  the  teeth,  and  by  thickening  of  the  subdental  portion  which 
enables  the  jaw  to  withstand  the  powerful  action  of  the  masticatory  muscles;  but  the  alveolar 
portion  is  the  deeper  of  the  two,  and,  consequently,  the  chief  part  of  the  body  lies  above  the 
oblique  line.  The  mandibular  canal,  after  the  second  dentition,  is  situated  just  above  the  level 
of  the  mylohyoid  line;  and  the  mental  foramen  occupies  the  position  usual  to  it  in  the  adult. 
The  angle  becomes  less  obtuse,  owing  to  the  separation  of  the  jaws  by  the  teeth;  about  the  fourth 
year  it  is  140°. 

In  the  adult  (Fig,  182)  the  alveolar  and  subdental  portions  of  the  body  are  usually  of  equal 
depth.  The  mental  foramen  opens  midway  between  the  upper  and  lower  borders  of  the  bone, 
and  the  mandibular  canal  runs  nearly  parallel  with  the  mylohyoid  line.  The  ramus  is  almost 
vertical  in  direction,  the  angle  measuring  from  110°  to  120°. 

In  old  age  (Fig.  183)  the  bone  becomes  greatly  reduced  in  size,  for  with  the  loss  of  the  teeth 
the  alveolar  process  is  absorbed,  and,  consequently,  the  chief  part  of  the  bone  is  below  the  oblique 
line.  The  mandibular  canal,  with  the  mental  foramen  opening  from  it,  is  close  to  the  alveolar 
border.  The  ramus  is  oblique  in  direction,  the  angle  measures  about  140°,  and  the  neck  of  the 
condyle  is  more  or  less  bent  backward. 


The  Hyoid  Bone  (Os  Hyoideum;  Lingual  Bone). 

The  hyoid  bone  is  shaped  like  a  horseshoe,  and  is  suspended  from  the  tips  of  the 
styloid  processes  of  the  temporal  bones  by  the  stylohyoid  ligaments.  It  consists 
of  five  segments,  viz.,  a  body,  two  greater  cornua,  and  two  lesser  cornua. 

The  Body  or  Basihyal  (corpus  oss.  hyoidei ). — The  body  or  central  part  is 
of  a  quadrilateral  form.  Its  anterior  surface  (Fig.  184)  is  convex  and  directed 
forward  and  upward.  It  is  crossed  in  its  upper  half  by  a  well-marked  transverse 
ridge  with  a  slight  downward 
convexity,  and  in  many  cases 
a  vertical  median  ridge  divides 
it  into  two  lateral  halves. 

The  portion  of  the  vertical 
ridge  above  the  transverse  line 
is  present  in  a  majority  of 
specimens,  but  the  lower  por¬ 
tion  is  evident  only  in  rare 
cases.  The  anterior  surface 
gives  insertion  to  the  Genio- 
hyoideus  in  the  greater  part 
of  its  extent  both  above  and 
below*  the  transverse  ridge;  a 
portion  of  the  origin  of  the 
Hyoglossus  notches  the  lateral 
margin  of  the  Geniohyoideus  attachment.  Below  the  transverse  ridge  the  Mylo- 
hyoideus,  Stemohyoideus,  and  Omohyoideus  are  inserted.  The  posterior  surface  is 
smooth,  concave,  directed  backward  and  downward,  and  separated  from  the  epi¬ 
glottis  by  the  hyothyroid  membrane  and  a  quantity  of  loose  areolar  tissue;  a  bursa 
intervenes  between  it  and  the  hyothyroid  membrane.  The  superior  border  is 
rounded,  and  gives  attachment  to  the  hyothyroid  membrane  and  some  aponeurotic 
fibers  of  the  Genioglossus.  The  inferior  border  affords  insertion  medially  to  the 
Stemohyoideus  and  laterally  to  the  Omohyoideus  and  occasionally  a  portion  of  the 
Thyreohyoideus.  It  also  gives  attachment  to  the  Levator  glandula?  thyreoideae, 
when  this  muscle  is  present.  In  early  life  the  lateral  borders  are  connected  to 
the  greater  cornua  by  synchondroses;  after  middle  life  usually  by  bony  union. 


DlOASTRICUS  <fc 

Stylohyoidkus 


THYREOHYoIDKUS 

OMOHYOIDEUS 


MYLOHYOIDEUS  STERNOHYOIDEU3 

Geniohyoideus  ' 

Fig.  184. — Hyoid  bone.  Anterior  surface.  Enlarged. 
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The  Greater  Cornua  or  Thyrohyals  {cornua  major  a). — The  greater  cornua 
project  backward  from  the  lateral  borders  of  the  body;  they  are  flattened  from 
above  downward  and  diminish  in  size  from  before  backward;  each  ends  in  a  tubercle 
to  which  is  fixed  the  lateral  hyothyroid  ligament.  The  upper  surface  is  rough 
close  to  its  lateral  border,  for  muscular  attachments:  the  largest  of  these  are  the 
origins  of  the  Hyoglossus  and  Constrictor  pharyngis  medius  which  extend  along 
the  whole  length  of  the  cornu;  the  Digastricus  and  Stylohyoideus  have  small 
insertions  in  front  of  these  near  the  junction  of  the  body  with  the  cornu.  To  the 
medial  border  the  hyothyroid  membrane  is  attached,  while  the  anterior  half  of  the 
lateral  border  gives  insertion  to  the  Thyreohyoideus. 

The  Lesser  Cornua  or  Ceratohyals  ( cornua  minora). — The  lesser  cornu  are  two 
small,  conical  eminences,  attached  by  their  bases  to  the  angles  of  junction  between 
the  body  and  greater  cornua.  They  are  connected  to  the  body  of  the  bone  by  fibrous 
tissue,  and  occasionally  to  the  greater  cornua  by  distinct  diarthrodial  joints, 
which  usually  persist  throughout  life,  but  occasionally  become  ankylosed. 

The  lesser  cornua  are  situated  in  the  line  of  the  transverse  ridge  on  the  body 
and  appear  to  be  morphological  continuations  of  it  (Parsons1).  The  apex  of  each 
cornu  gives  attachment  to  the  stylohyoid  ligament;2  the  Chondroglossus  rises 
from  the  medial  side  of  the  base. 

Ossification. — The  hyoid  is  ossified  from  six  centers:  two  for  the  body,  and  one  for  each  cornu. 
Ossification  commences  in  the  greater  cornua  toward  the  end  of  fetal  life,  in  the  body  shortly 
afterward,  and  in  the  lesser  cornua  during  the  first  or  second  year  after  birth. 


THE  EXTERIOR  OF  THE  SKULL. 

The  skull  as  a  whole  may  be  viewed  from  different  points,  and  the  views  so 
obtained  are  termed  the  norms  of  the  skull ;  thus,  it  may  be  examined  from  above 
(norma  verticalis),  from  below  (norma  basalis),  from  the  side  (norma  lateralis), 
from  behind  (norma  occipitalis),  or  from  the  front  (norma  frontalis). 

Norma  Verticalis. “When  viewed  from  above  the  outline  presented  varies 
greatly  in  different  skulls;  in  some  it  is  more  or  less  oval,  in  others  more  nearly 
circular.  The  surface  is  traversed  by  three  sutures,  viz.:  (1)  the  coronal  sutures, 
nearly  transverse  in  direction,  between  the  frontal  and  parietals;  (2)  the  sagittal 
sutures,  medially  placed,  between  the  parietal  bones,  and  deeply  serrated  in  its 
anterior  two-thirds;  and  (3)  the  upper  part  of  the  lambdoidal  suture,  between  the 
parietals  and  the  occipital.  The  point  of  junction  of  the  sagittal  and  coronal  suture 
is  named  the  bregma,  that  of  the  sagittal  and  lambdoid  sutures,  the  lambda;  they 
indicate  respectively  the  positions  of  the  anterior  and  posterior  fontanelles  in  the 
fetal  skull.  On  either  side  of  the  sagittal  suture  are  the  parietal  eminence  and  parietal 
foramen — the  latter,  however,  is  frequently  absent  on  one  or  both  sides.  The 
skull  is  often  somewhat  flattened  in  the  neighborhood  of  the  parietal  foramina, 
and  the  term  obelion  is  applied  to  that  point  of  the  sagittal  suture  which  is  on 
a  level  with  the  foramina.  In  front  is  the  glabella,  and  on  its  lateral  aspects  are 
the  superciliary  arches,  and  above  these  the  frontal  eminences.  Immediately  above 
the  glabella  may  be  seen  the  remains  of  the  frontal  suture;  in  a  small  percentage 
of  skulls  this  suture  persists  and  extends  along  the  middle  line  to  the  bregma. 
Passing  backward  and  upward  from  the  zygomatic  processes  of  the  frontal  bone 
are  the  temporal  lines,  which  mark  the  upper  limits  of  the  temporal  fossae.  The 
zygomatic  arches  may  or  may  not  be  seen  projecting  beyond  the  anterior  portions 
of  these  lines. 


1  See  article  on  "The  Topography  and  Morphology  of  the  Human  Hyoid  Bone,”  by  F.  G.  Parsons,  Journal  of 
Anatomy  and  Physiology,  vol.  43. 

1  These  ligaments  in  many  animals  are  distinct  bones,  and  in  man  may  undergo  partial  ossification. 
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Hbrma  Basalis  (Fig.  185). — The  inferior  surface  of  the  base  of  the  skull,  exclu¬ 
sive  of  the  mandible,  is  bounded  in  front  by  the  incisor  teeth  in  the  maxillae;  behind, 
by  the  superior  nuchal  lines  of  the  occipital;  and  laterally  by  the  alveolar  arch, 
the  lower  border  of  the  zygomatic  bone,  the  zygomatic  arch  and  an  imaginary 
line  extending  from  it  to  the  mastoid  process  and  extremity  of  the  superior  nuchal 
line  of  the  occipital.  It  is  formed  by  the  palatine  processes  of  the  maxillae  and 
palatine  bones,  the  vomer,  the  pterygoid  processes,  the  under  surfaces  of  the 
great  wings,  spinous  processes,  and  part  of  the  body  of  the  sphenoid,  the  under 
surfaces  of  the  squamae  and  mastoid  and  petrous  portions  of  the  temporals,  and 
the  under  surface  of  the  occipital  bone.  The  anterior  part  or  hard  palate  projects 
below  the  level  of  the  rest  of  the  surface,  and  is  bounded  in  front  and  laterally 
by  the  alveolar  arch  containing  the  sixteen  teeth  of  the.  maxillae.  Immediately 
behind  the  incisor  teeth  is  the  incisive  foramen.  In  this  foramen  are  two  lateral 
apertures,  the  openings  of  the  incisive  canals  (foramina  of  Stenson)  which  transmit 
the  anterior  branches  of  the  descending  palatine  vessels,  and  the  nasopalatine 
nerves.  Occasionally  two  additional  canals  are  present  in  the  incisive  foramen; 
they  are  termed  the  foramina  of  Scarpa  and  are  situated  in  the  middle  line;  when 
present  they  transmit  the  nasopalatine  nerves.  The  vault  of  the  hard  palate 
is  concave,  uneven,  perforated  by  numerous  foramina,  marked  by  depressions  for 
the  palatine  glands,  and  traversed  by  a  crucial  suture  formed  by  the  junction  of  the 
four  bones  of  which  it  is  composed.  In  the  young  skull  a  suture  may  be  seen  ex¬ 
tending  on  either  side  from  the  incisive  foramen  to  the  interval  between  the  lateral 
incisor  and  canine  teeth,  and  marking  off  the  os  incisivum  or  premaxillary  bone. 
At  either  posterior  angle  of  the  hard  palate  is  the  greater  palatine  foramen,  for  the 
transmission  of  the  descending  palatine  vessels  and  anterior  palatine  nerve;  and 
running  forward  and  medialward  from  it  a  groove,  for  the  same  vessels  and  nerve. 
Behind  the  posterior  palatine  foramen  is  the  pyramidal  process  of  the  palatine  bone, 
perforated  by  one  or  more  lesser  palatine  foramina,  and  marked  by  the  commence¬ 
ment  of  a  transverse  ridge,  for  the  attachment  of  the  tendinous  expansion  of  the 
Tensor  veli  palatini.  Projecting  backward  from  the  center  of  the  posterior  border 
of  the  hard  palate  is  the  posterior  nasal  spine,  for  the  attachment  of  the  Musculus 
uvula?.  Behind  and  above  the  hard  palate  are  the  choanas,  measuring  about 
2.5  cm.  in  their  vertical  and  1.25  cm.  in  their  transverse  diameters.  They  are 
separated  from  one  another  by  the  vomer,  and  each  is  bounded  above  by  the  body 
of  the  sphenoid,  below  by  the  horizontal  part  of  the  palatine  bone,  and  laterally 
by  the  medial  pterygoid  plate  of  the  sphenoid.  At  the  superior  border  of  the 
vomer  may  be  seen  the  expanded  aim  of  this  bone,  receiving  between  them  the  ros¬ 
trum  of  the  sphenoid.  Near  the  lateral  margins  of  the  alae  of  the  vomer,  at  the 
roots  of  the  pterygoid  processes,  are  the  pharyngeal  canals.  The  pterygoid  process 
presents  near  its  base  the  pterygoid  canal,  for  the  transmission  of  a  nerve  and  artery. 
The  medial  pterygoid  plate  is  long  and  narrow;  on  the  lateral  side  of  its  base  is  the 
scaphoid  fossa,  for  the  origin  of  the  Tensor  veli  palatini,  and  at  its  lower  extremity 
the  hamulus,  around  which  the  tendon  of  this  muscle  turns.  The  lateral  pterygoid 
plate  is  broad;  its  lateral  surface  forms  the  medial  boundary  of  the  infratemporal 
fossa,  and  affords  attachment  to  the  Pterygoideus  externus. 

Behind  the  nasal  cavities  is  the  basilar  portion  of  the  occipital  bone,  presenting 
near  its  center  the  pharyngeal  tubercle  for  the  attachment  of  the  fibrous  raphe 
of  the  pharynx,  with  depressions  on  either  side  for  the  insertions  of  the  Rectus 
capitis  anterior  and  Longus  capitis.  At  the  base  of  the  lateral  pterygoid  plate 
is  the  foramen  ovale,  for  the  transmission  of  the  mandibular  nerve,  the  accessory 
meningeal  artery',  and  sometimes  the  lesser  superficial  petrosal  nerve ;  behind  this  are 
the  foramen  spinosum  which  transmits  the  middle  meningeal  vessels,  and  the  promi¬ 
nent  spina  angularis  (sphenoidal  spine),  which  gives  attachment  to  the  spheno- 
mandibular  ligament  and  the  Tensor  veli  palatini.  Lateral  to  the  spina  angularis 
12 
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is  the  mandibular  fossa,  divided  into  two  parts  by  the  petrotympanic  fissure;  the 

anterior  portion*  concave,  smooth,  bounded  in  front  by  the  articular  tubercle, 
serves  for  the  articulation  of  the  condyle  of  the  mandible;  the  posterior  portion, 
rough  and  bounded  behind  by  the  tympanic  part  of  the  temporal,  is  sometimes 
occupied  by  a  part  of  the  parotid  gland.  Emerging  from  between  the  laminae 


Fig.  185- — The  external  surface  of  the-  lef  t  half  of  the  baee  of  the  ahull.  (Norma  ba&alis.) 


of  the  vaginal  process  of  the  tympanic  part  is  the  styloid  process;  and  at  the  base 
of  this  processes  the  stylomastoid  foramen,  for  the  exit  of  the  facial  nerve,  and 
entrance  of  the  stylomastoid  artery.  Lateral  to  the  stylomastoid  foramen,  between 
the  tympanic  part  and  the  mastoid  process,  is  the  tympanomastoid  fissure,  for  the 
auricular  branch  of  the  vagus.  Upon  the  medial  side  of  the  mastoid  process  is 
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the  great  wing  of  the  sphenoid.  This  sulcus  is  directed  lateralward  and  backward 
from  the  root  of  the  medial  pterygoid  plate  and  lodges  the  cartilaginous  part  of  the 
auditory  tube;  it  is  continuous  behind  with  the  canal  in  the  temporal  bone  which 
forms  the  bony  part  of  the  same  tube.  At  the  bottom  of  this  sulcus  is  a  narrow 
cleft,  the  petrosphenoidal  fissure,  which  is  occupied,  in  the  fresh  condition,  by  a 
plate  of  cartilage.  Behind  this  fissure  is  the  under  surface  of  the  petrous  portion 
of  the  temporal  bone,  presenting,  near  its  apex,  the  quadrilateral  rough  surface, 
part  of  which  affords  attachment  to  the  Levator  veli  palatini;  lateral  to  this  surface 
is  the  orifice  of  the  carotid  canal,  and  medial  to  it,  the  depression  leading  to  the 
aquseductus  cochleae,  the  former  transmitting  the  internal  carotid  artery  and  the 
carotid  plexus  of  the  sympathetic,  the  latter  serving  for  the  passage  of  a  vein  from 
the  cochlea.  Behind  the  carotid  canal  is  the  jugular  foramen,  a  large  aperture, 
formed  in  front  by  the  petrous  portion  of  the  temporal,  and  behind  by  the  occipital ; 
it  is  generally  larger  on  the  right  than  on  the  left  side,  and  may  be  subdivided 
into  three  compartments.  The  anterior  compartment  transmits  the  inferior 
petrosal  sinus;  the  intermediate,  the  glossopharyngeal,  vagus,  and  accessory 
nerves;  the  posterior,  the  transverse  sinus  and  some  meningeal  branches  from  the 
occipital  and  ascending  pharyngeal  arteries.  On  the  ridge  of  bone  dividing  the 
carotid  canal  from  the  jugular  foramen  is  the  inferior  tympanic  canaliculus  for 
the  transmission  of  the  tympanic  branch  of  the  glossopharyngeal  nerve;  and  on  the 
wall  of  the  jugular  foramen,  near  the  root  of  the  styloid  process,  is  the  mastoid 
canaliculus  for  the  passage  of  the  auricular  branch  of  the  vagus  nerve.  Extending 
forward  from  the  jugular  foramen  to  the  foramen  lacerum  is  the  petrooccipital  fissure 
occupied,  in  the  fresh  state,  by  a  plate  of  cartilage.  Behind  the  basilar  portion 
of  the  occipital  bone  is  the  foramen  magnum,  bounded  laterally  by  the  occipital 
condyles,  the  medial  sides  of  which  are  rough  for  the  attachment  of  the  alar 
ligaments.  Lateral  to  each  condyle  is  the  jugular  process  which  gives  attachment 
to  the  Rectus  capitis  lateralis  muscle  and  the  lateral  atlantooccipital  ligament. 
The  foramen  magnum  transmits  the  medulla  oblongata  and  its  membranes,  the 
accessory  nerves,  the  vertebral  arteries,  the  anterior  and  posterior  spinal  arteries, 
and  the  ligaments  connecting  the  occipital  bone  with  the  axis.  The  mid-points 
on  the  anterior  and  posterior  margins  of  the  foramen  magnum  are  respectively 
termed  the  basion  and  the  opisthion.  In  the  front  of  each  condyle  is  the  canal  for 
the  passage  of  the  hypoglossal  nerve  and  a  meningeal  artery.  Behind  each  condyle 
is  the  condyloid  fossa,  perforated  on  one  or  both  sides  by  the  condyloid  canal,  for 
the  transmission  of  a  vein  from  the  transverse  sinus.  Behind  the  foramen  magnum 
is  the  median  nuchal  line  ending  above  at  the  external  occipital  protuberance,  while 
on  either  side  are  the  superior  and  inferior  nuchal  lines;  these,  as  well  as  the  surfaces 
of  bone  between  them,  are  rough  for  the  attachment  of  the  muscles  which  are 
enumerated  on  pages  127  and  128. 

Norma  Lateralis  (Fig.  187). — When  viewed  from  the  side  the  skull  is  seen  to 
consist  of  the  cranium  above  and  behind,  and  of  the  face  below  and  in  front.  The 
cranium  is  somewhat  ovoid  in  shape,  but  its  contour  varies  in  different  cases  and 
depends  largely  on  the  length  and  height  of  the  skull  and  on  the  degree  of  promi¬ 
nence  of  the  superciliary  arches  and  frontal  eminences.  Entering  into  its  formation 
are  the  frontal,  the  parietal,  the  occipital,  the  temporal,  and  the  great  wing  of  the 
sphenoid.  These  bones  are  joined  to  one  another  and  to  the  zygomatic  by  the  follow¬ 
ing  sutures:  the  zygomaticotemporal  between  the  zygomatic  process  of  the  temporal 
and  the  temporal  process  of  the  zygomatic;  the  zygomaticofrontal  uniting  the  zygo¬ 
matic  bone  with  the  zygomatic  process  of  the  frontal;  the  sutures  surrounding  the 
great  wing  of  the  sphenoid,  viz.,  the  sphenozygomatic  in  front,  the  sphenofrontal 
and  sphenoparietal  above,  and  the  sphenosquamosal  behind.  The  sphenoparietal 
suture  varies  in  length  in  different  skulls,  and  is  absent  in  those  cases  where  the 
frontal  articulates  with  the  temporal  squama.  The  point  corresponding  with  the 
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posterior  end  of  the  sphenoparietal  suture  is  named  the  pterion;  it  is  situated  about 
3  cm.  behind,  and  a  little  above  the  level  of  the  zygomatic  process  of  the  frontal 
bone. 

The  squamosal  suture  arches  backward  from  the  pterion  and  connects  the  tem¬ 
poral  squama  with  the  lower  border  of  the  parietal:  this  suture  is  continuous 
behind  with  the  short,  nearly  horizontal  parietomastoid  suture,  which  unites  the 
mastoid  process  of  the  temporal  with  the  region  of  the  mastoid  angle  of  the  parietal. 
Extending  from  above  downward  and  forward  across  the  cranium  are  the  coronal 
and  lambdcidal  sutures ;  the  former  connects  the  parietals  with  the  frontal,  the  latter, 
the  parietals  with  the  occipital.  The  lambdoidal  suture  is  continuous  below  with 


Fia.  187. — Side  view  of  the  skull. 


the  occipitomastoid  suture  between  the  occipital  and  the  mastoid  portion  of  the 
temporal.  In  or  near  the  last  suture  is  the  mastoid  foramen,  for  the  transmission 
of  an  emissary  vein.  The  point  of  meeting  of  the  parietomastoid,  occipitomastoid, 
and  lambdoidal  sutures  is  known  as  the  asterion.  Immediately  above  the  orbital 
margin  is  the  superciliary  arch,  and,  at  a  higher  level,  the  frontal  eminence.  Near 
the  center  of  the  parietal  bone  is  the  parietal  eminence.  Posteriorly  is  the  ex¬ 
ternal  occipital  protuberance,  from  which  the  superior  nuchal  line  may  be  followed 
forward  to  the  mastoid  process.  Arching  across  the  side  of  the  cranium  are  the 
temporal  lines,  which  mark  the  upper  limit  of  the  temporal  fossa. 

The  Temporal  Fossa  (fossa  temporalis). — The  temporal  fossa  is  bounded  above 
and  behind  by  the  temporal  lines,  which  extend  from  the  zygomatic  process  of  the 
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frontal  bone  upward  and  backward  across  the  frontal  and  parietal  bones,  and  then 
curve  downward  and  forward  to  become  continuous  with  the  supramastoid  crest 
and  the  posterior  root  of  the  zygomatic  arch.  The  point  where  the  upper  temporal 
line  cuts  the  coronal  suture  is  named  the  steph&nion.  The  temporal  fossa  is  bounded 
in  front  by  the  frontal  and  zygomatic  bones,  and  opening  on  the  back  of  the  latter 
is  the  zygomaticotemporal  foramen.  Laterally  the  fossa  is  limited  by  the  zygomatic 
arch,  formed  by  the  zygomatic  and  temporal  bones;  below ,  it  is  separated  from  the 
infratemporal  fossa  by  the  infratemporal  crest  on  the  great  wing  of  the  sphenoid, 
and  by  a  ridge,  continuous  with  this  crest,  which  is  carried  backward  across  the 
temporal  squama  to  the  anterior  root  of  the  zygomatic  process.  In  front  and 
below,  the  fossa  communicates  with  the  orbital  cavity  through  the  inferior  orbital 
or  sphenomaxillary  fissure.  The  floor  of  the  fossa  is  deeply  concave  in  front  and 
convex  behind,  and  is  formed  by  the  zygomatic,  frontal,  parietal,  sphenoid,  and 
temporal  bones.  It  is  traversed  by  vascular  furrows ;  one,  usually  well-marked,  runs 
upward  above  and  in  front  of  the  external  acoustic  meatus,  and  lodges  the  middle 
temporal  artery.  Two  others,  frequently  indistinct,  may  be  observed  on  the 
anterior  part  of  the  floor,  and  are  for  the  anterior  and  posterior  deep  temporal 
arteries.  The  temporal  fossa  contains  the  Temporalis  muscle  and  its  vessels  and 
nerves,  together  with  the  zygomaticotemporal  nerve. 

The  zygomatic  arch  is  formed  by  the  zygomatic  process  of  the  temporal  and 
the  temporal  process  of  the  zygomatic,  the  two  being  united  by  an  oblique  suture; 
the  tendon  of  the  Temporalis  passes  medial  to  the  arch  to  gain  insertion  into  the 
coronoid  process  of  the  mandible.  The  zygomatic  process  of  the  temporal  arises 
by  two  roots,  an  anterior,  directed  inward  in  front  of  the  mandibular  fossa,  where 
it  expands  to  form  the  articular  tubercle,  and  a  posterior,  which  runs  backward 
above  the  external  acoustic  meatus  and  is  continuous  with  the  supramastoid 
crest.  The  upper  border  of  the  arch  gives  attachment  to  the  temporal  fascia; 
the  lower  border  and  medial  surface  give  origin  to  the  Masseter. 

Below  the  posterior  root  of  the  zygomatic  arch  is  the  elliptical  orifice  of  the 
external  acoustic  meatus,  bounded  in  front,  below,  and  behind  by  the  tympanic 
part  of  the  temporal  bone;  to  its  outer  margin  the  cartilaginous  segment  of  the 
external  acoustic  meatus  is  attached.  The  small  triangular  area  between  the 
posterior  root  of  the  zygomatic  arch  and  the  postero-superior  part  of  the  orifice  is 
termed  the  suprameatal  triangle,  on  the  anterior  border  of  which  a  small  spinous 
process,  the  suprameatal  spine,  is  sometimes  seen.  Between  the  tympanic  part 
and  the  articular  tubercle  is  the  mandibular  fossa,  divided  into  two  parts  by  the 
petrotympanic  fissure.  The  anterior  and  larger  part  of  the  fossa  articulates  with 
the  condyle  of  the  mandible  and  is  limited  behind  by  the  external  acoustic  meatus: 
the  posterior  part  sometimes  lodges  a  portion  of  the  parotid  gland.  The  styloid 
process  extends  downward  and  forward  for  a  variable  distance  from  the  lower 
part  of  the  tympanic  part,  and  gives  attachment  to  the  Styloglossus,  Stylohy- 
oideus,  and  Stylopharyngeus,  and  to  the  stylohyoid  and  stylomandibular  ligaments. 
Projecting  downward  behind  the  external  acoustic  meatus  is  the  mastoid  process, 
to  the  outer  surface  of  which  the  Sternocleidomastoideus,  Splenius  capitis,  and 
Longissimus  capitis  are  attached. 

The  Infratemporal  Fossa  (fossa  infratemporalis;  zygomatic  fossa)  (Fig.  188). — The 
infratemporal  fossa  is  an  irregularly  shaped  cavity,  situated  below  and  medial  to  the 
zygomatic  arch.  It  is  bounded,  in  front ,  by  the  infratemporal  surface  of  the  maxilla 
and  the  ridge  which  descends  from  its  zygomatic  process;  behind ,  by  the  articular 
tubercle  of  the  temporal  and  the  spina  angularis  of  the  sphenoid;  above ,  by  the  great 
wing  of  the  sphenoid  below  the  infratemporal  crest,  and  by  the  under  surface  of 
the  temporal  squama;  below ,  by  the  alveolar  border  of  the  maxilla;  medially ,  by 
the  lateral  pterygoid  plate.  It  contains  the  lower  part  of  the  Temporalis,  the 
Pterygoidei  internus  and  externus,  the  internal  maxillary  vessels,  and  the  man- 
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dibuJar  and  maxillary  nerves.  The  foramen  ovale  and  foramen  spinosum  open  on 
its  roof,  and  the  alveolar  canals  on  its  anterior  wall.  At  its  upper  and  medial 
part  are  two  fissures,  which  together  form  a  T-shaped  fissure,  the  horizontal  limb 
being  named  the  inferior  orbital,  and  the  vertical  one  the  pterygomaxillary. 

The  inferior  orbital  fissure  ( fissura  orhitalis  inferior;  sphenomaxillary  fissure ), 
horizontal  in  direction,  opens  into  the  lateral  and  back  part  of  the  orbit.  It  is 
bounded  above  by  the  lower  border  of  the  orbital  surface  of  the  great  wing  of  the 
sphenoid ;  below,  by  the  lateral  border  of  the  orbital  surface  of  the  maxilla  and  the 
orbital  process  of  the  palatine  bone;  laterally ,  by  a  small  part  of  the  zygomatic 
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its  zygomatic  branch,  the  infraorbital  vessels,  the  ascending  branches  from  the 
sphenopalatine  ganglion,  and  a  vein  which  connects  the  inferior  ophthalmic  vein 
with  the  pterygoid  venous  plexus. 

The  pterygomaxillary  fissure  is  vertical,  and  descends  at  right  angles  from  the 
medial  end  of  the  preceding;  it  is  a  triangular  interval,  formed  by  the  diver¬ 
gence  of  the  maxilla  from  the  pterygoid  process  of  the  sphenoid.  It  connects 
the  infratemporal  with  the  pterygopalatine  fossa,  and  transmits  the  terminal  part 
of  the  internal  maxillary  artery. 

The  Pterygopalatine  Fossa  (  fossa  pterygopalatina;  sphenomaxillary  fossa). — The 
pterygopalatine  fossa  is  a  small,  triangular  space  at  the  angle  of  junction  of  the 
inferior  orbital  and  pterygomaxillary  fissures,  and  placed  beneath  the  apex  of 


1  Ocraaopa,Uy  the  maxilla  and  the  sphenoid  articulate  with  each  other  at  the  anterior  extremity  of  this  fissure;  the 
*3Ts*a*iiic  is  thee  excluded  from  it. 


184  OSTFOLOuY 

the  orbit.  It  is  bounded-  above  by  the  under  surface  of  the  -body  af  the  sy  <  Is  eii  <  »i.  i 
ami  by  thfc  orbital  process  of  the-  palatine  bone ;  .in  front,  by  the  infratemporal 
surface  ot  the  maxilla ;  behind ,  by  jtbe  base, of  the  pterygoid  process  and  lower  parr 
of  the  anterior  surface  of  the  great  wing  of  the-  sphenoid;  mrd  tally,  In  the  vertical 
part  of  the  palatine  bum.  with  ru  orbital  afn!  sphenoidal  processes.  Tins  fossa 


communicates  with,  tie*  orbit  Sty  the  inferior  orbital  fissure,  with  the  nasal  cavity 
by  the  sphenupalfttioe  lortifiiexi.  and  with  the  infra  tempura!  fossa  by  the  pterygo-- 
limxilhtry  fissubt*;-.  Iftvfe  foramina  t$er>  into  it  .  Of  these,  three  art  oft  the  posterior 
ifall*  yitt-,  the  imu&m  tofiMduss,  the  pterygoid  canal,  and  the  pharyngeal  canal, 
in  this  order  downward  and  meriialwhFil.  On  the  medi.ul  Val!  is  the  sphenopalatine 
toramen,  ruid  libhftv  tr,  tfiy  •sia|krh>r  orifice of the  iherygopalatine^ The  fossa 
contains  tlu*  maxillary  nerve,  the  sphenopaJatmt;, ganglion*  and  the  terminal  part 
of  the  interim!  maxillary  artery-. 
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Nonna  Occipitalis. — When  viewed  from  behind .  the  cranium  presents  a.  more 
or  less  circular  outline.  In  the  middle  line  is  the  posterior  part  of  the  sagittal 
suture  connecting  ibe  fou'-ictoi  hones;  extending  downward  ami  lateral  ward  from 
tb«  hinder  hod  of  the  -sagittal  suture  is. 'tiiohfocply  seJTa.t.ed  lamhdoidal  suture  join¬ 
ing  the  parietal*  te«  the  occipital  ami  continuous  inddw  with  the. parietomastoid «nd.' 
occipitomastoid  RutUtes;  it  frequently  etintuins  one  or  more  stmmd  bones.  Near 
the  imddh>  of  the  ocbipitaf  squatuA  is  the  external  occipital  pnotuber&Bce '-op 'Inion, 
and  extending  hiternlwani  from  it  on  either  .side  is  the  superior  nuehai'  line,  and 
above  this  the  faintly  marked  highest  nuchal  line.  The  part  of  the  squama  above 
the  inion  and  highest  lines  is  Mpted  the  planum  occipitale,  and  is  cover^tjT  by  the 
Occipitalis  muscle;  the  part  below  is  tunned  the  planum  nuchale,  arid  is  divided 
by  the  median  nuchal  line  which  run*  downward  and  forward  from  the  inion  to  the 
foramen  magnum;  this  ridge  gives  attachment  to  the  lig'inenturrt  uuyhie.  The 
muscles  attached  to  the  planum  rmclmle  are  yuimjcrafed  on  p.  128.  Below-  and  in 
front  sre  the  mastoid  processes,  convex  f  lateral  I  \  and  grooved  tnedi ally  by  the. 
mastoid  notches.  In.  or  near  the  occipitomastoid  suture  is  the  mastoid  foramen  for 
diigf  of  the  tpAsifcOid  em^gtyT‘|sp. 

Norma  Frontaliii  (Fig.  14)0) . — AYhew  viewed  from  the  frtiut  thy  skull  exhibits  & 
somewhat  oval  outline,  limited  al»m-  by  thy  froiifal  l>ofic.  heimv  by  the  body  of  the 
mandible-,  and  lateral fy  by  (he  Zygomatic  bones  and  the  mandibular  rami.  The 
upper  part,  formed  by  the  frontal  squama,  is  smooth  ami  convex.  The  lower  part, 
made  up  of  the  bones  of  the  face,  is  irregular;  it  is  excavated  laterally  by  the  orbital 
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cavities,  and  presents  in  the  middle  line  the  anterior  nasal  aperture  leading  to  the 
nar-al  cavities,  and  below  this  the  transverse  slit  between  the  upper  and  lower 
dental  arcades.  Above,  the  frontal  eminences  stand  out  more  or  less  prominently, 
and  beneath  these  are  the  superciliary  arches,  joined  to  one  another  in  the  middle 
by  the  glabella.  On  and  above  the  glabella  a  trace  of  the  frontal  suture  sometimes 
persists;  beneath  it  is  the  frontonasal  suture,  the  mid-point  of  which  is  termed  the 
CA&ion.  Behind  and  below  the  frontonasal  suture  the  frontal  articulates  with  the 
frontal  process  of  the  maxilla  and  with  the  lacrimal.  Arching  transversely  below 
the  superciliary  arches  is  the  upper  part  of  the  margin  of  the  orbit,  thin  and  promi- 
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nent  in  its  lateral  two-thirds,  rounded  in  its  medial  third,  and  presenting,  at  the 
junction  of  these  two  portions,  the  supraorbital  notch  or  foramen  for  the  supra¬ 
orbital  nerve  and  vessels.  The  supraorbital  margin  ends  laterally  in  the  zygomatic 
process  which  articulates  with  the  zygomatic  bone,  and  from  it  the  temporal  line 
extends  upward  and  backward.  Below  the  frontonasal  suture  is  the  bridge  of  the 
nose,  convex  from  side  to  side,  concavo-convex  from  above  downward,  and  formed 
by  the  two  nasal  bones  supported  in  the  middle  line  by  the  perpendicular  plate 
of  the  ethmoid,  and  laterally  by  the  frontal  processes  of  the  maxilhe  which  are 
prolonged  upward  between  the  nasal  and  lacrimal  banes  and  form  the  lower  and 
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passage  of  the  infraorbital  nerve  and  vessels.  Below  and  medial  to  this  foramen 
is  the  canine  eminence  separating  the  incisive  from  the  canine  fossa.  Beneath 
these  fossae  are  the  alveolar  processes  of  the  maxillae  containing  the  upper  teeth, 
which  overlap  the  teeth  of  the  mandible  in  front.  The  zygomatic  bone  on  either 
side  forms  the  prominence  of  the  cheek,  the  lower  and  lateral  portion  of  the  orbital 
cavity,  and  the  anterior  part  of  the  zygomatic  arch.  It  articulates  medially  with 
the  maxilla,  behind  with  the  zygomatic  process  of  the  temporal,  and  above  with 
the  great  wing  of  the  sphenoid  and  the  zygomatic  process  of  the  frontal;  it  is  per¬ 
forated  by  the  zygomaticofacial  foramen  for  the  passage  of  the  zygomaticofacial 
nerve.  On  the  body  of  the  mandible  is  a  median  ridge,  indicating  the  position 
of  the  symphysis;  this  ridge  divides  below  to  enclose  the  mental  protuberance,  the 
lateral  angles  of  which  constitute  the  mental  tubercles.  Below  the  incisor  teeth 
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medial  part  of  the  circumference  of  each  orbit.  Below  the  nasal  bones  and  between 
the  maxillae  is  the  anterior  aperture  of  the  nose,  pyriform  in  shape,  with  the  narrow 
end  directed  upward.  Laterally  this  opening  is  bounded  by  sharp  margins,  to 
which  the  lateral  and  alar  cartilages  of  the  nose  are  attached;  below ,  the  margins 
are  thicker  and  curve  mediahvard  and  forward  to  end  in  the  anterior  nasal  spine. 
On  looking  into  the  nasal  cavity,  the  bony  septum  which  separates  the  nasal 
cavities  presents,  in  front,  a  large  triangular  deficiency;  this,  in  the  fresh  state, 
is  filled  up  by  the  cartilage  of  the  nasal  septum;  on  the  lateral  wall  of  each  nasal 
cavity  the  anterior  part  of  the  inferior  nasal  concha  is  visible.  Below  and  lateral 
to  the  anterior  nasal  aperture  are  the  anterior  surfaces  of  the  maxillce,  each 
perforated,  near  the  lower  margin  of  the  orbit,  by  the  infraorbital  foramen  for  the 
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Fi<i.  192. — -Me<lial  wail  of  left  orbit. 

The  roof  is  concave,  directed  downward,  and  slightly  forward,  and  formed  in 
front  by  the  orbital  plate  of  the  frontal;  behind  by  the  small  wing  of  the  sphenoid. 
It  presents  medially  the  trochlear  fovea  for  the  attachment  of  the  cartilaginous 
pulley  of  the  Obliquus  oculi  superior;  laterally ,  the  lacrimal  fossa  for  the  lacrimal 
Stand;  and  posteriorly,  the  suture  between  the  frontal  bone  and  the  small  wing 
of  the  sphenoid; 

The  floor  is  directed  upward  and  lateral  ward,  and  is  of  less  extent  than  the 
twf;  it  is  formed  chiefly  by  the  orbital  surface  of  the  maxilla;  m  front  and  laterally , 
by  the  orbital  process  of  the  zygomatic  bone,  and  behind  and  medially ,  to  a  small 
extent,  by  the  orbital  process  of  the  palatine.  At  its  medial  angle  is  the  upper 
opening  of  the  nasolacrimal  canal,  immediately  to  the  lateral  side  of  which  is  a 
depression  for  the  origin  of  the  Obliquus  oculi  inferior.  On  its  lateral  part  is  the 
suture  between  the  maxilla  and  zygomatic  bone,  and  at  its  posterior  part  that 
between  the  maxilla  and  the  orbital  process  of  the  palatine.  Running  forward 
uw  the  middle  of  the  floor  is  the  infraorbital  groove,  ending  in  front  in  the  infra¬ 
orbital  canal  and  transmitting  the  infraorbital  nerve  and  vessels. 
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is  the  incisive  fossa,  and  beneath  the  second  premolar  tooth  the  mental  foramen 
which  transmits  the  mental  nerve  and  vessels.  The  oblique  line  runs  upward  from 
the  mental  tubercle  and  is  continuous  behind  with  the  anterior  border  of  the  ramus. 
The  posterior  border  of  the  ramus  runs  downward  and  forward  from  the  condyle 
to  the  angle,  which  is  frequently  more  or  less  everted. 

The  Orbits  {orbits?)  (Fig.  190). — The  orbits  are  tw  o  quadrilateral  pyramidal  cavi¬ 
ties,  situated  at  the  upper  and  anterior  part  of  the  face,  their  bases  being  directed 
forward  and  laterahvard,  and  their  apices  backward  and  medialward,  so  that  their 
hmg  axes,  if  continued  backward,  would  meet  over  the  body  of  the  sphenoid. 
Each  presents  for  examination  a  roof,  a  floor,  a  medial  and  a  lateral  wall,  a  base, 
wd  an  apex. 
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The  medial  wall  (Fig.  192)  Is  nearly  vertical.'  and  is  formed  from  Iwfore  back- 
**ni  'by  the  frontal  pruces*  of  the  maxilla,  the  lacrimal,  the  knmk  papmcea 
d  the  ethmoid,  and  a  smalt  part,  of  the  body  of  the  sphenoid  in  front  of  Use  optic 
men.  Sometimes  the  tfphenotda!'  concha  forms  a  small  part  of  this  wall  (see 
page  1 50),  It  exhibits  three  vettieal  suitiires,  viz,,:  the  }m.whnomfiVd!atv,  hiertJDO- 
etJiW'Wiii,  and  spfoenoef hrasddat. :  In  front bis  spen  f he  lacrimal  groova,  which  lodges 
Vdr  (ii-.-rimal  sac,  and  behind  'the  groove 'is  the  posterior  lacrim&l  crest,  from. which 
tlwiiaerimai  part  of  the  Orbicnkris  oculi  arises.  At,  the  junction  of  the  medial 
W#  ann  tin?,  roof  are  the.  frontomnxillary.  front  ftlaerimrd,  frontogthmoutal,  and 
spfc«j-;>h‘>nul  sutures.  The  point  of  junction  of  life  anterior  border  of  the  lacrimal 
with  the  frontal  is  named  the  dacryon.  In  the  Fronttwthrmddal  suture  are  the 
anterior  and  posterior  ethmoidal  foramina,  the  former  transmitting  the  nasociliary 
o-tYe  aftd  anterior  ethmoidal  vessels,  the'  latter  the  posterior  ethmoidal  nerve  and 
vtsedk  C.  f-s.  ■  ' ,  .  ;.  .  t 
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The  lateral wall,  directed  medi&lw&rd  and  forward,  is  formed  by  the  orbital 
p»(«y*  of  the  zygomytieand  the  ■orbital  surface of  the  great  wing  of  the  sphenoid; 
•iht*  ate  united  by'  itlfce; : .s^litexi^^^QiaGidil^l^r rW^kic&  termisifttes  below  at  the 
font  end  of  the  inferior  orbital  fissure.  On  the  orbital  process  of  dm  zygomatic 
hear  an* -the  orbitrd  tuberc.le  .fWluiiiall)  and  the-  orifices  of  orie.br  two^apai#  wfhich 
Waiumit  the  branches  of  the  zygomatic  nerve,  Iletween  the  roof  and  the  lateral 
*31:  jifi'fcir  the  apex  of  the  orbit ,  k  the  superior'  orbital  fissure.'  Through  this  fissure 
tfe  Oculomotor,  the  trochlear,  the.  ophtluijniid  division  of  the  trigeminal.  and  the 
dxltteebt  nerves  enter  also  some  filaments  from  the  cavernous 

pit-, ■sir.  of  the  sympathetic; and  the  orbital  branches  of  the  middle  meningeal  artery, 
ib-i’.g  backward  through  the  fissure  are  the  •ophthalmic  vein  and  the  recurrent 
%5fh  from  the  lamimsi  Srtcry  to  the  dura  uatter.  Tk^  Iateriii  wall  and  the  floor 
iK separated  posteriorly  by  tjhe  infersar  orbitai  fissure  which  tninsmits  the  maxillary 
Wfteand  its  zygnmaticvbramdn  the  infra  orbital  tessefs,  and  the  ascending  branches 
fffflo  the  sphenopalatine  ganglion. 

.the  base  of  the  Qrbii,  rpmdrifatenkl  in  shape,  is  formed  above  by  the  sririra- 
wwtal  arch  of  the  frontal  hone,  in  which  is  the  supraorbital  notch  or  foramen  fur 
tb-  passage  of  the  supraorbital  vessels  and  nerve;  ix.l >«>  by  the  zygomatic  bone  n*i«i 
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maxilla,  united  by  the  zygomaticomaxillary  suture;  laterally  by  the  zygomatic 
bone  and  the  zygomatic  process  of  the  frontal  joined  by  the  zygomaticofrontal 
suture;  medially  by  the  frontal  bone  and  the  frontal  process  of  the  maxilla  united 
by  the  frontomaxillary  suture. 

The  apex,  situated  at  the  back  of  the  orbit,  corresponds  to  the  optic  foramen1 
a  short,  cylindrical  canal,  which  transmits  the  optic  nerve  and  ophthalmic  artery. 

It  will  thus  be  seen  that  there  are  nine  openings  communicating  with  each 
orbit,  viz.,  the  optic  foramen,  superior  and  inferior  orbital  fissures,  supraorbital 
foramen,  infraorbital  canal,  anterior  and  posterior  ethmoidal  foramina,  zygomatic 
foramen,  and  the  canal  for  the  nasolacrimal  duct. 

THE  INTERIOR  OF  THE  SKULL. 

Inner  Surface  of  the  Skull-cap. — The  inner  surface  of  the  skull-cap  is  concave 
and  presents  depressions  for  the  convolutions  of  the  cerebrum,  together  with 
numerous  furrows  for  the  lodgement  of  branches  of  the  meningeal  vessels.  Along 
the  middle  line  is  a  longitudinal  groove,  narrow  in  front,  where  it  commences  at 
the  frontal  crest,  but  broader  behind;  it  lodges  the  superior  sagittal  sinus,  and  its 
margins  afford  attachment  to  the  falx  cerebri.  On  either  side  of  it  are  several 
depressions  for  the  arachnoid  granulations,  and  at  its  back  part,  the  openings  of 
the  parietal  foramina  when  these  are  present.  It  is  crossed,  in  front,  by  the  coronal 
suture,  and  behind  by  the  lambdoidal,  while  the  sagittal  lies  in  the  medial  plane 
between  the  parietal  bones. 

Upper  Surface  of  the  Base  of  the  Skull  (Fig.  196).— The  upper  surface  of  the 
base  of  the  skull  or  floor  of  the  cranial  cavity  presents  three  fossae,  called  the  anterior, 
middle,  and  posterior  cranial  fossa. 

Anterior  Fossa  (fossa  cranii  anterior). — The  floor  of  the  anterior  fossa  is  formed 
by  the  orbital  plates  of  the  frontal,  the  cribriform  plate  of  the  ethmoid,  and  the 
small  wings  and  front  part  of  the  body  of  the  sphenoid ;  it  is  limited  behind  by  the 
posterior  borders  of  the  small  wings  of  the  sphenoid  and  by  the  anterior  margin 
of  the  chiasmatic  groove.  It  is  traversed  by  the  frontoethmoidal,  sphenoethmoidal, 
and  sphenofrontal  sutures.  Its  lateral  portions  roof  in  the  orbital  cavities  and  sup¬ 
port  the  frontal  lobes  of  the  cerebrum;  they  are  convex  and  marked  by  depressions 
for  the  brain  convolutions,  and  grooves  for  branches  of  the  meningeal  vessels. 
The  central  portion  corresponds  with  the  roof  of  the  nasal  cavity,  and  is  markedly 
depressed  on  either  side  of  the  crista  galli.  It  presents,  in  and  near  the  median 
line,  from  before  backward,  the  commencement  of  the  frontal  crest  for  the  attach¬ 
ment  of  the  falx  cerebri;  the  foramen  cecum,  between  the  frontal  bone  and  the  crista 
galli  of  the  ethmoid,  which  usually  transmits  a  small  vein  from  the  nasal  cavity 
to  the  superior  sagittal  sinus;  behind  the  foramen  cecum,  the  crista  galli,  the 
free  margin  of  which  affords  attachment  to  the  falx  cerebri;  on  either  side  of  the 
crista  galli,  the  olfactory  groove  formed  by  the  cribriform  plate,  which  supports 
the  olfactory  bulb  and  presents  foramina  for  the  transmission  of  the  olfactory 
nerves,  and  in  front  a  slit-like  opening  for  the  nasociliary  nerve.  Lateral  to  either 
olfactory  groove  are  the  internal  openings  of  the  anterior  and  posterior  ethmoidal 
foramina;  the  anterior,  situated  about  the  middle  of  the  lateral  margin  of  the  olfac¬ 
tory  groove,  transmits  the  anterior  ethmoidal  vessels  and  the  nasociliary  nerv  e;  the 
nerve  runs  in  a  groove  along  the  lateral  edge  of  the  cribriform  plate  to  the  slit-like 
opening  above  mentioned ;  the  posterior  ethmoidal  foramen  opens  at  the  back  part 
of  this  margin  under  cover  of  the  projecting  lamina  of  the  sphenoid,  and  transmits 
the  posterior  ethmoidal  vessels  and  nerve.  Farther  back  in  the  middle  line  is  the 
ethmoidal  spine,  bounded  behind  by  a  slight  elevation  separating  two  shallow  lon¬ 
gitudinal  grooves  which  support  the  olfactory  lobes.  Behind  this  is  the  anterior 

1  Some  anatomists  describe  the  apex  of  the  orbit  as  corresponding  with  the  medial  end  of  the  superior  orbital  fissure. 
It  seems  better,  however,  to  adopt  the  statement  in  the  text,  since  the  ocular  muscles  take  origin  around  the  optio 
foramen,  and  diverge  from  it  to  the  bulb  of  the  eye. 
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margin  of  the  chiasmatic  groove,  running  lateral  ward  on  either  side  to  the  upper 
margin  of  the  optic  foramen. 
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Fio.  196. — Ba>*e  of  thfc  skull.  Upper  surf aoo. 


The  Middle  Fossa  (foma  emrdi  media). — The  middle  fossa*  deeper  than  the  pre¬ 
ceding,  is  narrow  in  the  middle,  and  wide  at  the  sides  of  the  skull.  It  is  bounded 
i n  ftpnt  by  the  posterior  margins  of  the  small  wings  of  the  sphenoid,  the  anterior 
dinoid  processes,  and  the  ridge  forming  the  anterior  margin  of  the  chiasmatic 
groove;  behind,  by  the  superior  angles  of  the  petrous  portions  of  the  temporals 
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and  the  dorsum  sellae;  laterally  by  the  temporal  squamae,  sphenoidal  angles  of  the 
parietals,  and  great  wings  of  the  sphenoid.  It  is  traversed  by  the  squamosal, 
sphenoparietal,  sphenosqu&mosal,  and  sphenopetrosal  sutures. 

The  middle  part  of  the  fossa  presents,  in  front ,  the  chiasmatic  groove  and  tuber- 
culum  sellae;  the  chiasmatic  groove  ends  on  either  side  at  the  optic  foramen,  which 
transmits  the  optic  nerve  and  ophthalmic  artery  to  the  orbital  cavity.  Behind 
the  optic  foramen  the  anterior  clinoid  process  is  directed  backward  and  medialward 
and  gives  attachment  to  the  tentorium  cerebelli.  Behind  the  tuberculum  sellae 
is  a  deep  depression,  the  sella  turcica,  containing  the  fossa  hypophyseos,  which  lodges 
the  hypophysis,  and  presents  on  its  anterior  wall  the  middle  clinoid  processes. 
The  sella  turcica  is  bounded  posteriorly  by  a  quadrilateral  plate  of  bone,  the  dorsnm 
sellm,  the  upper  angles  of  which  are  surmounted  by  the  posterior  clinoid  processes: 
these  afford  attachment  to  the  teritorium  cerebelli,  and  below  each  is  a  notch  for 
the  abducent  nerve.  On  either  side  of  the  sella  turcica  is  the  carotid  groove,  which 
is  broad,  shallow,  and  curved  somewhat  like  the  italic  letter  /.  It  begins  behind 
at  the  foramen  lacerum,  and  ends  on  the  medial  side  of  the  anterior  clinoid  process, 
where  it  is  sometimes  converted  into  a  foramen  (carotico-clinoid)  by  the  union  of 
the  anterior  with  the  middle  clinoid  process;  posteriorly,  it  is  bounded  laterally 
by  the  lingula.  This  groove  lodges  the  cavernous  sinus  and  the  internal  carotid 
artery,  the  latter  being  surrounded  by  a  plexus  of  sympathetic  nerves. 

The  lateral  parts  of  the  middle  fossa  are  of  considerable  depth,  and  support 
the  temporal  lobes  of  the  brain.  They  are  marked  by  depressions  for  the  brain 
convolutions  and  traversed  by  furrows  for  the  anterior  and  posterior  branches 
of  the  middle  meningeal  vessels.  These  furrows  begin  near  the  foramen  spinosum, 
and  the  anterior  runs  forward  and  upward  to  the  sphenoidal  angle  of  the  parietal, 
where  it  is  sometimes  converted  into  a  bony  canal;  the  posterior  runs  tateralward 
and  backward  across  the  temporal  squama  and  passes  on  to  the  parietal  near 
the  middle  of  its  lower  border.  The  following  apertures  are  also  to  be  seen.  In 
front  is  the  superior  orbital  fissure,  bounded  above  by  the  small  wing,  below,  by  the 
great  wing,  and  medially,  by  the  body  of  the  sphenoid;  it  is  usually  completed 
laterally  by  the  orbital  plate  of  the  frontal  bone.  It  transmits  to  the  orbital 
cavity  the  oculomotor,  the  trochlear,  the  ophthalmic  division  of  the  trigeminal, 
and  the  abducent  nerves,  some  filaments  from  the  cavernous  plexus  of  the 
sympathetic,  and  the  orbital  branch  of  the  middle  meningeal  artery;  and  from  the 
orbital  cavity  a  recurrent  branch  from  the  lacrimal  artery  to  the  dura  mater,  and 
the  ophthalmic  veins.  Behind  the  medial  end  of  the  superior  orbital  fissure  is 
-the  foramen  rotundum,  for  the  passage  of  the  maxillary  nerve.  Behind  and  lateral 
to  the  foramen  rotundum  is  the  foramen  ovale,  which  transmits  the  mandibular 
nerve,  the  accessory  meningeal  artery,  and  the  lesser  superficial  petrosal  nerve.1 
Medial  to  the  foramen  ovale  is  the  foramen  Vesalii,  which  varies  in  size  in  different 
individuals,  and  is  often  absent;  when  present,  it  opens  below  at  the  lateral  side 
of  the  scaphoid  fossa,  and  transmits  a  small  vein.  Lateral  to  the  foramen  ovale 
is  the  foramen  spinosum,  for  the  passage  of  the  middle  meningeal  vessels,  and  a 
recurrent  branch  from  the  mandibular  nerve.  Medial  to  the  foramen  ovale  is 
the  foramen  lacerum;  in  the  fresh  state  the  lower  part  of  this  aperture  is  filled  up 
by  a  layer  of  fibrocartilage,  while  its  upper  and  inner  parts  transmit  the  internal 
carotid  artery  surrounded  by  a  plexus  of  sympathetic  nerves.  The  nerve  of  the 
pterygoid  canal  and  a  meningeal  branch  from  the  ascending  pharyngeal  artery 
pierce  the  layer  of  fibrocartilage.  On  the  anterior  surface  of  the  petrous  portion 
of  the  temporal  bone  are  seen  the  eminence  caused  by  the  projection  of  the  superior 
semicircular  canal;  in  front  of  and  a  little  lateral  to  this  a  depression  corresponding 
to  the  roof  of  the  tympanic  cavity;  the  groove  leading  to  the  hiatus  of  the  facial 
canal,  for  the  transmission  of  the  greater  superficial  petrosal  nerve  and  the  petrosal 
branch  of  the  middle  meningeal  artery ;  beneath  it,  the  smaller  groove,  for  the  pas- 

*  See  footnote,  page  14S. 
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sage  of  the  lesser  superficial  petrosal  nerve;  and,  near  the  apex  of  the  bone,  the 
depression  for  the  semilunar  ganglion  ami  the  orifice  of  the  carotid  canal. 

The  Posterior  Fossa  (fossa  cranii  posterior) , — The  posterior  fossa  is  the  largest 
ami  deepest  of  the  three.  It  is  formed  by  the  dorsum  sellie  and  clivus  of  the 
sphenoid,  the  occipital,  the  petrous  and  mastoid  portions  of  the  temporals,  and  the 
mastoid  angles  of  the  parietal  bones;  it  is  crossed  by  the  occipitomastoid  and  the 
parietomastoid  sutures,  and  lodges  the  cerebellum,  pons,  and  medulla  oblongata. 
It  b  separated  from  the  middle  fossa  in  and  near  the  median  line  by  the  dorsum 
sellie  of  the  sphenoid  and  on  either  side  by  the  superior  angle  of  the  petrous  por¬ 
tion  of  the  temporal  bone.  This  angle  gives  attachment  to  the  tentorum  cerebelli, 
is  grooved  for  the  superior  petrosal  sinus,  and  presents  at  its  medial  end  a  notch 
upon  which  the  trigeminal  nerve  rests.  The  fossa  is  limited  behind  by  the  grooves 
for  the  transverse  sinuses.  In  its  center  is  the  foramen  magnum,  on  either  side  of 
which  is  a  rough  tubercle  for  the  attachment  of  the  alar  ligaments;  a  little  above 


EtKmotd 


PntM  prea&*‘ 


J —  Pterygoid  hmriuliu* 

Palatine  hone 

Fio.  197. — Sagittal  section  of  skull 

this  tubercle  is  the  canal,  which  transmits  the  hypoglossal  nerve  and  a  meningeal 
branch  from  the  ascending  pharyngeal  artery.  In  front  of  the  foramen  magnum 
tiie  basilar  port  ion  of  the  occipital  and  the  posterior  part  of  the  body  of  the  sphenoid 
form  a  grooved  surface  w  hich  supports  the  medulla  oblongata  and  pons;  in  the 
young  skull  these  bones  are  joined  by  a  synchondrosis.  This  grooved  surface  is 
separated  on  either  side  from  the  petrous  portion  of  the  temporal  by  the  petro- 
occipital  fissure,  which  is  occupied  in  the  fresh  state  by  a  plate  of  cartilage;  the 
figure  is  continuous  behind  with  the  jugular  foramen,  and  its  margins  are  grooved 
for  the  inferior  petrosal  sinus.  The  jugular  foramen  is  situated  between  the  lateral 
Pan  of  the  occipital  and  the  petrous  part  of  the  temporal.  The  anterior  portion 
of  this  foramen  transmits  the  inferior  petrosal  sinus;  the  posterior  portion,  the 
transverse  sinus  and  some  meningeal  branches  from  the  occipital  and  ascending 
pharyngeal  arteries;  and  the  intermediate  portion,  the  glossopharyngeal,  vagus, 
*8(1  accessory  nerves.  Above  the  jugular  foramen  is  the  internal  acoustic  meatus, 
for  the  facial  and  acoustic  nerves  and  internal  auditory  artery;  behind  and  lateral 
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to  this  is  the  slit-like  opening  leading  into  the  aquaeductus  vestibuli,  which  lodges 
the  ductus  endolymphaticus;  while  between  these,  and  near  the  superior  angle  of 
the  petrous  portion,  is  a  small  triangular  depression,  the  remains  of  the  fossa  sub- 
arcuata,  which  lodges  a  process  of  the  dura  mater  and  occasionally  transmits  a  small 
vein.  Behind  the  foramen  magnum  are  the  inferior  occipital  fossa,  which  support 
the  hemispheres  of  the  cerebellum,  separated  from  one  another  by  the  internal 
occipital  crest,  which  serves  for  the  attachment  of  the  falx  cerebelli,  and  lodges 
the  occipital  sinus.  The  posterior  fossae  are  surmounted  by  the  deep  grooves  for 
the  transverse  sinuses.  Each  of  these  channels,  in  its  passage  to  the  jugular  foramen, 
grooves  the  occipital,  the  mastoid  angle  of  the  parietal,  the  mastoid  portion  of  the 
temporal,  and  the  jugular  process  of  the  occipital,  and  ends  at  the  back  part  of 
the  jugular  foramen.  Where  this  sinus  grooves  the  mastoid  portion  of  the  temporal, 
the  orifice  of  the  mastoid  foramen  may  be  seen;  and,  just  previous  to  its  termina¬ 
tion,  the  condyloid  canal  opens  into  it;  neither  opening  is  constant. 


The  Nasal  Cavity  (cavum  nasi;  nasal  fossa). — The  nasal  cavities  are  two  irregular 
spaces,  situated  one  on  either  side  of  the  middle  line  of  the  face,  extending  from  the 
base  of  the  cranium  to  the  roof  of  the  mouth,  and  separated  from  each  other  by  a 
thin  vertical  septum.  They  open  on  the  face  through  the  pear-shaped  anterior  nasal 
aperture,  and  their  posterior  openings  or  choanss  communicate,  in  the  fresh 
state,  with  the  nasal  part  of  the  pharynx.  They  are  much  narrower  above  than 
below,  and  in  the  middle  than  at  their  anterior  or  posterior  openings:  their  depth, 
which  is  considerable,  is  greatest  in  the  middle.  They  communicate  with  the 
frontal,  ethmoidal,  sphenoidal,  and  maxillary  sinuses.  Each  cavity  is  bounded 
by  a  roof,  a  floor,  a  medial  and  a  lateral  wall. 

The  roof  (Figs.  198,  199)  is  horizontal  in  its  central  part,  but  slopes  down¬ 
ward  in  front  and  behind;  it  is  formed  in  front  by  the  nasal  bone  and  the  spine 
of  the  frontal;  in  the  middle ,  by  the  cribriform  plate  of  the  ethmoid;  and  behind , 
by  the  body  of  the  sphenoid,  the  sphenoidal  concha,  the  ala  of  the  vomer  and  the 
sphenoidal  process  of  the  palatine  bone.  In  the  cribriform  plate  of  the  ethmoid 
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are  tie;  foramina  fot  the  olfactory  nerves,  and  ott  the  postetior  (iart  of  the  roof 
iiJfjlO  opening  into the  sphentddaksibUS.  ..  •  .  '  :  "  ' 

'Hie  floor  is  flattened  from  before  backward  ami  concave  fram  side  to  side. 
It » formed  by  the  palatine  process  of  the  maxilla  and  the  horizontal  part  of 
iJi<:  palatine  bone;  near  its  anterior  end  is  the  opening  of  the  incisive  canal. 

The  medial  wall  ( acpiuvi  »«*•?')  (Ttg.  198),  is  frequently  deflected  to  one  or  other 
side  more  often  to  the  left  than  to  the  right  It  is  formed.  in  front,  by  the  crest 
of  the  nasal  bones  and  frontal  spine;  itt  the  puttie,  .by  the  perfJehdwuhtc  plate 
o?  the ethmoid;  behind,  by  the  vomer  ami  the  rostrum  of  the  sphenoid:  bdnw, 
hy  the  crest  of  the  muxillte  and  palatine  bones,  it  presents,  .in  front,  a  large, 
fnaiicular  notch,  which  receives  the  cartilage  of  the  scptUBJ;  and  behind,  the 
fw  edge,  of  the  vomer,  Its  surface  is  marked  by  siunkrtps  terosys'  for  vessels 
Mif  tterves  and  by  the  griarceK  for  the  nasaipshttiise is  tniyeised  by 
sutWrsy  connecting  the  bora's  of  which  it  is  .  formed. 


Wi\  .  ■ 

*  n  V//0 1  t'w(O)  A 

P, ** 4 


frunk^i  +} 
ffrtht  ifm#  fifote  %fx  &}*<**$. 


pffa.  y  .Mfitxtiti 

Hr .  •• 

-  - 

/  •  #V-  u<sit».  pffo’H 


HOO-rt  hif.  ‘ 


N1.  M  ^f{OV  -  -*-■ 

i?4r(|^C  j|i  y>  -  ,v 

ii lAteVA1^ }fM  M  — 

f*-  j  r  rphaM".’  ‘ 


Fig.  JW9.-— Itoof,  Hoof*  untj  UterAl  wail  *A  left  on*al  cavity: 

The  lateral  wall  (Fie.  190)  is  formed,  in  front,  by  the  frontal  process  of  the 
(Barilla  and  by  the  lacrimal  hone;  in  the.  middle,  by  the  ethmoid;  maxilla,  and 
inferior  nasal  concha;  behind,  by  the  VtHie«1j>f»t«  of  the-  fMtlatine  bOBe,  and  the 
medial  pterygoid  plate  of  the  sphenoid.'  On  this  wall  arc  three  irregular  antero¬ 
posterior  passages,  termed  the  superior,  middle,  and  inferior  meatuses  of  the  nose. 
The  superior  meatus,  the  smallest  of  the  three,  occupies  the  middle  third  of  the 
lateral  wall.  It  lies  between  the  superior  and  middle  nasal  concha*;  the  spheno¬ 
palatine  foramen  opens,  into  it  behind. 'and  the  posterior  ethmoidal  cells  in  front. 


The  sphenoidal  sinus  opens  into  a  recess*,  the  sphenoethmoidal  recess,  which  is  placed 
above  arid  behind  the  superior  concha.  The  middle  meatus  is  situated  between  the 
middle  and  inferior  Concho?,  and  extends  from  the anterior  to  the  .posterior  end  of 
the  latter.  The  lateral  wall  of  this  meatus  can  be  :<ari.sfuct*>eiI.Y  studied  only  after 
the  removal  of  the  middle  concha.  On  it  is  a  curved  fissure,,  t  he  hiatus  semilunaris, 
limited  below  by  the  edge  of  the  ttnchiate  process  PF  the  ethmoid  and  above  by 
an  elevation  named  the  bulla  ethmpid&lis;  the  rnidtlie  ethHioidal  cells  are  contained 
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within  this  bulla  ami  open  on  or  near  to  it.  Through  the  hiatus  semilunaris 
the  meatus  eoiumutiicat^  with  a  passage  t^Hicd^he  infundibulmn,  which 

eommunicates  In  fi>:mt:  wlth  the  anterior  ethmoidal  cells  and  in  rather  more  than 
fifty  per  cent,  of  &ktilh  h  cmnirmed  upward  ns  che  trimtosas&i  duct  into  the  frontal 
air-sinus;  when  this  continuity  fails,  the  froutmi&sftl  duet  opens  directly  into  the 
anterior  part  of  the.  meatus.  Below  the  bulla  etlanoidalis  and  hidden  by  the  unci' 
nate  process  of  the  ethmoid  is  the  opening  of  the  maxillary  sinus  (ostium  ma^dUare)  ; 
an  accessory  opening  is  frequently  present  above  the  posterior  part  of  the  inferior 
nasal  concha.  The  mfemr  meatus,  the  largest  nf  the  tliree,  is  the  space  between 
the  inferior  coaeha  aird  thdfloor  of  the  nasal  cavft>%  If  efctehd*  almost  the  entire 
length  of  the  lateral  wall  of  thp  nose.,,  is.  broader  in  front  than  behindhand  presents 
anteriorly  the  lower  pages  of  the  aasoiacrimal  caaaL 


The  Anterior  .Nasal '  Apertam .(Fig.  T  J9).  h  h  heart-daaped  i>r  pyrifonn  opening, 
whose  long  axis  is  vertical,  and  narrow  end  upward;  in  the  recent  state  it  is  much 
contracted  by  the  lateral  <m<\ ^  alar  cartilage??  of  the  W&  It  U  boumled  above  by 
the  inferior  borders  of  the  nasal  bones;  kcfemilj /  by  the  than,  sharp  margins  which 
separate  the  anterior  from  the  nasal  surfaces  of  tlje  maxilte;  and  be'loiv  by  the  same 
borders,  where  they  curte  metfialw  aril  to  bun^ch  otfKU’  uttjie  howiof  lifts;*!  spuw. 
The  choftnss  are  each  bmxuteA  obote  by  the  under  surface  of  the  body  of  the 
sphenoid  ftnVI  ala  of  the .vomer:  below,  by  the  ptrrteriof  bonier  of  the  hofi^onut 
part  of  the  palatine  hone;  !altr0ij±  by  the medial  pterygoid  plate;  they  are 
sepdrateiifrom  each  other  %  the  ppst^pior  border  ^fthe  vomer. 

y  f  f  go  DIFT€!HENCBH  IN  'THE  SKULL  DUE  TO  AGE.  s  V>,v 

M  birth  ifo  bkuU  is  krge-m.  -prc*t>ofrt.lbri':’t:0  istfJkr  parts  of  &  sk^cbm,'  but 
Is  timalh  ftmleqhiife  only  about;  ene^^hth  bTUyr  hdlk  of  the  cramjirn  as  with  oi>*sh&If 

in  tjrb  adult.  The  frontal  and  paxietal  cinineiiccs  Arc  prominent,  and  the  greater,  width-  af  i he 
>  ,  -v  skull  k  at.  the  lev«i  of  fatter  *  cm  the  tuber 

Ifarul,  *he  gf&ftellfy  PUpcmtiiir/  tunh^.  and 
masthdi  Hro  not  fWi- 

HraUon  of  $$ife  skull  harrvs  ft; gat  i*usij>Ute<l> 
and  many  of  them,  *.  fa  lift  occipital,  tem.y- 
omhc  efrherimih  tn>uu*)[i 
of  iiiore  than  mem¬ 

branous  infhrthlk,  iytmK-d/onfarHb^,  are. 
ub  tfc;  of  the  parietal  honte\  these* 

in  nimib#:  twoy  art: 

$dr  and tepp^erior,  ai^fiiiuatcd  m  the  middle 
hue,  Had  two/arf  anterolaT^ml  utui  a  po^tero- 
iWcriilg  oci  euhyr  skkv.  ; 

.  Thw  o x  irregmalxe  fontaptdle  (Fig 

Mt)  is  the  J^rg^t  >  and  ig-  placed  at  the  3  unc¬ 
tion  of  the  filial,  .£i*&tosd,  arid  (font  al 
svfi  urp$  it  'fe  f ozCTigr^h apMv  and  mmmr^ 
ftbriuk  i  ed>:  m  an  and 

. .  i.i  v  it  si  t  f  ii  airi  T'jf  ; 

joititijtttbi  k  tri^ular'in  form  arid  k  equated 
v»hc  i unction  of  khd  Uirnbd^idrit 

X^AnJlmtsyiUmdk^  (Fig*  gpl)  hxo 


pimivv  mjjp 

vsiuall,  irregular  in  fchapiv  my  l  fS/rrt^pond  re- 
Cpe<;tjve]y  with  ifre  and  mastoid 

an^ica  of  the  porietfti  hon^s  -kp  addifknai 
fontaueilc  is  .ijornfethor^  the  Mgittal 

sntiirn  at  the  r ecio1  >  vd  1  he  ob e  1 1 on.  The 
■/ontrwaejle??  are  u&ualiY  cloyed  f>y  the  gronvtb 
and  ext  eusi'ofi  of  t  he  bones  whkdt  ^artound 
1  bene  but..  j<omeTime»  lhe> '  are  tbe. ■aitr^  nf 
o^ifiV  tteidep?  which  develop  into 
sutor^l  bone*,  'fhc  p^tOripr  and  tAierai  foil- 
tanelica  are  obliterated  within  a  month  or  fwb  idu-f  birth.  bnt  Mie  auroriOr  is  not  campkHeiy 
cl. -wed  until  about  tin*  middle  of  the  second  ye:»r. 

The  55ina.lln.est-  ot  the  face  at  birth  is*  mainly  a . -j '. for  .by  The . Tudimcin thry  eandbioti  of 
ihe  maxillte  and  roandihio,  Uic  iioti-e*rupUOu>  uf  tlie  tudh  .  anvl  tiie  tsh&c  of  fhe  maxUloiy  tor 


-Skull  at  b'irtb,  /rontal  aifd  woipicd 

tonUculi 
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mwe*  and  rias&l  cavities.  At  birth  the  nasal  cavities  lie  almoaventirety  between  the  orbits,  and 
ibf  km«r  bwJer  of  the  anterior  n'a^ai  Apeitu^  U  a  t^ifovel  pf  $10 

With  the  empu'on  of  the  deciduous  tcct.h  there  ia  an  eiilargeinciit  of  fee  feutejmd  ^a^f  5Uid‘th^ 
rlt&tiffti  an-  -till  more  marked  after  the  second  dentition. 

The  skuli  grow*  rapidly  from  birth  to  the  seventh  year, -by  which  inoe  the  iotmmx  maimwn 
ac/1  p€  tmm  parte  of  the  temporal#  h&v<>  reached  their  f till M te  only 

^  ftfctfe  smaller  than  those  of  the  adult.  Growth  is  slow  from  t  he  Seventh  year  until  the  approach 
of  puberty,  when  a  second  period  of  activity. occurs;  this  mutfe  ir.  au  increase  in  all  directions* 
hat  it  is  marked  e*  the ron.ta-i:24'xxil  Whorcit  is atfsodiUefL^ 

oww  of  tin?  air  sinuses.  -  *;’  ;.  r  •  -  - ,  :  \  ;■  y  }  ;  ^  y  .*•  /  y:  ,  -  • ,  *’  r  .•*'  >*c  c  5 

Ohhteratiim  of  the  sutmrt** vf  the  vault  of  tile  >ti*H  tv&$&  plshfc-as  age-  advance#.'  This  pruaesa 
EJAycojDOm0^  Thirty  Vttd  tony,  ^4; the  inn^  sdrfucCi  ^ind 

;)Wie  ten  vaars  later  on  the  outer  6Uj^ace;of  ;dje-6knll:  The  dJii^^^etL  are.  however,  only  apprpxfr 
mi&  as  it  impossible  to  state  with  a,uyihmg  like  accuracy' ihe  time  ai  ^hfth  the. «iiri ires  are 
eW>l  Ofelitcrnttoft  Ua^eOrttSr  fu^t‘  in  tte  poseur;  part  of  the  sagittal  suture,  next  m.  the 

^aua*].  and  then  m  the  iftmbdqid&L  y~  ;*  *  :  '  '  /  ,v  1 

la  old  age  the  skull  g^h^pidly  becdm^'  fchhhmr  md  lighter r  hat.  in  a  small  proportion  of  cases' 
it  merest  in  iteknos*  aivd  W6ig?d>  hwmg  to  tin  hypertrophy  of  the  mnertable,  The  most  M  rik~ 
mg  teat ure  of  the  did  skuli  ajb  the  •iiminuiiciD  ;m  themse  of.  the  maxife  and  mandible  consequent 
m  the  lm  of  riie  teeth  n»nd  ihik^^rptipiv riiiy<K>Iar  ptotn&sea..  This  is  u^ociated  with  & 
talked  rwiuciiou  in.  the  vertical  iheasaremeui  of  the  face  and  with  an  ^iteration  in  tin?  angles 
of  The  rnandible. 

<*.  '  '  h‘ '  !'  *>•'!•.  '  Rbj l  ,  "  -  . :y  •  •  * 


•  ...  .'.  yVVyy  X'r  b 

Pig  2S>t.  — ifJkaU  at  birth.:  showing  ftpheuuidui  and  ma*t<mi  fonticfili 


SEXUAL  DlFf?EfiE5fi:£S  IN  THE  SKULL 

Vwm  thk  ^je.jp'i  xaiber.ty  there  is  little  ditferenCe  betw^n  the  skull  of  the  lemaie  and  that  of 
dv;  vuxl:  The  *kdii  tji  m  adult  fern a.le  )n  as  a  nilc,  iihi>tcr  aiKi .^UaUer,  are!  u.s  chuihA  capacity 
(show  of;  •  ri  ihiimer  and  Ha  atbaipiSaf:  rirhc&j -.^.«a 

•ktir.»Dgty  marke-li  the  glabella,  supercUiary  ondu-s:.  ^mT'tnasit.jid.  ;proe».^i\s  'me  h**x  prominent.. 
Ui»l  the •  ccft^pondibg  ;tir  smtises  are  small  or  TUibrntnd  ikvy.  The ^  upper  ruargiri  of  the  orbit  la 
thn  fOr*iiea<i  veitscul,  the irofttai^ ^  parietal  eihhi<Ut«^  prominent  and  the  vault,  mmc*- 

*Mx  ftaUtfuedL  VThe  cuntjour  tif  the  luce  is  more  toimd^I;  'the; facial  'fcbn&f  are  snipother;  and  The 
lOixSihr  sUsiS ttiaiidiiile  and  their  coatuined  teeth  snislltT,  Frcfth  whut  hds  been  said  it  wiil  be  ami 
*}m  tmire  o?  thu^ ^mfnh^K^tihar^teriBticer  are  retained  in.  the  skull  rd  the  adult,  female  than  in  that 
:a*tke  adult,  male.  £  Veil- marked  male  or  female  skull  can  easily  he  record  zed  as  such,  but  in 
ti yhrifei^titiBtics  are  so  indistipet  that  \  he.  delerramatioii  of  the  sex  may 

CRANIO  LOGY. 

yacy  -iiiy3rtiewi<l;-sh^pev  Aiw|'-thii  ti5rm  cratiiojo^v  is  applie<l  to  the  study  of  these  varia- 
The  c.apacuy  nf  the  cranial  cavity-  constitutes  a  good  index  of  «.he  A/e  of  the  brain  which 
**  •  ruined.  « utd  i*  mo st  eonvenierdly  unived  a;,  by  tilling  i he  cavity  with  shut  and  metiisuring 
tu&  in  $  grad uateil  vessel.  iSkullif  Tony  t>^  id^ihed  k^bjing  Co  their  yupncitica  as 

'  ’  y  /.  .{  s-.  "  s  '  ;  yj  ^  '  .v<  .  •  •  ^ 

;L  fytmx?:phalxci  with  a  capacity  of  less  than  1.350  ;.C;Cp‘u-^W  gX •  of  native  Ausf.rahuni 
**d  -kudaman  lalandera.-  ’  '•  -  :  J  ’•  - '  -  .  '  /  ■  ;V 
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2.  MetocephaliCj  with  a  capacity  of  from  1350  c.cm.  to  1450  c.cm. — e.  g .,  those  of  African 
negroes  and  Chinese. 

3  Megacephalic,  with  a  capacity  of  over  1450  c.cm. — e.  g.,  those  of  Europeans,  Japanese,  and 
Eskimos. 

In  comparing  the  shape  of  one  skull  with  that  of  another  it  is  necessary  to  adopt  some  definite 
position  in  which  the  skulls  should  be  placed  during  the  process  of  examination.  They  should 
be  so  placed  that  a  line  carried  through  the  lower  margin  of  the  orbit  and  upper  margin  of  tlie 
external  acoustic  meatus  is  in  the  horizontal  plane.  The  norm®  of  one  skull  can  then  be  com¬ 
pared  with  those  of  another,  and  the  differences  in  contour  and  surface  form  noted.  Further, 
it  is  necessary  that  the  various  linear  measurements  used  to  determine  the  shape  of  the  skull 
should  be  made  between  definite  and  easily  localized  points  on  its  surface.  The  principal  points 
may  be  divided  into  two  groups:  (1)  those  in  the  median  plane,  and  (2)  those  on  either  side  of  it. 

The  Points  in  the  Median  Plane  are  the: 

Mental  Point.  The  most  prominent  point  of  the  chin. 

Alveolar  Point  or  Prosthion.  The  central  point  of  the  anterior  margin  of  the  upper  alveolar  arch. 

Subnasal  Point.  The  middle  of  the  lower  border  of  the  anterior  nasal  aperture,  at  the  base 
of  the  anterior  nasal  spine. 

Nasion.  The  central  point  of  the  frontonasal  suture. 

Glabella.  The  point  in  the  middle  line  at  the  level  of  the  superciliary  arches. 

Ophryon.  The  point  in  the  middle  line  of  the  forehead  at  the  level  where  the  temporal  lines 
most  nearly  approach  each  other. 

Bregma.  The  meeting  point  of  the  coronal  and  sagittal  sutures. 

Obelion.  A  point  in  the  sagittal  suture  on  a  level  with  the  parietal  foramina. 

Lambda.  The  point  of  junction  of  the  sagittal  and  lambdoidal  sutures. 

Occipital  Point.  The  point  in  the  middle  line  of  the  occipital  bone  farthest  from  the  glabella. 

Inion.  The  external  occipital  protuberance. 

Opisthion.  The  mid-point  of  the  posterior  margin  of  the  foramen  magnum. 

Ba8ion.  The  mid-point  of  the  anterior  margin  of  the  foramen  magnum. 

The  Points  on  Either  Side  of  the  Median  Plane  are  the: 

Gonion.  The  outer  margin  of  the  angle  of  the  mandible. 

Dacryon.  The  point  of  union  of  the  antero-superior  angle  of  the  lacrimal  with  the  frontal 
bone  and  the  frontal  process  of  the  maxilla. 

Stephanion.  The  point  where  the  temporal  line  intersects  the  coronal  suture. 

Pterion.  The  point  where  the  great  wing  of  the  sphenoid  joins  the  sphenoidal  angle  of  the 
parietal. 

Auricular  Point.  The  center  of  the  orifice  of  the  external  acoustic  meatus. 

Asterion.  The  point  of  meeting  of  the  lambdoidal,  mastooccipital,  and  mastoparietal  sutures. 

The  horizontal  circumference  of  the  cranium  is  measured  in  a  plane  passing  through  the  glabella 
(Turner)  or  the  ophryon  (Flower)  in  front,  and  the  occipital  point  behind;  it  averages  about 
50  cm.  in  the  female  and  52.5  cm.  in  the  male. 

The  occipitofrontal  or  longitudinal  arc  is  measured  from  the  nasion  over  the  middle  line  of  the 
vertex  to  the  opisthion:  while  the  basinasal  length  is  the  distance  between  the  basion  and  the 
nasion.  These  two  measurements,  plus  the  antero-posterior  diameter  of  the  foramen  magnum, 
represent  the  vertical  circumference  of  the  cranium. 

The  length  is  measured  from  the  glabella  to  the  occipital  point,  while  the  breadth  or  greatest 
transverse  diameter  is  usually  found  near  the  external  acoustic  meatus.  The  proportion  of 

,  ,  _  (breadth  X  100)  .  .  .  ,  .  _  .  ,  .  ,  . 

breadth  to  length  length  18  termec*  ^Pnalic  index  or  index  of  breadth. 

The  height  is  usually  measured  from  the  basion  to  the  bregma,  and  the  proportion  of  height 

to  length  height  X  100)  congtjtute8  verticai  or  height  index. 
length 

In  studying  the  face  the  principal  points  to  be  noticed  are  the  proportion  of  its  length  and 
breadth,  the  shape  of  the  orbits  and  of  the  anterior  nasal  aperture,  and  the  degree  of  projection 
of  the  jaws. 

The  length  of  the  face  may  be  measured  from  the  ophryon  or  nasion  to  the  chin,  or,  if  the  mandible 
be  wanting,  to  the  alveolar  point;  while  its  width  is  represented  by  the  distance  between  the 
zygomatic  arches.  By  comparing  the  length  with  the  width  of  the  face,  skulls  may  be  divided 
into  two  groups;  dolichofacial  or  leptoprosope  (long  faced)  and  brachyfacial  or  chemoprosope  (short 
faced). 

The  orbital  index  signifies  the  proportion  which  the  orbital  height  bears  to  the  orbital  width, 
thus : 

orbital  height  X  100 
orbital  width 

The  nasal  index  expresses  the  proportion  which  the  width  of  the  anterior  nasal  aperture  bears 
to  the  height  of  the  nose,  the  latter  being  measured  from  the  nasion  to  the  lower  margin  of  the 
nasal  aperture,  thus: 

nasal  width  X  100 
nasal  height 
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The  degree  of  projection  of  the  jaws  is  determined  by  the  gnathic  or  alveolar  index ,  which  repre¬ 
sents  the  proportion  between  the  basi&lveol&r  and  basinasal  lengths,  thus: 

basialveolar  length  X  100 
basinasal  length 

The  following  table,  modified  from  that  given  by  Duckworth,1  illustrates  how  these  different 
indices  may  be  utilized  in  the  classification  of  skulls: 


Index. 

Classification. 

Nomenclature. 

Examples. 

1.  Cephalic 

Below  75 

,  Between  75  and  80 
]  Above  80 

Dolichocephalic 

Mesaticephalic 

Brachycephalic 

Kaffirs  and  Native  Australians. 
Europeans  and  Chinese. 
Mongolians  and  Andamans. 

2.  Orbital 

■  Below  84 

Between  84  and  89 
Above  89 

Microseme 

Mesoseme 

Megaseme 

Tasmanians  and  Native  Austra¬ 
lians. 

Europeans. 

Chinese  and  Polynesians. 

3.  Nasal 

Below  48 

Between  48  and  53 
Above  53 

Leptorhine 
Mesorhine  | 

Platyrhine 

Europeans. 

Japanese  and  Chinese. 

Negroes  and  Native  Australians, 

4.  Gnathic 

Below  98 

Between  98  and  103 
Above  103 

Orthognathous 

Mesognathous 

Prognathous 

Europeans. 

Chinese  and  Japanese. 

Native  Australians. 

The  chief  function  of  the  skull  is  to  protect  the  brain,  and  therefore  those  portions  of  the  skull 
which  are  most  exposed  to  external  violence  are  thicker  than  those  which  are  shielded  from  injury 
by  overlying  muscles.  Thus,  the  skull-cap  is  thick  and  dense,  whereas  the  temporal  squama, 
being  protected  by  the  temporales  muscles,  and  the  inferior  occipital  fossae,  being  shielded  by  the 
muscles  at  the  back  of  the  neck,  are  thin  and  fragile.  Fracture  of  the  skull  is  further  prevented 
by  its  elasticity,  its  rounded  shape,  and  its  construction  of  a  number  of  secondary  elastic  arches, 
each  made  up  of  a  single  bone.  The  manner  in  which  vibrations  are  transmitted  through  the 
bones  of  the  skull  is  also  of  importance  as  regards  its  protective  mechanism,  at  all  events  as  far 
as  the  base  is  concerned.  In  the  vault,  the  bones  being  of  a  fairly  equal  thickness  and  density, 
vibrations  are  transmitted  in  a  uniform  manner  in  all  directions,  but  in  the  base,  owing  to  the 
varying  thickness  and  density  of  the  bones,  this  is  not  so;  and  therefore  in  this  situation  there 
are  special  buttresses  which  serve  to  carry  the  vibrations  in  certain  definite  directions.  At  the 
front  of  the  skull,  on  either  side,  is  the  ridge  which  separates  the  anterior  from  the  middle  fossa 
of  the  base;  and  behind,  the  ridge  or  buttress  which  separates  the  middle  from  the  posterior  fossa; 
and  if  any  violence  is  applied  to  the  vault,  the  vibrations  would  be  carried  along  these  buttresses 
to  the  sella  turcica,  where  they  meet.  This  part  has  been  termed  the  “center  of  resistance,” 
and  here  there  is  a  special  protective  mechanism  to  guard  the  brain.  The  subarachnoid  cavity 
at  the  base  of  the  brain  is  dilated,  and  the  cerebrospinal  fluid  which  fills  it  acts  as  a  water  cushion 
to  shield  the  brain  from  injury.  In  like  manner,  when  violence  is  applied  to  the  base  of  the  skull, 
as  in  falls  upon  the  feet,  the  vibrations  are  carried  backward  through  the  occipital  crest,  and 
forward  through  the  basilar  part  of  the  occipital  and  body  of  the  sphenoid  to  the  vault  of  the  skull. 

In  connection  with  the  bones  of  the  face  a  common  malformation  is  cleft  palate .  The  cleft 
usually  starts  posteriorly,  and  its  most  elementary  form  is  a  bifid  uvula;  or  the  cleft  may  extend 
through  the  soft  palate;  or  the  posterior  part  of  the  whole 
of  the  hard  palate  may  be  involved,  the  cleft  extending  as 
far  forward  as  the  incisive  foramen.  In  the  severest  forms, 
the  cleft  extends  through  the  alveolus  and  passes  between 
the  incisive  or  premaxillary  bone  and  the  rest  of  the  max¬ 
illa;  that  is  to  say,  between  the  lateral  incisor  and  canine 
teeth.  In  some  instances,  the  cleft  runs  between  the  central 
and  lateral  incisor  teeth;  and  this  has  induced  some 
anatomists  to  believe  that  the  premaxillary  bone  is  devel¬ 
oped  from  two  centers  (Fig.  202)  and  not  from  one,  as  was 
stated  on  p.  163.  The  medial  segment,  bearing  a  central 
incisor,  is  called  an  endognathion ;  the  lateral  segment,  bear¬ 
ing  the  lateral  incisor,  is  called  a  mesognathion.  The  cleft 
may  affect  one  or  both  sides;  if  the  latter,  the  central  part  is  frequently  displaced  forward  and  re¬ 
mains  united  to  the  septum  of  the  nose,  the  deficiency  in  the  alveolus  being  complicated  with  a  cleft 


Endognathion 


Fig.  202.  —The  premaxilla  and  ita  sutures. 
(After  Albrecht ) 


1  Morphology  and  Anthropology,  by  W.  L.  H.  Duckworth,  M.A.,  Cambridge  University  Press. 
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in  the  lip  (hare-lip).  On  examining  a  cleft  palate  in  which  the  alveolus  is  not  implicated,  the  cleft 
will  generally  appear  to  be  in  the  median  line,  but  occasionally  is  unilateral  and  in  some  cases  bilat¬ 
eral.  To  understand  this  it  must  be  bomein  mind  that  three  processes  are  concerned  in  the  formation 
of  the  palate — the  palatine  processes  of  the  two  maxilhe,  which  grow  in  horizontally  and  unite 
in  the  middle  line,  and  the  ethmo vomerine  process,  which  grows  downward  from  the  base  of 
the  skull  and  frontonasal  process  to  unite  with  the  palatine  processes  in  the  middle  line.  In 
those  cases  where  the  palatine  processes  fail  to  unite  with  each  other  and  with  the  medial  process, 
the  cleft  of  the  palate  is  median ;  where  one  palatine  process  unites  with  the  medial  septum,  the 
other  failing  to  do  so,  the  cleft  in  the  palate  is  unilateral.  In  some  cases  where  the  palatine  pro¬ 
cesses  fail  to  meet  in  the  middle,  the  ethmo  vomerine  process  grows  downward  between  them  and 
thus  produces  a  bilateral  cleft.  Occasionally  there  may  be  a  hole  in  the  middle  line  of  the  hard 
palate,  the  anterior  part  of  the  hard  and  the  soft  palate  being  perfect;  this  is  rare,  because,  as 
a  rule,  the  union  of  the  various  processes  progresses  from  before  backward,  and  therefore  the 
posterior  part  of  the  palate  is  more  frequently  defective  than  the  anterior. 


THE  EXTREMITIES. 

The  bones  by  which  the  upper  and  lower  limbs  are  attached  to  the  trunk  con¬ 
stitute  respectively  the  shoulder  and  pelvic  girdles.  The  shoulder  girdle  or  girdle 
of  the  superior  extremity  is  formed  by  the  scapulae  and  clavicles,  and  is  imperfect 
in  front  and  behind.  In  front,  however,  it  is  completed  by  the  upper  end  of  the 
sternum,  with  which  the  medial  ends  of  the  clavicles  articulate.  Behind,  it  is 
widely  imperfect,  the  scapulae  being  connected  to  the  trunk  by  muscles  only. 
The  pelvic  girdle  or  girdle  of  the  inferior  extremity  is  formed  by  the  hip  bones, 
which  articulate  with  each  other  in  front,  at  the  symphysis  pubis.  It  is  imperfect 
behind,  but  the  gap  is  filled  in  by  the  upper  part  of  the  sacrum.  The  pelvic  girdle, 
with  the  sacrum,  is  a  complete  ring,  massive  and  comparatively  rigid,  in  marked 
contrast  to  the  lightness  and  mobility  of  the  shoulder  girdle. 


THE  BONES  OF  THE  UPPER  EXTREMITY  (OSSA  EXTREMITATIS  SUPERIORIS). 
The  Clavicle  (Cl&vicula;  Collar  Bone). 

The  clavicle  (Figs.  203,  204)  forms  the  anterior  portion  of  the  shoulder  girdle. 
It  is  a  long  bone,  curved  somewhat  like  the  italic  letter/,  and  placed  nearly  horizon¬ 
tally  at  the  upper  and  anterior  part  of  the  thorax,  immediately  above  the  first 
rib.  It  articulates  medially  with  the  manubrium  sterni,  and  laterally  with  the 
acromion  of  the  scapula.1  It  presents  a  double  curvature,  the  convexity  being 
directed  forward  at  the  sternal  end,  and  the  concavity  at  the  scapular  end.  Its 
lateral  third  is  flattened  from  above  downward,  while  its  medial  two-thirds  is  of 
a  rounded  or  prismatic  form. 

The  upper  surface  of  the  lateral  third  is  flat,  rough,  and  marked  by  impressions 
for  the  attachments  of  the  Deltoideus  in  front,  and  the  Trapezius  behind;  between 
these  impressions  a  small  portion  of  the  bone  is  subcutaneous.  The  under  surface 
is  flat.  At  its  posterior  border,  near  the  point  where  the  prismatic  joins  with  the 
flattened  portion,  is  a  rough  eminence,  the  coracoid  tuberosity  {conoid  tubercle ); 
this,  in  the  natural  position  of  the  bone,  surmounts  the  coracoid  process  of  the 
scapula,  and  gives  attachment  to  the  conoid  ligament.  From  this  tuberosity  an 
oblique  ridge,  the  oblique  or  trapezoid  ridge,  runs  forward  and  lateral  ward,  and 
afford  attachment  to  the  trapezoid  ligament.  The  anterior  border  of  the  lateral 


1  The  clavicle  acU  especially  as  a  fulcrum  to  enable  the  muscles  to  give  lateral  motion  to  the  arm.  It  is  accordingly 
absent  in  those  animals  whose  fore-limbs  are  used  only  for  progression,  but  is  present  for  the  most  part  in  animab 
whose  anterior  extremities  are  clawed  and  used  for  prehension,  though  in  some  of  them — as,  for  instance,  in  a  large 
number  of  the  carnivora — it  is  merely  a  rudimentary  bone  suspended  among  the  muscles,  and  not  articulating  with 
either  the  scapula  or  sternum. 
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third  is  concave,  thin,  and  rough,  and  gives  attachment  to  fhe  Deltoideus.  The 
posterior  border  is  convex,  rough,  thicker  than  the  anterior,  and  gives  attachment 
to  the  Trapezius. 

The  medial  two-thirds  constitute  the  prismatic  portion  and  is  curved  so  as  to 
be  convex  in  front,  concave  behind.  The  anterior  border  is  continuous  with  the 
anterior  margin  of  the  flat  portion.  Its  lateral  part  is  smooth,  and  corresponds 
to  the  interval  between  the  attachments  of  the  Pectoralis  major  and  Deltoideus; 
its  medial  part  forms  the  lower  boundary  of  an  elliptical  surface  for  the  attachment 
of  the  clavicular  portion  of  the  Pectoralis  major,  and  approaches  the  posterior 


Sternal  extremity 


Acromial  extremity 


Fio.  203. — Left  clavicle.  Superior  surface. 


bonier  of  the  bone.  The  superior  border  is  continuous  with  the  posterior  margin 
of  the  flat  portion,  and  separates  the  anterior  from  the  posterior  surface.  Smooth 
and  rounded  laterally,  it  becomes  rough  toward  the  medial  third  for  the  attach¬ 
ment  of  the  Stemocleidomastoideus,  and  ends  at  the  upper  angle  of  the  sternal 
extremity.  The  posterior  or  subclavian  border  separates  the  posterior  from  the 
inferior  surface,  and  extends  from  the  coracoid  tuberosity  to  the  costal  tuberosity; 
it  forms  the  posterior  boundary  of  the  groove  for  the  Subclavius,  and  gives  attach¬ 
ment  to  a  layer  of  cervical  fascia  which  envelops  the  Omohyoideus.  The  anterior 
surface  is  included  between  the  superior  and  anterior  borders.  Its  lateral  part 


Articular  capsule 


Articular  capsule 


Fig.  204. — Left  clavicle.  Inferior  surface. 


loob  upward,  and  is  continuous  with  the  superior  surface  of  the  flattened  portion;  it 
is  smooth,  convex,  and  nearly  subcutaneous,  being  covered  only  by  the  Platysma. 
Medially  it  is  divided  by  a  narrow  subcutaneous  area  into  two  parts:  a  lower, 
elliptical  in  form,  and  directed  forward,  for  the  attachment  of  the  Pectoralis  major; 
and  an  upper  for  the  attachment  of  the  Stemocleidmastoideus.  The  posterior 
or  cervical  surface* is  smooth,  and  looks  backward  toward  the  root  of  the  neck. 
It  is  limited,  above,  by  the  superior  border;  below,  by  the  subclavian  border; 
medially,  by  the  margin  of  the  sternal  extremity;  and  laterally,  by  the  coracoid 
tuberosity.  It  is  concave  medio-laterally,  and  is  in  relation,  by  its  lower  part,  with 
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the  transverse  scapular  vessels.  This  surface,  at  the  junction  of  the  curves  of  the 
bone,  is  also  in  relation  with  the  brachial  plexus  of  nerves  and  the  subclavian  vessels. 
It  gives  attachment,  near  the  sternal  extremity,  to  part  of  the  Sternohyoideus ;  and 
presents,  near  the  middle,  an  oblique  foramen  directed  lateralward,  which  transmits 
the  chief  nutrient  artery  of  the  bone.  Sometimes  there  are  two  foramina  on  the 
posterior  surface,  or  one  on  the  posterior  and  another  on  the  inferior  surface.  The 
inferior  or  subclavian  surface  is  bounded,  in  front,  by  the  anterior  border;  behind, 
by  the  subclavian  border.  It  is  narrowed  medially,  but  gradually  increases  in  width 
laterally,  and  is  continuous  with  the  under  surface  of  the  flat  portion.  On  its 
medial  part  is  a  broad  rough  surface,  the  costal  tuberosity  (rhomboid  impression), 
rather  more  than  2  cm.  in  length,  for  the  attachment  of  the  costoclavicular  ligament. 
The  rest  of  this  surface  is  occupied  by  a  groove,  which  gives  attachment  to  the 
Subclavius;  the  coracoclavicular  fascia,  which  splits  to  enclose  the  muscle,  is 
attached  to  the  margins  of  the  groove.  Not  infrequently  this  groove  is  subdivided 
longitudinally  by  a  line  which  gives  attachment  to  the  intermuscular  septum  of  the 
Subclavius. 

The  Sternal  Extremity  (extremiias  sternalis ;  internal  extremity ). — The  sternal 
extremity  of  the  clavicle  is  triangular  in  form,  directed  medialward,  and  a  little 
downward  and  forward;  it  presents  an  articular  facet,  concave  from  before  back¬ 
ward,  convex  from  above  downward,  which  articulates  with  the  manubrium  sterni 
through  the  intervention  of  an  articular  disk.  The  lower  part  of  the  facet  is  con¬ 
tinued  on  to  the  inferior  surface  of  the  bone  as  a  small  semi-oval  area  for  articula¬ 
tion  with  the  cartilage  of  the  first  rib.  The  circumference  of  the  articular  surface 
is  rough,  for  the  attachment  of  numerous  ligaments;  the  upper  angle  gives  attach¬ 
ment  to  the  articular  disk. 

The  Acromial  Extremity  (extremitas  acromialis;  outer  extremity). — The  acromial 
extremity  presents  a  small,  flattened,  oval  surface  directed  obliquely  downward, 
for  articulation  with  the  acromion  of  the  scapula.  The  circumference  of  the 
•articular  facet  is  rough,  especially  above,  for  the  attachment  of  the  acromio¬ 
clavicular  ligaments. 

In  the  female,  the  clavicle  is  generally  shorter,  thinner,  less  curved,  and  smoother  than  in  the 
male.  In  those  persons  who  perform  considerable  manual  labor  it  becomes  thicker  and  more 
curved,  and  its  ridges  for  muscular  attachment  are  prominently  marked. 

Structure. — The  clavicle  consists  of  cancellous  tissue,  enveloped  by  a  compact  layer,  which 
is  much  thicker  in  the  intermediate  part  than  at  the  extremities  of  the  bone. 

Ossification. — The  clavicle  begins  to  ossify  before  any  other  bone  in  the  body;  it  is  ossified 
from  three  centers — viz.,  two  primary  centers,  a  medial  and  a  lateral,  for  the  body,1  which  appear 
during  the  fifth  or  sixth  week  of  fetal  life;  and  a  secondary  center  for  the  sternal  end,  which 
appears  about  the  eighteenth  or  twentieth  year,  and  unites  with  the  rest  of  the  bone  about  the 
twenty-fifth  year. 

The  Scapula  (Shoulder  Blade). 

The  scapula  forms  the  posterior  part  of  the  shoulder  girdle.  It  is  a  flat,  trian¬ 
gular  bone,  with  two  surfaces,  three  borders,  and  three  angles. 

Surfaces. — The  costal  or  ventral  surface  (Fig.  205)  presents  a  broad  concavity, 
the  subscapular  fossa.  The  medial  two-thirds  of  the  fossa  are  marked  by  several 
oblique  ridges,  which  run  lateralward  and  upward.  The  ridges  give  attachment 
to  the  tendinous  insertions,  and  the  surfaces  between  them  to  the  fleshy  fibers, 
of  the  Subscapularis.  The  lateral  third  of  the  fossa  is  smooth  and  covered  by  the 
fibers  of  this  muscle.  The  fossa  is  separated  from  the  vertebral  border  by  smooth 
triangular  areas  at  the  medial  and  inferior  angles,  and  in  the  interval  between 
these  by  a  narrow  ridge  which  is  often  deficient.  These  triangular  areas  and  the 
intervening  ridge  afford  attachment  to  the  Serratus  anterior.  At  the  upper  part 
of  the  fossa  is  a  transverse  depression,  where  the  bone  appears  to  be  bent  on  itself 

1  Mall,  American  Journal  of  Anatomy,  vol.  5;  Fawcett,  Journal  of  Anatomy  and  Physiology,  vol.  47. 
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along  a  line  at  right  angles  to  and  passing  through  the  center  of  the  glenoid  cavity, 
forming  a  considerable  angle,  called  the  subscapular  angle;  this  gives  greater 
strength  to  the  body  of  the  bone  by  its  arched  form,  while  the  summit  of  the 
arch  serves  to  support  the  spine  and  acromion. 

The  dorsal  surface  (Fig.  206)  is  arched  from  above  downward,  and  is  subdivided 
into  two  unequal  parts  by  the  spine;  the  portion  above  the  spine  is  called  the 
mpraspinatous  fossa,  and  that  below  it  the  infraspinatous  fossa. 

The  supr&spinatous  fossa,  the  smaller  of  the  two,  is  concave,  smooth,  and  broader 
at  its  vertebral  than  at  its  humeral  end;  its  medial  two-thirds  give  origin  to  the 
Supraspinatus. 

The  infraspinatous  fossa  is  much  larger  than  the  preceding;  toward  its  vertebral 
margin  a  shallow  concavity  is  seen  at  its  upper  part;  its  center  presents  a  promi¬ 
nent  convexity,  while  near  the  axillary  border  is  a  deep  groove  which  runs  from 
the  upper  toward  the  lower  part.  The  medial  two-thirds  of  the  fossa  give  origin 
to  the  Infraspinatus;  the  lateral  third  is  covered  by  this  muscle. 

The  dorsal  surface  is  marked  near  the  axillary  border  by  an  elevated  ridge, 
which  runs  from  the  lower  part  of  the  glenoid  cavity,  downward  and  backward 
to  the  vertebral  border,  about  2.5  cm.  above  the  inferior  angle.  The  ridge  serves 
for  the  attachment  of  a  fibrous  septum,  which  separates  the  Infraspinatus  from 
the  Teres  major  and  Teres  minor.  The  surface  between  the  ridge  and  the  axillary 
border  is  narrow  in  the  upper  two-thirds  of  its  extent,  and  is  crossed  near  its 
center  by  a  groove  for  the  passage  of  the  scapular  circumflex  vessels;  it  affords 
attachment  to  the  Teres  minor.  Its  lower  third  presents  a  broader,  somewhat 
triangular  surface,  which  gives  origin  to  the  Teres  major,  and  over  which  the  Latis- 
simus  dorsi  glides;  frequently  the  latter  muscle  takes  origin  by  a  few  fibers  from 
this  part.  The  broad  and  narrow  portions  above  alluded  to  are  separated  by  an 
oblique  line,  which  runs  from  the  axillary  border,  downward  and  backward,  to 
meet  the  elevated  ridge:  to  it  is  attached  a  fibrous  septum  which  separates  the 
Teres  muscles  from  each  other. 

The  Spine  (spina  scapulae). — The  spine  is  a  prominent  plate  of  bone,  which 
crosses  obliquely  the  medial  four-fifths  of  the  dorsal  surface  of  the  scapula  at  its 
upper  part,  and  separates  the  supra-  from  the  infraspinatous  fossa.  It  begins 
at  the  vertical  border  by  a  smooth,  triangular  area  over  which  the  tendon  of  inser¬ 
tion  of  the  lower  part  of  the  Trapezius  glides,  and,  gradually  becoming  more  ele¬ 
vated,  ends  in  the  acromion,  which  overhangs  the  shoulder-joint.  The  spine  is 
triangular,  and  flattened  from  above  downward,  its  apex  being  directed  toward 
the  vertebral  border.  It  presents  two  surfaces  and  three  borders.  Its  superior 
surface  is  concave;  it  assits  in  forming  the  supraspinatous  fossa,  and  gives  origin 
to  part  of  the  Supraspinatus.  Its  inferior  surface  forms  part  of  the  infraspinatous 
fossa,  gives  origin  to  a  portion  of  the  Infraspinatus,  and  presents  near  its  center 
the  orifice  of  a  nutrient  canal.  Of  the  three  borders,  the  anterior  is  attached  to  the 
dorsal  surface  of  the  bone;  the  posterior,  or  crest  of  the  spine,  is  broad,  and  presents 
two  lips  and  an  intervening  rough  interval.  The  Trapezius  is  attached  to  the  supe¬ 
rior  lip,  and  a  rough  tubercle  is  generally  seen  on  that  portion  of  the  spine  which 
receives  the  tendon  of  insertion  of  the  lower  part  of  this  muscle.  The  Deltoideus 
is  attached  to  the  whole  length  of  the  inferior  lip.  The  interval  between  the  lips 
is  subcutaneous  and  partly  covered  by  the  tendinous  fibers  of  these  muscles.  The 
lateral  border,  or  base,  the  shortest  of  the  three,  is  slightly  concave;  its  edge,  thick 
and  round,  is  continuous  above  with  the  under  surface  of  the  acromion,  below 
with  the  neck  of  the  scapula.  It  forms  the  medial  boundary  of  the  great  scapular 
notch,  which  serves  to  connect  the  supra-  and  infraspinatous  fossae. 

The  Acromion. — The  acromion  forms  the  summit  of  the  shoulder,  and  is  a  large, 
somewhat  triangular  or  oblong  process,  flattened  from  behind  forward,  projecting 
at  first  lateralward,  and  then  curving  forward  and  upward,  so  as  to  overhang  the 
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glenoid  cavity.  Its  superior  surface,  directed  upward,  backward,  and  lateral  ward, 
is  convex,  rough,  and  gives  attachment  to  some  fibers  of  the  Deltoideus,  and  in  the 
rest  of  its  extent  is  subcutaneous.  Its  inferior  surface  is  smooth  and  concave. 
Its  lateral  border  is  thick  and  irregular,  and  presents  three  or  four  tubercles  for  the 
tendinous  origins  of  the  Deltoideus.  Its  medial  border,  shorter  than  the  lateral, 
is  concave,  gives  attachment  to  a  portion  of  the  Trapezius,  and  presents  about 
its  center  a  small,  oval  surface  for  articulation  with  the  acromial  end  of  the  clavicle* 


C  or acc  acromial 
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Fiv;  20o,— Left  sciipuU  Costal  surface. 


Its  apex,  which  corresponds  to  the  point  of  meeting  of  these  two  borders  in  front, 
is  thin,  and  has  attached  to  it  the  eoraeoacromial  ligament. 

Borders. — Of  the  three  borders  of  the  scapula,  the  superior  is  the  shortest  and 
thinnest  ;  it  is  concave,  and  extends  from  the  medial  angle  to  the  base  of  the  cora¬ 
coid  process.  At  its  lateral  part  is  a  deep,  semicircular  notch,  the  scapular  notch. 
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formed  partly  by  the  base  of  the  coracoid  process.  This  notch  is  converted  into 
a  foramen  by  the  superior  transverse  ligament,  and  serves  for  the  passage  of  the 
suprascapular  nerve;  sometimes  the  ligament  is  ossified.  The  adjacent  part  of 
the  superior  border  affords  attachment  to  the  Omohvoideus.  The  axillary  border 


Coracohvmtral 

Ityatnent 


Camco-acromial  ligament 
*  .  Trapezoid  ligament 


Conoid  ligament 


Sup  trier 


fjtar  & 

Flo.  20t». — Left  jtfiapuhi.  Dorsal  surface. 


is  the  thickest  of  the  three.  It  begins  above  at  the  lower  margin  of  the  glenoid 
cavity,  and  inclines  obliquely  downward  and  backward  to  the  inferior  angle. 
Immediately  below*  the  glenoid  cavity  is  a  rough  impression,  the  infraglenoid 
tuberosity,  about  2.5  cm.  in  length,  which  gives  origin  to  the  long  head  of  the  Tri¬ 
ceps  brachii;  in  front  of  this  is  a  longitudinal  groove,  which  extends  as  far  as  the 
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lower  third  of  this  border,  and  affords  origin  to  part  of  the  Subscapularis.  The 
inferior  third  is  thin  and  sharp,  and  serves  for  the  attachment  of  a  few  fibers  of 
the  Teres  major  behind,  and  of  the  Subscapularis  in  front.  The  vertebral  border 
is  the  longest  of  the  three,  and  extends  from  the  medial  to  the  inferior  angle.  It 
is  arched,  intermediate  in  thickness  between  the  superior  and  the  axillary  borders, 
and  the  portion  of  it  above  the  spine  forms  an  obtuse  angle  with  the  part  below. 
This  border  presents  an  anterior  and  a  posterior  lip,  and  an  intermediate  narrow 
area.  The  anterior  lip  affords  attachment  to  the  Serratus  anterior;  the  posterior 
lip,  to  the  Supraspmatus  above  the  spine,  the  Infraspinatus  below;  the  area 
between  the  two  lips,  to  the  Levator  scapula"  above  the  triangular  surface  at  the 


Posterior  view  of  the  tborai  and  shoulder  girdle 


(Morris.) 

commencement  of  the  spine,  to  the  Rhomboideus  minor  on  the  edge  of  that  surface, 
and  to  the  Rhomboideus  major  below  it  ;  this  last  is  attached  by  means  of  a  fibrous 
arch,  connected  above  to  the  lower  part  of  the  triangular  surface  at  the  base  of 
the  spine,  and  below  to  the  lower  part  of  the  border. 

Angles. — Of  the  three  angles,  the  medial,  formed  by  the  junction  of  the  superior 
and  vertebral  borders,  is  thin,  smooth,  rounded,  inclined  somewhat  lateralward, 
and  gives  attachment  to  a  few  fibers  of  the  Levator  scapula*.  The  inferior  angle, 
thick  and  rough,  is  formed  by  the  union  of  the  vertebral  and  axillary  borders; 
its  dorsal  surface  affords  attachment  to  the  Teres  major  and  frequently  to  a  few 
fibers  of  the  Latissimus  dorsi.  The  lateral  angle  is  the  thickest  part  of  the  bone, 
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and  is  sometimes  called  the  head  of  the  scapula.  On  it  is  a  shallow  pyriform, 
articular  surface,  the  glenoid  cavity,  which  is  directed  lateralward  and  forward 
and  articulates  with  the  head  of  the  humerus;  it  is  broader  below  than  above 
and  its  vertical  diameter  is  the  longest.  The  surface  is  covered  with  cartilage 
in  the  fresh  state;  and  its  margins,  slightly  raised,  give  attachment  to  a  fibro¬ 
cartilaginous  structure,  the  glenoid&l  l&brum,  which  deepens  the  cavity.  At  its 
apex  is  a  slight  elevation,  the 
snpr&flenoid  tuberosity,  to  which 
the  long  head  of  the  Biceps 
brachii  is  attached.  The  neck 
of  the  scapula  is  the  slightly 
constricted  portion  which  sur¬ 
rounds  the  head;  it  is  more  dis¬ 
tinct  below  and  behind  than 
above  and  in  front. 

The  Coracoid  Process  (processus 
coracoideus).  —  The  coracoid  pro¬ 
cess  is  a  thick  curved  process  at¬ 
tached  by  a  broad  base  to  the 
upper  part  of  the  neck  of  the 
scapula;  it  runs  at  first  upward 
and  medialward;  then,  becoming 
smaller,  it  changes  its  direction, 
and  projects  forward  and  lateral- 
ward.  The  ascending  portion, 
flattened  from  before  backward, 
presents  in  front  a  smooth  con¬ 
cave  surface,  across  which  the 
Subscapularis  passes.  The  hori¬ 
zontal  portion  is  flattened  from 
above  downward;  its  upper  sur¬ 
face  is  convex  and  irregular,  and 
gives  attachment  to  the  Pector- 
alis  minor;  its  under  surface  is 
smooth;  its  medial  and  lateral 
borders  are  rough;  the  former 
gives  attachment  to  the  Pectoralis 
minor  and  the  latter  to  the  cora- 
coacromial  ligament;  the  apex  is 
embraced  by  the  conjoined  tendon 
of  origin  of  the  Coracobrachialis 
and  short  head  of  the  Biceps 
brachii  and  gives  attachment  to 
the  coracoclavicular  fascia.  On 
the  medial  part  of  the  root  of  the 
coracoid  process  is  a  rough  im¬ 
pression  for  the  attachment  of 
the  conoid  ligament;  and  running  from  it  obliquely  forward  and  lateralward, 
on  to  the  upper  surface  of  the  horizontal  portion,  is  an  elevated  ridge  for  the 
attachment  of  the  trapezoid  ligament. 


Axillary  border 


- Inferior  angle 
Fia.  203. — Left  scapula.  Lateral  view. 


Structure. — The  head,  processes,  and  the  thickened  parts  of  the  bone,  contain  cancellous 
tusue;  the  rest  consists  of  a  thin  layer  of  compact  tissue.  The  central  part  of  the  supraspinatous 
fossa  and  the  upper  part  of  the  infraspinatous  fossa,  but  especially  the  former,  are  usually  so  thin 
tttobe  semitransparent;  occasionally  the  bone  is  found  wanting  in  this  situation,  and  the  adjacent 
®0Bcles  are  separated  only  by  fibrous  tissue. 
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Ossification  (Fig.  209). — The  scapula  is  ossified  from  seven  or  more  centers:  one  for  the  body, 
two  for  the  coracoid  process,  two  for  the  acromion,  one  for  the  vertebral  border,  and  one  for  the 
inferior  angle. 

Ossification  of  the  body  begins  about  the  second  month  of  fetal  life,  by  the  formation  of  an 
irregular  quadrilateral  plate  of  bone,  immediately  behind  the  glenoid  cavity.  This  plate  extends 
so  as  to  form  the  chief  part  of  the  bone,  the  spine  growing  up  from  its  dorsal  surface  about  the 
third  month.  At  birth,  a  large  part  of  the  scapula  is  osseous,  but  the  glenoid  cavity,  the  coracoid 
process,  the  acromion,  the  vertebral  border,  and  the  inferior  angle  are  cartilaginous.  From  the 
fifteenth  to  the  eighteenth  month  after  birth,  ossification  takes  place  in  the  middle  of  the  coracoid 
process,  which  as  a  rule  becomes  joined  with  the  rest  of  the  bone  about  the  fifteenth  year.  Between 
the  fourteenth  and  twentieth  years,  ossification  of  the  remaining  parts  takes  place  in  quick  succes¬ 
sion,  and  usually  in  the  following  order;  first,  in  the  root  of  the  coracoid  process,  in  the  form  of  a 
broad  scale;  secondly,  near  the  base  of  the  acromion;  thirdly,  in  the  inferior  angle  and  contiguous 
part  of  the  vertebral  border;  fourthly,  near  the  extremity  of  the  acromion;  fifthly,  in  the  vertebral 
border.  The  base  of  the  acromion  is  formed  by  an  extension  from  the  spine;  the  two  separate 
nuclei  of  the  acromion  unite,  and  then  join  with  the  extension  from  the  spine.  The  upper  third 


Fia.  209. — Plan  of  ossification  of  the  scapula.  From  seven  centers. 

of  the  glenoid  cavity  is  ossified  from  a  separate  center  (subcoracoid),  which  makes  its  appear¬ 
ance  between  the  tenth  and  eleventh  years  and  joins  between  the  sixteenth  and  the  eighteenth. 
Further,  an  epiphysial  plate  appears  for  the  lower  part  of  the  glenoid  cavity,  while  the  tip  of  the 
coracoid  process  frequently  presents  a  separate  nucleus.  These  various  epiphyses  are  joined 
to  the  bone  by  the  twenty-fifth  year.  Failure  of  bony  union  between  the  acromion  and  spine 
sometimes  occurs,  the  junction  being  effected  by  fibrous  tissue,  or  by  an  imperfect  articulation; 
in  some  cases  of  supposed  fracture  of  the  acromion  with  ligamentous  union,  it  is  probable  that 
the  detached  segment  was  never  united  to  the  rest  of  the  bone. 

The  Humerus  (Arm  Bone). 

The  humerus  (Figs.  211,  212)  is  the  longest  and  largest  bone  of  the  upper 
extremity;  it  is  divisible  into  a  body  and  two  extremities. 

Upper  Extremity. — The  upper  extremity  consists  of  a  large  rounded  head  joined 
to  the  body  by  a  constricted  portion  called  the  neck,  and  two  eminences,  the  greater 
and  lesser  tubercles. 
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The  Head  (caput  humeri ). — The  head  (Fig.  210),  nearly  hemispherical  in  form*1 
is  directed  upward,  medialward,  and  a  little  backward,  and  articulates  with  the 
glenoid  cavity  of  the  scapula.  The  circumference  of  its  articular  surface  is  slightly 
omstrieted  and  is  termed  the  anatomical  neck,  in  con  trad  isti  fiction  to  a  constriction 
below  the  tubercles  called  the  surgical  neck  which  is  frequently  the  seat  of  fracture. 
Fracture  of  the  anatomical  neck  rarely  occurs. 

The  Anatomical  Neck  (cotlum  anatouxicum )  is  obliquely  directed,  forming  an 
obtuse  angle  with  the  body.  It  is  best  marked  in  the  lower  half  of  its  circum¬ 
ference;  in  the  upper  half  it  is  represented  by  a  narrow  groove  separating  the  head 
from  the  tubercles.  It  affords  attachment  to  the  articular  capsule  of  the  shoulder- 
joint,  and  is  perforated  by  numerous  vascular  foramina. 

The  Greater  Tubercle  ( tuberculum  majus;  greater  tuberosity)  —The  greater 
tuterde  is  situated  lateral  to  the  head  and  lesser  tubercle.  Its  upper  surface  is 
rounded  and  marked  by  three  flat  impressions:  the  highest  of  these  gives  insertion 
to  the  Supraspinatus;  the  middle  to  the  Infraspinatus;  the  lowest  one,  and  the 
body  of  the  bone  for  about  2.5  cm.  below  it,  to  the  Teres  minor.  The  lateral 
surface  of  the  greater  tubercle  is  convex,  rough,  and  continuous  with  the  lateral 
surface  of  the  body. 


Intcrtulitrcular  sulcus 
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Fig.  210 — Th<*  upper  end  of  the  left  hurnerim.  Superior  aspect 


The  Lesser  Tubercle  (tuberculum  minus ;  lesser  tuberosity)^ The  lesser  tubercle, 
although  smaller,  is  more  prominent  than  the  greater:  it  is  situated  in  front,  and 
is  directed  medialward  and  forward.  Above  and  in  front  it  presents  an  impression 
for  the  insertion  of  the  tendon  of  the  Subseapularis. 

The  tubercles  are  separated  from  each  other  by  a  deep  groove,  the  intertubercular 
groove  ( bicipital  groove )f  which  lodges  the  long  tendon  of  the  Biceps  braehii  and 
traa?mits  a  branch  of  the  anterior  humeral  circumflex  artery  to  the  shoulder-joint. 
It  runs  obliquely  downward,  and  ends  near  the  junction  of  the  upper  with  the 
middle  third  of  the  bone.  In  the  fresh  state  its  upper  part  is  covered  with  a 
thin  layer  of  cartilage,  lined  by  a  prolongation  of  the  synovial  membrane  of  the 
shoulder-joint;  its  lower  portion  gives  insertion  to  the  tendon  of  the  Latissirmis 
dorsi.  It  is  deep  and  narrow"  above,  and  becomes  shallow  and  a  little  broader 
as  it  descends.  Its  lips  are  called,  respectively,  the  crests  of  the  greater  and  lesser 
tubercles  (bicipital  ridges ),  and  form  the  upper  parts  of  the  anterior  and  medial 
borders  of  the  hodv  of  the  hone. 


the  head  ix  m'uri y  hemispherical  in  form,  its  margin,  aa  Humphry  has  shown,  is  hy  no  means  3  true  circle, 
chxmeter  hi,  from  the  top  of  the  intertubercular  groove  in  a  direction  downward,  medial  ward  and  back- 
lUnet  if.  follow#  that  the  greatest  elevation  of  the  arm  ran  Ire. obtained  by  rolling  the  articular  surface  in  this 
that  i*  to  *a>\  obliquely  upward,  lateralward.  and  forward. 


-Left  humerus.  Posterior  view. 
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The  Body  or  Shaft  {corpus  humeri). — The  body  is  almost  cylindrical  in  the  upper 
half  of  its  extent,  prismatic  and  flattened  below,  and  has  three  borders  and  three 
surfaces. 

Borders. — The  anterior  border  runs  from  the  front  of  the  greater  tubercle  above 
to  the  coronoid  fossa  below,  separating  the  antero-medial  from  the  antero-lateral 
surface.  Its  upper  partis  a  prominent  ridge,  the  crest  of  the  greater  tubercle; 
it  serves  for  the  insertion  of  the  tendon  of  the  Pectoralis  major.  About  its  center 
it  forms  the  anterior  boundary  of  the  deltoid  tuberosity;  below,  it  is  smooth  and 
rounded,  affording  attachment  to  the  Brachialis. 

The  lateral  border  runs  from  the  back  part  of  the  greater  tubercle  to  the 
lateral  epicondyle,  and  separatee  the  antero-lateral  from  the  posterior  surface.  Its 
upper  half  is  rounded  and  indistinctly  marked,  serving  for  the  attachment  of  the 
lower  part  of  the  insertion  of  the  Teres  minor,  and  below  this  giving  origin  to  the 
lateral  head  of  the  Triceps  brachii;  its  center  is  traversed  by  a  broad  but  shallow 
oblique  depression,  the  radial  sulcus  {musculospiral  groove).  Its  lower  part  forms  a 
prominent,  rough  margin,  a  little  curved  from  behind  forward,  the  lateral  supra¬ 
condylar  ridge,  which  presents  an  anterior  lip  for  the  origin  of  the  Brachioradialis 
above,  and  Extensor  carpi  radialis  longus  below,  a  posterior  lip  for  the  Triceps 
brachii,  and  an  intermediate  ridge  for  the  attachment  of  the  lateral  intermuscular 
septum. 

The  medial  border  extends  from  the  lesser  tubercle  to  the  medial  epicondyle.  Its 
upper  third  consists  of  a  prominent  ridge,  the  crest  of  the  lesser  tubercle,  which  gives 
insertion  to  the  tendon  of  the  Teres  major.  About  its  center  is  a  slight  impression 
for  the  insertion  of  the  Coracobrachialis,  and  just  below  this  is  the  entrance  of  the 
nutrient  canal,  directed  downward;  sometimes  there  is  a  second  nutrient  canal 
at  the  commencement  of  the  radial  sulcus.  The  inferior  third  of  this  border  is 
raised  into  a  slight  ridge,  the  medial  supracondylar  ridge,  which  becomes  very 
prominent  below;  it  presents  an  anterior  lip  for  the  origins  of  the  Brachialis  and 
Pronator  teres,  a  posterior  lip  for  the  medial  head  of  the  Triceps  brachii,  and  an 
intermediate  ridge  for  the  attachment  of  the  medial  intermuscular  septum. 

Surfaces. — The  antero-lateral  surface  is  directed  lateralward  above,  where  it  is 
smooth,  rounded,  and  covered  by  the  Deltoideus;  forward  and  lateralward  below, 
where  it  is  slightly  concave  from  above  downward,  and  gives  origin  to  part  of  the 
Brachialis.  About  the  middle  of  this  surface  is  a  rough,  triangular  elevation,  the 
deltoid  tuberosity  for  the  insertion  of  the  Deltoideus;  below  this  is  the  radial  sulcus, 
directed  obliquely  from  behind,  forward,  and  downward,  and  transmitting  the 
radial  nerve  and  profunda  artery. 

The  antero-medial  surface,  less  extensive  than  the  antero-lateral,  is  directed 
medial  ward  above,  forward  and  medial  ward  below;  its  upper  part  is  narrow,  and 
forms  the  floor  of  the  intertubercular  groove  which  gives  insertion  to  the  tendon  of 
the  Latissimus  dorsi;  its  middle  part  is  slightly  rough  for  the  attachment  of  some  of 
the  fibers  of  the  tendon  of  insertion  of  the  Coracobrachialis;  its  lower  part  is 
smooth,  concave  from  above  downward,  and  gives  origin  to  the  Brachialis.1 

The  posterior  surface  appears  somewhat  twisted,  so  that  its  upper  part  is 
directed  a  little  medialward,  its  lower  part  backward  and  a  little  lateralward. 
Nearly  the  whole  of  this  surface  is  covered  by  the  lateral  and  medial  heads  of 
the  Triceps  brachii,  the  former  arising  above,  the  latter  below  the  radial 
sulcus. 

The  Lower  Extremity. — The  lower  extremity  is  flattened  from  before  backward, 
and  curved  slightly  forward;  it  ends  below  in  a  broad,  articular  surface,  which  is 
divided  into  two  parts  by  a  slight  ridge.  Projecting  on  either  side  are  the  lateral 
and  medial  epicondyles.  The  articular  surface  extends  a  little  lower  than  the 
epieondyles,  and  is  curved  slightly  forward ;  its  medial  extremity  occupies  a  lower 
level  than  the  lateral.  The  lateral  portion  of  this  surface  consists  of  a  smooth, 
rounded  eminence,  named  the  capitulum  of  the  humerus;  it  articulates  with  the  cup- 
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shaped  iflepressioft'W  iHer  head- of  the  mlms,  and  is  lijpjied  rp  the  front  and  lowr 
part of  the  bone.  On  the  inediai  side  of  tlu*  eminence  h  u  shallo'#  groove,  in  wtifcfc- 
is  revived  the  medial  murgio  of  the  head  of  the  nuism  Abtwe  die  front  part 
of  tier  capitolntn  is  a  .<light: depression,  the  radial  fossa,  whkh  receives  the  anterior 
border  of  the  head  of  the  radius,  whet)  the. forearm  is  flexed.  The  medial  portion' 
of  the  articular  -iiufiwv-  is  linrnei_|  the  trochlea,  and  presents  ft.  deep  tiepre.-siou  bte 
tween  tw<f  weil-miifjked  fobrders;;  it  is  convex  from  before,  backward,  concave  from 
side  to  side,  and  occupies  the  anterior,  tewi  i\  and  posterior  parts  <-.f  the  e.Ytreimtv. 
Thd  lateral  hordcir  separates  it,  from  the  groove  which  [.articulates  with  t die  margin 
of  trie  head  of  tire  mditrs.  The  medial  border  is  thicker,  of  greater  length,  arid 
consequently  more  prominent,  than  the  lateral..  The  grooved  portion  of  the  artit> 
ukr  surface  fits  ueeurat-elywithm  the  semilunar  notch  of  the  ulna :  it  is  broader  and 
deeper  on  tbe  jinsttrior  than  no  the:  anterior  aspect  of  the  hone,  irielihed 

obliquely  downward  and  forward  toward  the  medial  side.  Above  the  front  part, 

process  df  the  ulna  during  fiexibn  of  the  forearm-  Above  the  back  part  fit'  the  troch¬ 
lea  is  a  deep  triangular  depression,  the  olecranon  fossa,  in  which  the  summit  of  tbe 
okcrSfldih  is  received  in  extension  of  the  forearm  These  fossae  are  separated  from 
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on#  another  by  &  thin,  tratopaHnit  laroimi  of  bone;  whifh  is  smnehmtw  |  wriWated 
by  *i  supratrochlear  foramen;  they  are  lined  in  the  fresh  state  by  the  synovial 
membfiuHr  of  the  elbow-joint,  arid  their  margins  .afford  attachment  to  the  anterior 
and  posterior  ligaments  of  this  artieuiation.  The  latwal  epicoadyle  is  a  s.rimlb 
tubercnhvted  eminenee,  eurved  tv  little  forward,  and  giving  to  the  radial 

eoilateral  ligament;  of  the  ethow-ioint, yand  to  a  tendoti  common  to  the  origin  oi 
the • '.Supinator  and  some  of  the  EW'ligpr  mt^cles.  The  medial  epicondyley  hirger 
and.  more  prominent  than  the  lateral,  is  directed  a  little  btirkw afvl ;  it  give-  attach- 
r.uvnx  to  the  ulnar  eollatehii  ligament  of  the  eHyow-joint,  to  the  Pronator  tcred, 
arid  to  a  common  tendon  of  origin  of  most  of  the,  Flexor  muscles  of  the  forearm; 
the  ulnar  n.ervr  rims  in  a  groove  on  the  buck  of  this  epicondy.lt*.  The  epicuudA  les 
are  continuous  above  w  ith  the  supnievm«l.yla:r  ridges. 

Structiira.  — -Tl^  extremities?,  of  nhawlliim.  Us$tie,:  Govern i  with  a.  thm,  iay  *x 


CuAif  'hit*: . 
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l  A  smalt'  t**x<fc~9H£ptf  >1  pruefesa  -of  hone, fth,e  Kitp)  brCfnUjjbjr  20  mm.  ia  Ien<t»  .  _ _ 

qutmdy  Cpirirpi  pp»f :  ting  from  ilvi  ni*uifro-m^Ttel  *ur itfru  AfUte  l>o  Jv  ufr  tbt*  h.mt)<*rus  b  cm  &b,ov.e  the  meniiiiyfycomJTW. 
It  is  curved  riAKmvarfi  ati«i  fQr^stfcd,  AmJata  pAi  bred :^wi.  i*  drounerTe*!  to  Ute  medial  border,  |u*i  fctiuv*  L ,  i:„ 

ttoicondy.le,  by  s*  fibrous  b%nd,  which  gives  origin  to  a  goriiAti  of  the  Prouator  lent**;  through  the  arch  compeiievi "hy 


which  gives  origin  t/>  a 


t.fvi-j  Bbroiia  baud  the  mndi^w  riCTyp  ^nd  bra^hiaJ  art#ry  f>a^/  when  these  structures-  detiou?  irtun  their  U^ueij  eourtw, 
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ampr<r*9itm‘  divrin? Hut  couAraetmo  Of  th<E>  jrauaeie^  t u  t his  t  ege jji. 


Sprhstiaitesi  the  tn*rve  aloiih'w  trAuyintiteti  through  It,  or  th*  fierve  may  X>f  accpmr«amed  b>J  the  ulnar  artery 

aif  high  division  «i|  Uii?  hmchjiV  A  ....Z  , — - T  .... !  L 

artery  are  kuijgt?il.  Tbi>  iwli  U  tiW  hotuoloarlm  ot  the  supractmdybid  furainvn  found  in 
serves  in  them  to  proitet  the  nerve  aod  artery  from  Cu 
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Owii&atiwi  fFigp.  hximzrm  is  *m i- 

&$hl  ceaaters^  one  tot  each  of  the  following 
jwr?*:'  <ke  body*  the  bead/  the  greater  tubercle,  ilte 
Safer  tubercle,  the-  capittflUKh  the  tfc»ehk<a, i  mi  ana 
f<* Csch epi&tadyfo*  The  center  for  the. body'  appear? 
iOir  Uw  ouddie  of  the  bone  in  the  eighth  week  of  feta) 
Me.  and  aoott  extend*  toward  the  exUv  fnitks.  At  birth 
the  buiricrue  is  ossified  in  nearly  its  whole  length,  only 
tk*  ^treinrtiwsi  pt^itairiing  eartdaginous.  During  the 
fcfejw*  before  birtht  o^ihr^tion  eotniuenees 

m  tiy  hivid  of  the  feotte*  and  during  the  third  year  the 
for  the  gfe&iier  tttbercfe/khd  during  the  fifth  that 
f  or  the  lesser  tubetde,  make  their  a|ir?earahee.  By  the 
wah  jm;  thp  centers  fftr-ibe  hmd  -and  tubercles  h&Vfc 
iwmd,  so  m  \<t  Uitm  &.  single  huge .^piptiy m,  winch  fanes 
intb •'< Yw*it3^ -fldboitJtJt .  : jf TWfciwer  end 

•sf  U»e  humeftfe-  for  sfeafifef;  *i  /allows.  At  the  end  of 
t Urn  second  o^he^iiau  begins  in  the  eapHuiu&v 

*nd  Ae  hhihf  Part  of  the 

Articular  exui'rtf  the  fedtee;.th».  deniet'  for  Uie  medial. .part 
<*  ihp  tfCreJjJea  appears  njboat  the  age  of  twelve  Omh- 
^iotn  fegitis  in  ita/  medial  op hiCfndyje  about  the  fifth 
$>&\p3D$$oi  the  lateral  about  the  thirteenth  or  four- 
ffejfea  .year. 


gpiphyvtal  line 


About  the  sixteenth  or  tsevent^enth  yfe#- 
spicondyle  and  both  portions  .of  the  drtaefi- 
Wthti.  ^irfa:*., ’ baying,  already •'jaiiied,  man  'with  the 
i^4V,  and  at  the  eighteenth  year  the  medial  epieon- 
4fi*  bs?eomte*  jpmoil  to  it. 


[  ».-.  J 1  i  —Vofttfiftuthftjjj  Sfc^fio*  «*i  ft b**ti  of 
'■■'  ffijkf/uitferit*.  ' 
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adult.  Anterior  aaptsco  The  tinea  of  attachment  ol 
ffafl  articular  capsuled  «n*.  in  b|im.. 
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The  Ulna  (Elbow  Bone}.' 

The  olaa  (Jigs.  217/ 21$)  is  a  long  bone,  prismatic  iii  form,  placed  at  the  media) 
side  of  the  fort-arm,  parallel  with  the  radius.  It  is  divisible  into  a  body  and 
two  extremities.  Its  upper  extremity,  of  groat  thickness  and  strength,  forms 
a  large  part  of  the  elbow-joint;  the  bone  diminishes  in  size  from  above  downward, 

its  lower  extremity  being  very  small,  and  excluded 
from  the  wrist-joint  by  the  interposition  of  an 
articular  disk. 

The  Upper  Extremity  (proximal  cztrmiily)  (Tig. 
^.l7)  y-~The  upper  extiremfoy.  presents  two  curved 
processes,  the  the  etjrmioid  process; 

and  two eoncaevw, ait&idur  cavities,  the  semilunst 
and  radial  notches, 

The  Olecranon  (olecranon  procr.m.^-The  oleera- 
tioh  Js  a  large,  tipefc,  eurm!  eminwite,  sit 
at  the  upper  and  hack  part-  of  the  ulna It  is  bent 
forwartl  at  the  summit  so  sk  to-  pj&smt  a  promi¬ 
nent  lip  which  b  received  into  the  olecranon  fossa 
of  rht-  htjiTiems  in 


OijtcffiMn 


^xtexmon  <*£  'S&jv&rm,  Its 
base  fe  contracted  inhere  it  pms  the  body  ami  the 
tiartow^st  part  of  the  upper  end  of  the  ulna ,  Its 
posterior  surface,  directed  backward,  is  triangular, 
smooth*.  subcutaiieoVisv  a*wd  covered  by  a  hurSiV. 
rts  superior  surface  is  of  quadrilateral  fdrm;^rfekl’ 
behind  b>'  the  Insbrtioii  tisT 

brachii;  and  in  front,  near  the 
by  &  slight ^traiisrerse  groove  for  the  otmehuH'iH 
of  part  of  the  posttjHor  ligament  of  the 
Its  anterior  surface  i?;  .-mmmh,  euircave,  and  forms 
the  upper  ptert  of  . the  semilunar  huMn  Its  borders 
present  ^ntihuations  Of  t he  groove  m\  the  margin 
of  thesitpieriof  they  serve  for  the  nt taoh> 

t  of  !fgamefi%:vi%;Ibe  hack  part  of  the  ulna r 
collateral  nmi  the  posterior 

j'rimv'the  met]  iai  border  a  p4tt 

of  .carpi' t&;:  the 

lateral  border  the  Aneojnvus  is  attneiiai. 

The  Coroaoid  Process  Xprwwsiifi  tyr&notdrmy;-—' 
The  eoronoiri  process  u  a  triangular  .  'eruineoee 
projecting  forward  from  the  upper  and  front  part 

pf  theulmfv  '  Ityfe&ss  i.a vmthiimis 'with  the  IkkIv 

of  tiit*  hope,  and  of  considerable  .strength-  :|t$ 
apex  is  pointed,  slightly  cut ved  upward,  mo  in' 
fleedah  of  t  he  forearm  is  reeeiv'yd  into  the  eoronwd 
fossa  of  tlie  humerus.  Its  tipper  surface  is  smooth,  Concave,  and  .forms  the  lower 
part  of  the  wmiiuij&r  notch;  Its  antero-inlerior  surface  is  concave.  mid  marked  l»y 
a  rough  impression  for  tire  insertion  of  the  Brnckwlts.  At  liar  junction  of  this 
surface  nil h  the  front  of  the  bod\  is  a  n*qgh  emihunre,  the  tuberosity  of  the  ulna, 
o hick  gives  insertion  to  a  part  of  the  IMicJyiaUs,  to  the  lateral  border  of  rids 
tuberosity  the  oblique  -cord  is  attached... .  lt&  lateral  .surface  presents  a  narrow, 
oblong,,  ^inticiija r dujir^uti the  radial  nfrtch.  It*  medial  surface,  by  its  prominent. 


{  ?);-f ;/'»*> i 

'  ,pftjCC£A 


•Cfcpor  ?*tpcfftity  r>f  left,  ahut. 
r nigral 


V}V'-1%‘  n.n&twyncit}  rnw'^Vry  -Tiiv  -  -  j^o  ^JUffituaoa- -wiffi  H'f* 

->inci  ).he :  thiuuYt  on  Uie  .-•no  r  ;nl-  . 
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free  margin,  serves  for  the  attachment  of  part  of  the  ulnar  collateral  ligament. 
At  the  front  part  of  this  surface  is  a  small  rounded  eminence  for  the  origin 
of  one  head  of  the  Flexor  digitorum  sublimis;  behind  the  eminence  is  a  depression 
for  part  of  the  origin  of  the  Flexor  digitorum  profundus;  descending  from  the 
eminence  is  a  ridge  which  gives  origin  to  one  head  of  the  Pronator  teres.  Fre¬ 
quently,  the  Flexor  pollicis  longus  arises  from  the  lower  part  of  the  coronoid 
process  by  a  rounded  bundle  of  muscular  fibers. 

The  Semilunar  Notch  ( incisura  semilunaris;  greater  sigmoid  cavity ). — The  semi¬ 
lunar  notch  is  a  large  depression,  formed  by  the  olecranon  and  the  coronoid  process, 
and  serving  for  articulation  with  the  trochlea  of  the  humerus.  About  the  middle 
of  either  side  of  this  notch  is  an  indentation,  which  contracts  it  somewhat,  and 
indicates  the  junction  of  the  olecranon  and  the  coronoid  process.  The  notch  is 
concave  from  above  downward,  and  divided  into  a  medial  and  a  lateral  portion  by 
a  smooth  ridge  running  from  the  summit  of  the  olecranon  to  the  tip  of  the  coronoid 
process.  The  medial  portion  is  the  larger,  and  is  slightly  concave  transversely; 
the  lateral  is  convex  above,  slightly  concave  below. 

The  Radial  Notch  (i incisura  radialis;  lesser  sigmoid  cavity). — The  radial  notch 
is  a  narrow",  oblong,  articular  depression  on  the  lateral  side  of  the  coronoid  process; 
it  receives  the  circumferential  articular  surface  of  the  head  of  the  radius.  It  is 
concave  from  before  backward,  and  its  prominent  extremities  serve  for  the  attach¬ 
ment  of  the  annular  ligament. 

The  Body  or  Shaft  (corpus  ulna). — The  body  at  its  upper  part  is  prismatic 
in  form,  and  curved  so  as  to  be  convex  behind  and  lateralward;  its  central  part 
is  straight;  its  lower  part  is  rounded,  smooth,  and  bent  a  little  lateralward.  It 
tapers  gradually  from  above  downward,  and  has  three  borders  and  three  surfaces. 

Borders. — The  volar  border  (margo  volaris;  anterior  border)  begins  above  at  the 
prominent  medial  angle  of  the  coronoid  process,  and  ends  below  in  front  of  the 
styloid  process.  Its  upper  part,  well-defined,  and  its  middle  portion,  smooth  and 
rounded,  give  origin  to  the  Flexor  digitorum  profundus;  its  lower  fourth  serves 
for  the  origin  of  the  Pronator  quadratus.  This  border  separates  the  volar  from 
the  medial  surface. 

The  dorsal  border  (margo  dorsalis;  posterior  border)  begins  above  at  the  apex  of 
the  triangular  subcutaneous  surface  at  the  back  part  of  the  olecranon,  and  ends 
below  at  the  back  of  the  styloid  process;  it  is  well-marked  in  the  upper  three- 
fourths,  and  gives  attachment  to  an  aponeurosis  which  affords  a  common  origin  tc 
the  Flexor  carpi  ulnaris,  the  Extensor  carpi  ulnaris,  and  the  Flexor  digitorum  pro¬ 
fundus;  its  low  er  fourth  is  smooth  and  rounded.  This  border  separates  the  medial 
from  the  dorsal  surface. 

The  interosseous  crest  (crista  interossea;  external  or  interosseous  border)  begins 
above  by  the  union  of  two  lines,  which  converge  from  the  extremities  of  the  radial 
notch  and  enclose  between  jthem  a  triangular  space  for  the  origin  of  part  of  the 
Supinator;  it  ends  below  at  the  head  of  the  ulna.  Its  upper  part  is  sharp,  its  lower 
fourth  smooth  and  rounded.  This  crest  gives  attachment  to  the  interosseous  mem¬ 
brane,  and  separates  the  volar  from  the  dorsal  surface. 

Surfaces. — The  volar  surface  (facies  volaris;  anterior  surface ),  much  broader 
above  than  below,  is  concave  in  its  upper  three-fourths,  and  gives  origin  to  the 
Flexor  digitorum  profundus;  its  lowrer  fourth,  also  concave,  is  covered  by  the 
Pronator  quadratus.  The  lower  fourth  is  separated  from  the  remaining  portion 
bv  a  ridge,  directed  obliquely  downward  and  medialward,  which  marks  the  extent 
of  origin  of  the  Pronator  quadratus.  At  the  junction  of  the  upper  with  the 
middle  third  of  the  bone  is  the  nutrient  canal,  directed  obliquely  upward. 

The  dorsal  surface  (facies  dorsalis;  posterior  surface)  directed  backward  and 
lateralward,  is  broad  and  concave  above;  convex  and  somewhat  narrower  in  the 
middle;  narrow",  smooth,  and  rounded  below.  On  its  upper  part  is  an  oblique 
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ridge,  which  runs  from  the  dorsal  end  of  the  radial  notch,  downward  to  the  dorsal 
border;  the  triangular  surface  above  this  ridge  receives  the  insertion  of  the 
Aneana*us.  while  the  upper-  part  of  the  ridge  affords  attachment  to  the  Supinator. 
Below  this,  the  surface  te  subdivided  by. a  kingitudirml  ridge,  sometimes  colled  the 
perpendicular  line,  into  two  parts:  the  medial: part  w  smooth,  and  covered  by  the 
Extensor  carpi  ulnaris;  the  lateral  portion,  wider  and  rougher,  gives  origin  from 
above  downward  to  the  Supinator,  the  Abductor  pollicis  lougus,  the  Extensor  pollicis 
longtis,  and  the  Extensor  indicia  proprius. 
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the  Lower  Extremity  {distal  extremity). — The  lower  extremity  of  the  ulna  is 
small,  and  presents  two  eminences;  the  lateral  and  larger  is  a  rounded,  articular 
eminence,  termed  the  head  of  the  ulna;  the  medial,  narrower  and  more  projecting, 
is  a  non-articular  eminence,  the  styloid  process.  The  head  presents  an  articular 
surface,  part  of  which,  of  an  oval  or  semilunar  form,  is  directed  downward,  and 
articulates  with  the  upper  surface  of  the  triangular  articular  disk  which  separates  it 
from  the  wrist-joint;  the  remaining  portion,  directed  lateralward,  is  narrow,  convex, 
and  received  into  the  ulnar  notch  of  the  radius.  The  styloid  process  projects  from 
the  medial  and  back  part  of  the  bone;  it  descends  a  little  lower  than  the  head, 
and  its  rounded  end  affords  attachment  to  the  ulnar  collateral  ligament  of  the 
wrist-joint.  The  head  is  separated  from  the  styloid  process  by  a  depression  for 
the  attachment  of  the  apex  of  the  triangular  articular  disk,  and  behind,  by  a  shallow 
groove  for  the  tendon  of  the  Extensor  carpi  ulnaris. 

Structure. — The  long,  narrow  medullary  cavity  is  enclosed  in  a  strong  wall  of  compact  tissue 
which  is  thickest  along  the  interosseous  border  and  dorsal  surface.  At  the  extremities  the  compact 
layer  thins.  The  compact  layer  is  continued  onto  the  back  of  the  olecranon  as  a  plate  of  close 
spongy  bone  with  lamellae  parallel.  From  the  inner  surface  of  this  plate  and  the  compact  layer 
below  it  trabeculae  arch  forward  toward  the  olecranon  and  coronoid  and  cross  other  trabeculae, 
passing  l>ackward  over  the  medullary  cavity  from  the  upper  part  of  the  shaft  below  the  coronoid. 
Below  the  coronoid  process  there  is  a  small  area  of  compact  bone  from  which  trabeculae  curve 
upward  to  end  obliquely  to  the  surface  of  the  semilunar  notch  which  is  coated  with  a  thin  layer  of 
compact  bone.  The  trabeculae  at  the  lower  end  have  a  more  longitudinal  direction. 

Ossification  ( Figs.  22 1 , 222) . — The  ulna  is  ossified  from  three  centers :  one  each  for  the  body,  the 
inferior  extremity,  and  the  top  of  the  olecranon.  Ossification  begins  near  the  middle  of  the  body, 
about  the  eighth  week  of  fetal  life,  and  soon  extends  through  the  greater  part  of  the  bone.  At  birth 
the  ends  are  cartilaginous.  About  the  fourth  year,  a  center  appears  in  the  middle  of  the  head, 
and  soon  extends  into  the  styloid  process.  About  the  tenth  year,  a  center  appears  in  the  olecranon 
near  its  extremity,  the  chief  part  of  this  process  being  formed  by  an  upward  extension  of  the  body. 
The  upper  epiphysis  joins  the  body  about  the  sixteenth,  the  lower  about  the  twentieth  year. 
Articulations. — The  ulna  articulates  with  the  humerus  and  radius. 

The  Radius. 

The  radius  (Figs.  218,  219)  is  situated  on  the  lateral  side  of  the  ulna,  which 
exceeds  it  in  length  and  size.  Its  upper  end  is  small,  and  forms  only  a  small  part 
of  the  elbow-joint;  but  its  lower  end  is  large,  and  forms  the  chief  part  of  the  wrist- 
joint.  It  is  a  long  bone,  prismatic  in  form  and  slightly  curved  longitudinally.  It 
has  a  body  and  two  extremities. 

The  Upper  Extremity  {proximal  extremity). — The  upper  extremity  presents  a 
head,  neck,  and  tuberosity.  The  head  is  of  a  cylindrical  form,  and  on  its  upper 
surface  is  a  shallow  cup  or  fovea  for  articulation  with  the  capitulum  of  the  humerus. 
The  circumference  of  the  head  is  smooth;  it  is  broad  medially  where  it  articulates 
with  the  radial  notch  of  the  ulna,  narrow  in  the  rest  of  its  extent,  which  is  embraced 
by  the  annular  ligament.  The  head  is  supported  on  a  round,  smooth,  and  con¬ 
stricted  portion  called  the  neck,  on  the  back  of  which  is  a  slight  ridge  for  the  inser¬ 
tion  of  part  of  the  Supinator.  Beneath  the  neck,  on  the  medial  side,  is  an  eminence, 
the  radial  tuberosity;  its  surface  is  divided  into  a  posterior,  rough  portion,  for  the 
insertion  of  the  tendon  of  the  Biceps  brachii,  and  an  anterior,  smooth  portion,  on 
which  a  bursa  is  interposed  between  the  tendon  and  the  bone. 

The  Body  or  Shaft  {corpus  radii). — The  body  is  prismoid  in  form,  narrower 
above  than  below,  and  slightly  curved,  so  as  to  be  convex  lateralward.  It  presents 
three  borders  and  three  surfaces. 

Borders. — The  volar  border  {margo  volaris;  anterior  border)  extends  from  the  lower 
part  of  the  tuberosity  above  to  the  anterior  part  of  the  base  of  the  styloid  process 
below,  and  separates  the  volar  from  the  lateral  surface.  Its  upper  third  is  promi¬ 
nent,  and  from  its  oblique  direction  has  received  the  name  of  the  oblique  line  of  the 
radius;  it  gives  origin  to  the  Flexor  digitorum  sublimis  and  Flexor  pollicis  longus ;  the 
surface  above  the  line  gives  insertion  to  part  of  the  Supinator.  The  middle  third  of 
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the  volar  border  is  indistinct  and  rounded.  The  lower  fourth  is  prominent,  and  gives 
insertion  to  the  Pronator  quadratus,  and  attachment  to  the  dorsal  carpal  ligament; 
it  ends  in  a  small  tubercle,  into  which  the  tendon  of  the  Brachioradialis  is  inserted. 

The  dorsal  border  ( margo  dorsalis ;  posterior  border)  begins  above  at  the  back  of 
the  neck,  and  ends  below  at  the  posterior  part  of  the  base  of  the  styloid  process; 
it  separates  the  posterior  from  the  lateral  surface.  It  is  indistinct  above  and  below, 
but  well-marked  in  the  middle  third  of  the  bone. 

The  interosseous  crest  ( crista  interossea;  internal  or  interosseous  border)  begins 
above,  at  the  back  part  of  the  tuberosity,  and  its  upper  part  is  rounded  and  indis¬ 
tinct;  it  becomes  sharp  and  prominent  as  it  descends,  and  at  its  lower  part  divides 
into  two  ridges  which  are  continued  to  the  anterior  and  posterior  margins  of  the 
ulnar  notch.  To  the  posterior  of  the  two  ridges  the  lower  part  of  the  interosseous 
membrane  is  attached,  while  the  triangular  surface  between  the  ridges  gives  inser¬ 
tion  to  part  of  the  Pronator  quadratus.  This  crest  separates  the  volar  from  the 
dorsal  surface,  and  gives  attachment  to  the  interosseous  membrane. 

Surface. — The  volar  surface  {fades  volaris;  anterior  surface)  is  concave  in  its 
upper  three-fourths,  and  gives  origin  to  the  Flexor  pollicis  longus;  it  is  broad  and  flat 
in  its  lower  fourth,  and  affords  insertion  to  the  Pronator  quadratus.  A  prominent 
ridge  limits  the  insertion  of  the  Pronator  quadratus  below,  and  between  this  and 
the  inferior  border  is  a  triangular  rough  surface  for  the  attachment  of  the  volar 
radiocarpal  ligament.  At  the  junction  of  the  upper  and  middle  thirds  of  the 
volar  surface  is  the  nutrient  foramen,  which  is  directed  obliquely  upward. 

The  dorsal  surface  {facies  dorsalis;  posterior  surface)  is  convex,  and  smooth  in 
the  upper  third  of  its  extent,  and  covered  by  the  Supinator.  Its  middle  third  is 
broad,  slightly  concave,  and  gives  origin  to  the  Abductor  pollicis  longus  above, 
and  the  Extensor  pollicis  brevis  below.  Its  lower  third  is  broad,  convex,  and 
covered  by  the  tendons  of  the  muscles  which  subsequently  run  in  the  grooves  on 
the  lower  end  of  the  bone. 

The  lateral  surface  {facies  lateralis;  external  surface)  is  convex  throughout  its 
entire  extent.  Its  upper  third  gives  insertion  to  the  Supinator.  About  its  center  is 
a  rough  ridge,  for  the  insertion  of  the  Pronator  teres.  Its  lower  part  is  narrow,  and 
covered  by  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis. 

The  Lower  Extremity. — The  lower  extremity  is  large,  of  quadrilateral  form, 
and  provided  with  two  articular  surfaces — one  below,  for  the  carpus,  and  another 
at  the  medial  side,  for  the  ulna.  The  carpal  articular  surface  is  triangular,  concave, 
smooth,  and  divided  by  a  slight  antero-posterior  ridge  into  two  parts.  Of  these, 
the  lateral,  triangular,  articulates  with  the  navicular  bone;  the  medial,  quadri¬ 
lateral,  with  the  lunate  bone.  The  articular  surface  for  the  ulna  is  called  the  ulnar 
notch  {sigmoid  cavity)  of  the  radius;  it  is  narrow,  concave,  smooth,  and  articulates 
with  the  head  of  the  ulna.  These  two  articular  surfaces  are  separated  by  a  promi¬ 
nent  ridge,  to  which  the  base  of  the  triangular  articular  disk  is  attached;  this  disk 
separates  the  wrist-joint  from  the  distal  radioulnar  articulation.  This  end  of  the 
bone  has  three  non-articular  surfaces — volar,  dorsal,  and  lateral.  The  volar  surface, 
rough  and  irregular,  affords  attachment  to  the  volar  radiocarpal  ligament.  The 
dorsal  surface  is  convex,  affords  attachment  to  the  dorsal  radiocarpal  ligament, 
and  is  marked  by  three  grooves.  Enumerated  from  the  lateral  side,  the  first 
groove  is  broad,  but  shallow,  and  subdivided  into  two  by  a  slight  ridge;  the  lateral 
of  these  two  transmits  the  tendon  of  the  Extensor  carpi  radialis  longus,  the  medial 
the  tendon  of  the  Extensor  carpi  radialis  brevis.  The  second  is  deep  but  narrow, 
and  bounded  laterally  by  a  sharply  defined  ridge;  it  is  directed  obliquely  from  above 
downward  and  lateralward,  and  transmits  the  tendon  of  the  Extensor  pollicis 
longus.  The  third  is  broad,  for  the  passage  of  the  tendons  of  the  Extensor  indicis 
proprius  and  Extensor  digitorum  communis.  The  lateral  surface  is  prolonged 
obliquely  downward  into  a  strong,  conical  projection,  the  styloid  process,  which 
gives  attachment  by  its  base  to  the  tendon  of  the  Brachioradialis,  and  by  its  apex 
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to  the  radial  collateral  ligament  of  the  wrist-joint.  The  lateral  surface  of  this 
process  is  marked  by  a  flat  groove,  for  the  tendons  of  the  Abductor  pollicis  longus 
and  Extensor  pollicis  brevis. 

Structure. — The  long  narrow  medullary  cavity  is  enclosed  in  a  strong  wall  of  compact  tissue 
which  is  thickest  along  the  interosseous  border  and  thinnest  at  the  extremities  except  over  the 
cup-shaped  articular  surface  (fovea)  of  the  head  where  it  is  thickened.  The  trabeculae  of  the 
spongy  tissue  are  somewhat  arched  at  the  upper  end  and  pass  upward  from  the  compact  layer  of 
the  shaft  to  the  fovea  capituli;  they  are  crossed  by  others  parallel  to  the  surface  of  the  fovea. 
The  arrangement  at  the  lower  end  is  somewhat  similar. 

Ossification  (Figs.  223,  224). — The  radius  is  ossified  from  three  centers:  one  for  the  body, 
and  one  for  either  extremity.  That  for  the  body  makes  its  appearance  near  the  center  of  the  bone, 
during  the  eighth  vreek  of  fetal  life.  About  the  end  of  the  second  year,  ossification  commences 
in  the  lower  end;  and  at  the  fifth  year,  in  the  upper  end.  The  upper  epiphysis  fuses  with  the 
body  at  the  age  of  seventeen  or  eighteen  years,  the  lower  about  the  age  of  twenty.  An  additional 
center  sometimes  found  in  the  radial  tuberosity,  appears  about  the  fourteenth  or  fifteenth  year 
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Fia.  223. — Plan  of  ossification  of  the  radius. 
From  three  centers. 


Fio.  224. — Epiphysial  lines  of  radius  in  a  younit 
adult.  Anterior  aspect.  The  line  of  attachment  of  the 
articular  capsule  of  the  wrist-joint  is  in  blue. 


THE  HAND. 

The  skeleton  of  the  hand  (Figs.  225,  226)  is  subdivided  into  three  segments:  the 

evpos  or  wrist  bones;  the  metacarpus  or  bones  of  the  palm;  and  the  phalanges  or 
bones  of  the  digits. 

The  Carpus  (Ossa  Carpi). 

The  carpal  bones,  eight  in  number,  are  arranged  in  two  rows.  Those  of  the 
proximal  row,  from  the  radial  to  the  ulnar  side,  are  named  the  navicular,  lunate, 
triangular,  and  pisiform;  those  of  the  distal  row,  in  the  same  order,  are  named  the 
(nater  multangular,  lesser  multangular,  capitate,  and  hamate. 

Common  Characteristics  of  the  Carpal  Bones.— Each  bone  (excepting  the  pisi¬ 
form)  presents  six  surfaces.  Of  these  the  volar  or  anterior  and  the  dorsal  or  posterior 
lurfaces  are  rough,  for  ligamentous  attachment;  the  dorsal  surfaces  being  the 
broader,  except  in  the  navicular  and  lunate.  The  superior  or  proximal,  and  iriferior 
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or  distal  surfaces  are  articular,  the  superior  generally  convex,  the  inferior  concave; 
the  medial  and  lateral  surfaces  are  also  articular  where  they  are  in  contact  with 
contiguous  bones,  otherwise  they  are  rough  and  tuberculated.  The  structure  in 
all  is  similar,  viz.,  cancellous  tissue  enclosed  in  a  layer  of  compact  bone. 

Bones  of  the  Proximal  Row  ( upper  row).-- The  Navicular  Bone  (os  naviculare  man  us; 
scaphoid  hone )  (Fig.  227).— The  navicular  hone  is  the  largest  bone  of  the  proximal 
row,  and  has  received  its  name  from  its  fancied  resemblance  to  a  boat.  It  is  situated 
at  the  radial  side  of  the  carpus,  its  long  axis  heing  from  above  downward,  lateral  ward , 
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and  forward.  The  superior  surface  is  convex,  smooth,  of  triangular  shape*  and  artic¬ 
ulates  with  the  lower  end  of  the  radius.  The  inferior  surface,  directed  downward, 
lateralward,  and  backward,  is  also  smooth,  convex,  and  triangular,  and  is  divided 
by  a  slight  ridge  into  tw  o  parts,  the  lateral  articulating  with  the  greater  multangu¬ 
lar.  the  medial  with  the  lesser  multangular.  On  the  dorsal  surface  is  a  narrow, 
rough  groove,  which  runs  the  entire  length  of  the  bone,  and  serves  for  the  attach- 
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merit  of  ligaments.  i'he  volar  gurface  is  concave  above,  ami  elevated  «rt  its  lower 
and  lateral  part  into  a  roiimled  proiectk«r>-  the  tnfeercte,  which  is  directed  forward 
and  gives  attachment  to  tiav  trAfrsvvrse  carpal  ligament  and  sometimes  origin  to 
a  few  fibers  of  the  AWhct0f  4K>llieis  brevis.  The  lateral  surface  is  rough  arid  narrow, 
and  gives  attachment  to  the  radial  collateral  ligament  of  the  wrist.  The  medial 
surface  presents  two  articular  facets;  of  these,  the  superior  or  smaller  is  flattened 
of  semilunar  form,  and  Articulates  with  the  Innate  hone;  the.  inferior  or  larger-  is 
concave,  forming  with  the  lunate  a  concavity  for  the  head  of  the  capitate  bone. 
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be  d&tm^ished  by  its  deep  concavity  and  It  is  situated  in 

the  center  of  the  proximal  row  of  tfe  carpus,  the  navienfiir  md  triangular. 

The  superior  surface,  convex  .and  smooth,  arnntjate  with  the  radios. The  inferior 
surface  is  deeply  concave,  and  of  greater  extent  frojn  before  ita-ckwurd -than  thins- 
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verselyr  it  articulates  with  tlVe  hem f  of  the  capitate,  and.  by  a  long,  xmrtw  facet 
(separated  by  a  ridge  from  the  general  surface),  with  the  hamate.  The  denial 
and  volar  surfaces  are  rough,  ligaments,  the  former  being 

the  broader,  and  of 'a  somewhat  romided  form.  The  lateral  surface  presents  a 
reurov,;,  i|.ftttv‘t)ed,  semilunar  facet  for  attivuhttfop  with  the  nttVicnlUr.  Thu  medial 
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cl  the  carpus.  The-  superior  surface  presents  a  medial,  rough,  noo-articular  portion, 
and  a  lateral  convex  articular  portion  which  artkHilatfeiiAvltl^- the  triangular  articular 
flak  of  the  wrist!  The  inferior  surface,  directed  lateralword.  is  concave,  sinuously 
riutetf,  art*!  smooth  for  artk-iiiation  toih -the  hamate  The  4or&al  surface  is  r:oi<gh 
for  the  attachment  of  ligaments.  The.  Volar  surface  presents,  on  its  medial  part, 
an  oval  facet,  for  articulation  with  the  pisiform;  its  lateral  part:  is  rough  JV-»r  liga- 
soentous  attachment.  The  lateral  surface,  the  base  of  the  py  ramid,  &  marked  . by  a 
‘hi.  quadrilateral  facet,  for  articulation  with  the  'innate,  y  The'  maUlai  surface, 
The  summit  of  the  pyramid,  is  pointed  and  roughened,  fpt^  th^  attTiriTmcUt  of  the 
nh»r  collators)  ligament  »>f  tin*  wrbt. 

Arckii^ioj^^  t?.iftnguUt  a/iicubU's  wi tU -.three  btjttesv  the  (mud#  iatemliy.  Uie  pisiform. 
h  baiiif  t  .Lfr  and  w.foi  ilifi ;  trian^ilair  iiLr.umii&r  d.i^k  *f|s.  hp&i  tto 

iWHWffffrft -trf:'  lb*  4*fca>  ;  ;"  V  •-  ‘  •.  •*-  v  ;  I  ■  Vo1., '  '  s\  j,  . 
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plane  antesfer  to  the  other  carpal  ;boiies  and  is.  spliemdii^i  in  form.  Its  dors* i 
«afoc*  #  smooth*  oval  fever,  for  ^rtkidstkin  with  the  triangular ;  this  facet 

ippruaehe*  the  superior ,  hut  not  the  inferior  border  of  t he  k«wf.  The  tolar  surface 
&  fovnitl^l  ftrul  and  gives  attachto^t  to  the;  transverse  carpal  ligament, 

Tirid  to  the;;FfeMr  carpi  ulncria  ami  The  lateral  and  medial 

«rf*ees  are  also  rdtigl**  the  former  the' -latter  usually  convex. 

Articalatmn* — The  pieifomi  articulates- with  one  bone,  the  triangular. 


Boaesof  Ihe  Distal  Bow.  [lower ■  row) .-^The  Greater  Molta^agular  Bona  (os  W)d? 


^  i)f  the  carpus,  be^c«®?i  oavknilar  and  the  first  :*T6e 


backward ,  so  as  to  form  a  aadd^shape^l  surface  for  articulation  with  the  base. 


For  Horn* 


firotnte 


Kw  iwvicklitf 


For  l4t  ttvdtiKMpul 


rndpjiitrrtw 


j'or'pri  }tHtaearp>il 


4  die  first  metacarpal  bone.  The  dorsal  surface  is  rough;  The  volar  surface  is 
narrow  and  rough.  At  its  upper  pfirt  is  n  deep  groove;  running  from  above  obliquely': 
v1^  award  and  medial  ward  f  it  transmits  the  tendon  of  the.  Flexor  carpi:  ■  radial kv 
$j$M  inmniied  laterally  by  m-  .oblique  ridge.  This  surface  gives  origin  to  the 
••  Qjipunetis  ;pt$li<ds  unit  to  the  Abductor  and  Flexor  pollicis  brevis;  it  also  affords 
itta<.huient  in  cire  iran^verhe  carpal  ligament.  The  lateral  surface  is  broad  and 
rough,,  for  the  attachment  of  ligaments.  Tin*  medial  surface  presents  two  faoetsi 
the  upper,  large .-and  concave,  articulates  with  the  lesser  multangular;  the  lower, 
mail]  and.  oval,  with  the  base  of  the  soeuftH  metacarpal. 

AnKulatiottS,  —■ TTie  great*#  hiaitiUVgukr  articulate  wit  h  f  *^r  h ti*e  imvicui&r  proximally, 
tV.  6ryt  rr^r^rarnrii  dtel&UyV  *md  the.ley^fcr  multangular'  mid  serund  .ihepievipaL' medially  I 
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by  its :  wfsdfgeigliApftl  form,,  the  broad  gnd:  of  the  wedge  constituting  the  dors&f, 
the  narrow  end  tfe  volar  surface;  and  by  it?  having  four  hrtjoutar  fs<rvts  touching; 
each  other,  a ftd  separated  by  sharp  edges,  The  swgetior  surface,  'quadrilateral, 
sihootlt,  and  S%htlj’;  concave,  Artiewlates  with  the  navicular.  The  inferior  surface 
artieulutes  with  the  prbxim.id  endof  set&bd  metacarpal  bone;  it  is  convex  front 
side  to  side,  concave  from  before  baefovhrd  and  subdivided  by  an  elevated  ndge  into 

two  uneqtt&i  facets.  Th&dwsst  and  volar 
surfaces  are  rough  for  'the  attachHient  of 
ligaments,  the  fonner  beiitg  the  larger 
of  the  two.  The  lateral, surface,  convex 
ami  smooth,  articulates  vtilh  the  greater 
multangular,  The  medial  surface  is  eo»r 
cave  and  smooth  in  front,  for  art  icy 
ulatjow  with  the  capitate;  rough  behind, 
for  the  attachment  of  an  interosseous 
ligament.  •  •  : 

ArtJcdlattoBS  --Tfie  lesser  multangular  articulates  witK/wir  bones:  the  navicular  proxunally, 
second  m&attWpal  vtiAAtiy ,  greater  BitiUsf<gu)ar  laterally,  'and  capitate  medially. 

The  Capitate  Bone  (t*.?  wpiMfint:  o*  -magnum)  (Fig,  — The  capitate,  bone 

is  the  largest  of  the  carpal  bones,  and  ncoiipks  the  center  of  the  w  rist,.  It  presents, 
above.'a  rounded  portion  or  head,  which  is  received  into  the  concavity  formed  by 
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the  naviriilar  and  luimt* ,  a  ednstriefei  portion  and  below  tins,  the  body. : 

The  superior  surface ;j5'^u'fidksriioo.thj  and  arttoiates vvitii  tTio  Innate,  The  inferior 
surface  is  djvidvd  l>y-;two.4dges.  into  three  ft#1  articul&twn  ndth  the 

third*  y&d  fourth  '''riietava'rpui  bones,  tluit  Ui*  third  being  the  target  The 
dorsal  surface  is  broad  tmd  rough.  The  volar  surface  ^narrow,  rounded and  rou^h, 
for  the  attachment  of  ligaiitents.  :and  a  part  of  the  Adductor  pollicis  obliquus* 
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The  lateral  surface  articulates  with  the  leaser  multarignbr  .by  it  small  facet  at 
its.  anterior  inferior  angle,  behind  .which  is  a  rough  depression  for  the  attach¬ 
ment  o!  an  iotemsseous  IigAtoeiit.  Abov  e  t  in's  is  a  deep,  rough  groove,  forming 
part  of  the  decks  aud  serving  for  the  attachment  of  ligaments  it  is  bounded  stipe- 
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riorly  by  a  smooth,  convex  surface,  for  articulation  with  the  navicular.  The  medial 
surface  articulates  with  the  hamate  by  a  smooth,  concave,  oblong  facet,  which 
occupies  its  posterior  and  superior  parts;  it  is  rough  in  front,  for  the  attachment 
of  an  interosseous  ligament. 

Articulations. — The  capitate  articulates  with  seven  bones:  the  navicular  and  lunate  proximally, 
the  second,  third,  and  fourth  metacarpals  distally,  the  lesser  multangular  on  the  radial  side,  and 
the  hamate  on  the  ulnar  side. 

The  Hamate  Bone  (os  hamaium;  uncifbrm  bane)  (Fig.  234). — The  hamate  bone 
may  be  readily  distinguished  by  its  wedge-shaped  form,  and  the  hook-like  process 
which  projects  from  its  volar  surface.  It  is  situated  at  the  medial  and  lower  angle 
of  the  carpus,  with  its  base  downward,  resting  on  the  fourth  and  fifth  metacarpal 
bones,  and  its  apex  directed  upward  and  lateralward.  The  superior  surface,  the 
apex  of  the  wedge,  is  narrow,  convex,  smooth,  and  articulates  with  the  lunate. 
The  inferior  surface  articulates  with  the  fourth  and  fifth  metacarpal  bones,  by 
concave  facets  which  are  separated  by  a  ridge.  The  dorsal  surface  is  triangular 
and  rough  for  ligamentous  attachment.  The  volar  surface  presents,  at  its  lower 
and  ulnar  side,  a  curved,  hook-like  process,  the  hamulus,  directed  forward  and 
lateralward.  This  process  gives  attachment,  by  its  apex,  to  the  transverse  carpal 
ligament  and  the  Flexor  carpi  ulnaris;  by  its  medial  surface  to  the.  Flexor  brevis 
and  Opponens  digiti  quinti;  its  lateral  side  is  grooved  for  the  passage  of  the  Flexor 
tendons  into  the  palm  of  the  hand.  It  is  one  of  the  four  eminences  on  the  front 
of  the  carpus  to  which  the  transverse  carpal  ligament  of  the  wrist  is  attached; 
the  others  being  the  pisiform  medially,  the  oblique  ridge  of  the  greater  multangular 
and  the  tubercle  of  the  navicular  laterally.  The  medial  surface  articulates  with 
the  triangular  bone  by  an  oblong  facet,  cut  obliquely  from  above,  downward 
and  medialward.  The  lateral  surface  articulates  with  the  capitate  by  its  upper 
and  posterior  part,  the  remaining  portion  being  rough,  for  the  attachment  of 
ligaments. 

Axtknlatioxi*. — The  hamate  articulates  with  five  bones:  the  lunate  proximally,  the  fourth 
and  fifth  metacarpals  distally,  the  triangular  medially,  the  capitate  laterally. 

The  Metacarpus. 

The  metacarpus  consists  of  five  cylindrical  bones  which  are  numbered  from  the 
lateral  side  (ossa  metacarpalia  I-V) ;  each  consists  of  a  body  and  two  extremities. 

Common  Characteristics  of  the  Metacarpal  Bones. — The  Body  (corpus;  shaft). — 
The  body  is  prismoid  in  form,  and  curved,  so  as  to  be  convex  in  the  longitudinal 
direction  behind,  concave  in  front.  It  presents  three  surfaces:  medial,  lateral, 
and  dorsal.  The  medial  and  lateral  surfaces  are  concave,  for  the  attachment  of 
the  Interossei,  and  separated  from  one  another  by  a  prominent  anterior  ridge. 
The  dorsal  surface  presents  in  its  distal  two-thirds  a  smooth,  triangular,  flattened 
area  which  is  covered  in  the  fresh  state,  by  the  tendons  of  the  Extensor  muscles. 
This  surface  is  bounded  by  twro  lines,  which  commence  in  small  tubercles  situated 
on  either  side  of  the  digital  extremity,  and,  passing  upwTard,  converge  and  meet 
some  distance  above  the  center  of  the  bone  and  form  a  ridge  wrhich  runs  along  the 
rest  of  the  dorsal  surface  to  the  carpal  extremity.  This  ridge  separates  two 
sloping  surfaces  for  the  attachment  of  the  Interossei  dorsales.  To  the  tubercles 
on  the  digital  extremities  are  attached  the  collateral  ligaments  of  the  metacarpo¬ 
phalangeal  joints. 

The  Base  or  Carpal  Extremity  (basis)  is  of  a  cuboidal  form,  and  broader  behind 
than  in  front:  it  articulates  with  the  carpus,  and  with  the  adjoining  metacarpal 
bones;  its  dorsal  and  volar  surfaces  are  rough,  for  the  attachment  of  ligaments. 

The  Head  or  Digital  Extremity  (capitulum)  presents  an  oblong  surface  markedly 
convex  from  before  backward,  less  so  transversely,  and  flattened  from  side  to  side; 
it  articulates  writh  the  proximal  phalanx.  It  is  broader,  and  extends  farther  up- 
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ward,  on  the  volar  than  on  the  dorsal  aspect,  and  is  longer  in  the  antero-posterior 
than  in  the  transverse  diameter.  On  either  side  of  the  head  is  a  tubercle  for  the 
attachment- of;  the  collateral  ligament  of  the  metacarpophalangeal  joint.  The 
dorsal  sarfa.ee,  broad  and  flat,  stjppom  the  Exteusor  tendons;  the  volar  surface 
is  grooved  in  the  middle  line  for  the  passage  of  the  Flexor  tendons,  and  marked 
on  either  side  by  an  articular  eminence  continuous  with  the  tenmn&l  articular 
surface. 

Characteristics  of  the  Individual  Metacarpal  Bdu«s,-  rfbe  first  Metacarpal 
Bone  ios  metucarpale  1:  metacarpal  lone  qf  the  thumb)  (Fig.  is shorter  ami 
-  stouter  than  thd  pthets.  diverges  to  u  gvratt-r  degrfee 
from  the  cbrpjts,  ttnd  'it#  volar  stiriitw  jf!  directs*! 
toward  the.  palth  •  Tbt*  bodjr  ainvi  liroad 

oh  its  dorsal  surface,  and  dues  not  present  the  ridge* 
Which  is-  found  on  the,  o^lier  ntet46trphl.  hones;i  its 
‘Tvalnj:  surface  j^  ^p^bhye  from  ahoVe  downward.  On 

its  radial  horifer  b  inserted  the  Oppoiieiis  pollieis; 
its  ulnar  border  gives  origin  to  the  lateral  head  of 
the1  first  Ihterosaeus  dorsalis.  The  'base  presents,  a 
eoneavo-eonvex  surface^ ;  for  ariienlatipn  with  the? 
greater  hudtangulari  it  lias  nh  facets  on  its  sides,  but 
on  its  radial  Sride  is  h  tubercle  for  the  insertion  of  the 
Abductor  pollkis  longus.  The  head  is  less  convex 
than  those  of  the  other  metacarpal  banes,  and  is 
broader  from  side  to  side  than  from  before  back  ward. 
On  its  vojar  sUrfs<X*>?ree  tvo  articular  eminences,  of 
which  the  lateral  b- the  larger,  for  the  two  sesamoid 
bones  in  the  tenddna^ id the  Idoxor  sfiollicis  brevis. 

Th«  Second  Metacarpal  Bone  (os.  metacarjHtk  H;  nietaearpul  fx>ne  of  the  infrx 
finger)  (Fig.  23b)  is  the  longest,  and  its  base  the  largest,  of  the  four  remaining 
bams*;  Its  base  is  prolonged  upward  and  roed  ialwfMtl  .  forming  a  prominent  iridgfe. 

It  presents . fowr  Articular  facets:  three  oii  thO  tqfper  Surface  and  one  or*  the  ulnar 
sole;  Of  the  fleets  OR  the  Upper  surface  the  intermediate  is  the  largest  and  is 
concave  fmnt&xde  to  side,  convex  from  before  backward  for  articulation  w  ith  the 
lesser  multangular ;  the  lateral  is  small,  flat  and  Oval,  for  articulation  with  the  greater 
multangular;  the  medial,  <>n  the  summit  of  the  ridge,  b  long  and  barrow  for  articu¬ 
lation  >vith  the  capitate.  The  facet  on  the  ulnar  side  articulates  with  the  third 
metacarpal.  The  Extensor  carpi  fadialis  longus  is  inserted  on  the  dorsal  surface 
and  the  Flexor  carpi  radialis  on  the  v-olar  surface  of  the  base. 

The  Third  Metacarpal  Bone  ip*  yirtewarpale  111;  jpetacarjiul  bom  of  the  in  trifle 
finger]  (Fig.  2117}  is  »  little  Steal  |er  than  the  second.  The  dorsal  aspect  of  its 
base  presents  on  its  rMial  side  a  pyramkkd  eminenty,  the  styloid  process.  which 
extends  upward  behind  the  capitate;  imjngdiate.lv  distal  to  this  is  a  rough,  surface 
for  the  attachment  of  the  Extensor  carpi  radial  is  brevis.  The  carpal  articular 
facet  is  cphcavc  bdhibdf ./Hat  in  frv>htv4nd  krtimilates  with  the  capitate.  On  the 
radial  side  is  a  smooth,  concave  facet,  for  articulation  with  the  segtind  metacarpal, 
and  on  the  uinaw  shir  rvvet  sitmll  oval  facet  *  for  the  fourth  metacarpal. 

The  Fourth  Metacarpal  Bone  i<et  iinPirnrfaU''  IV;  v>rtim>r/nj  hove  tf  the  ring 
finger)  [V ig.  i-  shorter  and.  sint'dlvf.  than  the  third.  The  base  is  small  ami 
(piadrilatcra)  p  ife  superior  ’jtfyifaigi}  .:pfesh«fe;  large  one,  medially  for; 

artn  ulaiioh  with  the  ha  tint  re,  and  »  small  onv.  laterally  for  the  capitate.  Ou  the 
radial  side  are  two  oval  facets,  for  'articulation  with  the  third  Metacarpal;  ami  on 
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convex  and  articulates  with  the  bamate,  and  tine  on  its  radial  side,,  w'mch&rtKUuates 
With  the  fourth  metacarpal.  On  its  ulnar  side  is  &  prominent  tubirek-. for  the  ihser- 
tion  of  the  tendon  of  the  Extensor  carpi  uinaHsr  The  dorsal  surface  of  the  body 
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is  divided  by  an  oblique  ridge,  which  e 
TO  the  radial  aide  of  the  bead.  The  lat« 
aiest  of  the  fourth  Iwtefdssetts  doraidis 
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4nteiUa^asa. — Beskics  their  pfcslangreii  articulations.-  the  meta^rpsl  >onss  articulate  as 
follows:  tife  first  with the  (ppe&t^r  Tm)ii)u^!^u)ur;;ike;'s«C6qd  gr^utfdf  feeer 

ffiaitartguL&r,  r^pitate  and  third  itietai •Utpal ;  the  .third With  the  i&fnt&fe-  and  wchnd  and  fourth 
tostoearpak?:  the  fourth  with  the capitate.  ham^,  yxici  third  and  tilth  aieUieafp&ls;  and  the 
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The  Phalanges  of  the  Hand  (Phalanges  Digitorum  Manus). 

The  phalanges  are  fourteen  in  number,  three  for  each  finger,  and  two  for  the 
thumb.  Each  consists  of  a  body  and  two  extremities.  The  body  tapers  from  above 
downward,  is  convex  posteriorly,  concave  in  front  from  above  downward,  flat 
from  side  to  side;  its  sides  are  marked  by  rough  ridges  which  give  attachment 
to  the  fibrous  sheaths  of  the  Flexor  tendons.  The  proximal  extremities  of  the  bones 
of  the  first  row  present  oval,  concave  articular  surfaces,  broader  from  side  to  side 
than  from  before  backward.  The  proximal  extremity  of  each  of  the  bones  of  the 
second  and  third  rows  presents  a  double  concavity  separated  by  a  median  ridge. 
The  distal  extremities  are  smaller  than  the  proximal,  and  each  ends  in  two  condyles 
separated  by  a  shallow  groove;  the  articular  surface  extends  farther  on  the  volar 
than  on  the  dorsal  surface,  a  condition  best  marked  in  the  bones  of  the  first  row. 

The  ungual  phalanges  are  convex  on  their  dorsal  and  flat  on  their  volar  surfaces; 
they  are  recognized  by  their  small  size,  and  by  a  roughened,  elevated  surface  of 
a  horseshoe  form  on  the  volar  surface  of  the  distal  extremity  of  each  which  serves 
to  support  the  sensitive  pulp  of  the  finger. 


Articulations. — In  the  four  fingers  the  phalanges  of  the  first  row  articulate  with  those  of  the 
second  row  and  with  the  metacarpals;  the  phalanges  of  the  second  row  with  those  of  the  first 
and  third  rows,  and  the  ungual  phalanges  with  those  of  the  second  row.  In  the  thumb,  which 
has  only  two  phalanges,  the  first  phalanx  articulates  by  its  proximal  extremity  with  the  meta¬ 
carpal  bone  and  by  its  distal  with  the  ungual  phalanx. 

Ossification  of  the  Bones  of  the  Hand. — The  carpal  bones  are  each  ossified  from  a  single  center, 
and  ossification  proceeds  in  the  following  order  (Fig.  240) :  in  the  capitate  and  hamate,  during 
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the  first  year,  the  former  preceding  the  latter;  in  the  triangular,  during  the  third  year;  in  the 
hmate  and  greater  multangular,  during  the  fifth  year,  the  former  preceding  the  latter;  in  the 
navicular,  during  the  sixth  year;  in  the  lesser  multangular,  during  the  eighth  year;  and  in 
the  pisiform,  about  the  twelfth  year 

Occasionally  an  additional  bone,  the  oa  centrale ,  is  found  on  the  back  of  the  carpus,  lying 
between  the  navicular,  lesser  multangular,  and  capitate.  During  the  second  month  of  fetal  life 
it  is  represented  by  a  small  cartilaginous  nodule,  which  usually  fuses  with  the  cartilaginous  navic¬ 
ular.  Sometimes  the  styloid  process  of  the  third  metacarpal  is  detached  and  forms  an  additional 
ossicle. 

The  metacarpal  bones  are  each  ossified  from  two  centers:  one  for  the  body  and  one  for  the 
distal  extremity  of  each  of  the  second,  third,  fourth,  and  fifth  bones;  one  for  the  body  and  one 
for  the  base  of  the  first  metacarpal  bone.1  The  first  metacarpal  bone  is  therefore  ossified  in  the 
aune  manner  as  the  phalanges,  and  this  has  led  some  anatomists  to  regard  the  thumb  as  being 
made  up  of  three  phalanges,  and  not  of  a  metacarpal  bone  and  two  phalanges.  Ossification  com¬ 
mences  in  the  middle  of  the  body  about  the  eighth  or  ninth  week  of  fetal  life,  the  centers  for  the 
second  and  third  metacarpals  being  the  first,  and  that  for  the  first  metacarpal,  the  last,  to  appear; 
about  the  third  year  the  distal  extremities  of  the  metacarpals  of  the  fingers,  and  the  base  of  the 
metacarpal  of  the  thumb,  begin  to  ossify;  they  unite  with  the  bodies  about  the  twentieth  year. 

The  phalanges  are  each  ossified  from  two  centers:  one  for  the  body,  and  one  for  the  proximal 
extremity.  Ossification  begins  in  the  body,  about  the  eighth  week  of  fetal  life.  Ossification  of 
the  proximal  extremity  commences  in  the  bones  of  the  first  row  between  the  third  and  fourth 
years,  and  a  year  later  in  those  of  the  second  and  third  rows.  The  two  centers  become  united 
in  each  row  between  the  eighteenth  and  twentieth  years. 

In  the  ungual  phalanges  the  centers  for  the  bodies  appear  at  the  distal  extremities  of  the 
phalanges,  instead  of  at  the  middle  of  the  bodies,  as  in  the  other  phalanges.  Moreover,  of  all 
the  bones  of  the  hand,  the  ungual  phalanges  are  the  first  to  ossify. 

THE  BONES  OF  THE  LOWER  EXTREMITY  (OSSA  EXTREMITATIS  INFERIORIS). 

The  Hip  Bone  (Os  Coxae;  Innominate  Bone). 

The  Mp  bone  is  a  large,  flattened,  irregularly  shaped  bone,  constricted  in  the 
center  and  expanded  above  and  below.  It  meets  its  fellow  on  the  opposite  side 
in  the  middle  line  in  front,  and  together  they  form  the  sides  and  anterior  wall  of 
the  pelvic  cavity.  It  consists  of  three  parts,  the  ilium,  ischium,  and  pubis,  which 
are  distinct  from  each  other  in  the  young  subject,  but  are  fused  in  the  adult; 
the  union  of  the  three  parts  takes  place  in  and  around  a  large  cup-shaped  articular 
cavity,  the  acetabulum,  which  is  situated  near  the  middle  of  the  outer  surface  of  the 
bone.  The  ilium,  so-called  because  it  supports  the  flank,  is  the  superior  broad  and 
expanded  portion  which  extends  upward  from  the  acetabulum#  The  ischium  is  the 
lowest  and  strongest  portion  of  the  bone;  it  proceeds  downward  from  the  acetab¬ 
ulum,  expands  into  a  large  tuberosity,  and  then,  curving  forward,  forms,  with 
the  pubis,  a  large  aperture,  the  obturator  foramen.  The  pubis  extends  medialward 
and  downward  from  the  acetabulum  and  articulates  in  the  middle  line  with  the 
bone  of  the  opposite  side:  it  forms  the  front  of  the  pelvis  and  supports  the  external 
organs  of  generation. 

The  Ilium  (os  Hit). — The  ilium  is  divisible  into  two  parts,  the  body  and  the 
ala;  the  separation  is  indicated  on  the  internal  surface  by  a  curved  line,  the  arcuate 
line,  and  on  the  external  surface  by  the  margin  of  the  acetabulum. 

The  Body  (corpus  oss.  ilii). — The  body  enters  into  the  formation  of  the  acetab¬ 
ulum,  of  which  it  forms  rather  less  than  two-fifths.  Its  external  surface  is  partly 
articular,  partly  non-articular;  the  articular  segment  forms  part  of  the  lunate 
surface  of  the  acetabulum,  the  non-articular  portion  contributes  to  the  acetabular 
fossa.  The  internal  surface  of  the  body  is  part  of  the  wall  of  the  lesser  pelvis  and 
gives  origin  to  some  fibers  of  the  Obturator  internus.  Below,  it  is  continuous  with 
the  pelvic  surfaces  of  the  ischium  and  pubis,  only  a  faint  line  indicating  the  place 
of  union. 

1  Allen  Thomson  demonstrated  the  fact  that  the  first  metacarpal  bone  is  often  developed  from  three  centers:  that  is 
*°  tty,  there  is  a  separate  nucleus  for  the  distal  end,  forming  a  distinct  epiphysis  visible  at  the  age  of  seven  or  eight 
He  also  stated  that  there  are  traces  of  a  proximal  epiphysis  in  the  second  metacarpal  bone,  Journal  of  Anatomy 
ttd  Physiology,  1839. 
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The  Ala  (ala  oss.  ilii), — The  ala  is  the  large  expanded  portion  which  bounds 
the  greater  pelvis  laterally.  It  presents  for  examination  two  surfaces — an  external 
and  an  internal — a  crest,  and  two  borders — an  anterior  and  a  posterior.  The 
external  surface  (Fig.  241),  known  as  the  dorsum  ilii,  is  directed  backward  and  lateral- 
ward  behind,  and  downward  and  lateralward  in  front.  It  is  smooth,  convex  in  front. 
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deeply  concave  behind;  bounded  above  by  the  crest,  l)elow  by  the  upper  border 
of  the  acetabulum,  in  front  and  behind  by  the  anterior  and  posterior  borders. 
This  surface  is  crossed  in  an  arched  direction  by  three  lines — the  posterior,  anterior, 
and  inferior  gluteal  lines.  The  posterior  gluteal  line  (superior  curved  line),  the  short¬ 
est  of  the  three,  begins  at  the  crest,  about  5  cm.  in  front  of  its  posterior  extremity; 
it  is  at  first  distinctly  marked,  but  as  it  passes  downward  to  the  upper  part  of  the 


THE  HIP  BONE 


greater  sciatic  notch,  where  it  ends,  it  becomes  less  distinct,  and  is  often  altogether 
iostv  Behind  this  line  is  a  narrow  semilunar  surface,  the  upper  part  of  which 
is  rough  and  gives  origin  to  a  portion  of  the  Gluteus  maximus;  the  lower  part  is 
smooth  and  has  no  muscular  fibers  attached  to  it.  The  anterior  gluteal  line  {middle 
cnmd  line),  the  longest  of  the  three,  begins  at  the  crest,  about  4  cm.  behind  its 
anterior  extremity,  and,  taking  a  curved  direction  downward  and  backward,  ends 
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at  the  upper  part  of  the  greater  sciatic  notch.  The  space  between  the  anterior 
and  posterior  gluteal  lines  and  the  crest  is  concave,  and  gives  origin  to  the  Gluteus 
medius.  Near  the  middle  of  this  line  a  nutrient  foramen  is  often  seen.  The 
inferior  gluteal  line  ( inferior  curved  line),  the  least  distinct  of  the  three,  begins  in 
front  at  the  notch  on  the  anterior  border,  and,  curving  backward  and  downward, 
ends  near  the  middle  of  the  greater  sciatic  notch.  The  surface  of  bone  included 
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between  the  anterior  and  inferior  gluteal  lines  is  concave  from  above  downward, 
convex  from  before  backward,  and  gives  origin  to  the  Gluteus  minimus.  Between 
the  inferior  gluteal  line  and  the  upper  part  of  the  acetabulum  is  a  rough,  shallow 
groove,  from  which  the  reflected  tendon  of  the  Rectus  femoris  arises. 

The  internal  surface  (Fig.  242)  of  the  ala  is  bounded  above  by  the  crest,  below, 
by  the  arcuate  line;  in  front  and  behind,  by  the  anterior  and  posterior  borders. 
It  presents  a  large,  smooth,  concave  surface,  called  the  iliac  fossa,  which  gives 
origin  to  the  Iliacus  and  is  perforated  at  its  inner  part  by  a  nutrient  canal;  and 
below  this  a  smooth,  rounded  border,  the  arcuate  line,  which  runs  downward,  for¬ 
ward,  and  medialward.  Behind  the  iliac  fossa  is  a  rough  surface,  divided  into  two 
portions,  an  anterior  and  a  posterior.  The  anterior  surface  {auricular  surface), 
so  called  from  its  resemblance  in  shape  to  the  ear,  is  coated  with  cartilage  in  the 
fresh  state,  and  articulates  with  a  similar  surface  on  the  side  of  the  sacrum. 
The  posterior  portion,  known  as  the  iliac  tuberosity,  is  elevated  and  rough,  for 
the  attachment  of  the  posterior  sacroiliac  ligaments  and  for  the  origins  of  the 
Sacrospinalis  and  Multifidus.  Below  and  in  front  of  the  auricular  surface  is  the 
preauricular  sulcus,  more  commonly  present  and  better  marked  in  the  female 
than  in  the  male;  to  it  is  attached  the  pelvic  portion  of  the  anterior  sacroiliac 
ligament. 

The  crest  of  the  ilium  is  convex  in  its  general  outline  but  is  sinuously  curved, 
being  concave  inward  in  front,  concave  outward  behind.  It  is  thinner  at  the  center 
than  at  the  extremities,  and  ends  in  the  anterior  and  posterior  superior  iliac  spines. 
The  surface  of  the  crest  is  broad,  and  divided  into  external  and  internal  lips, 
and  an  intermediate  line.  About  5  cm.  behind  the  anterior  superior  iliac  spine 
there  is  a  prominent  tubercle  on  the  outer  lip.  To  the  external  lip  are  attached 
the  Tensor  fasciae  late,  Obliquus  externus  abdominis,  and  Latissimus  dorsi,  and 
along  its  whole  length  the  fascia  lata;  to  the  intermediate  line  the  Obliquus  internus 
abdominis;  to  the  internal  lip,  the  fascia  iliaca,  the  Transversus  abdominis, 
Quadratus  lumborum,  Sacrospinalis,  and  Iliacus. 

The  anterior  border  of  the  ala  is  concave.  It  presents  two  projections,  separated 
by  a  notch.  Of  these,  the  uppermost,  situated  at  the  junction  of  the  crest  and 
anterior  border,  is  called  the  anterior  superior  iliac  spine;  its  outer  border  gives 
attachment  to  the  fascia  lata,  and  the  Tensor  fasciae  late,  its  inner  border,  to  the 
Iliacus;  while  its  extremity  affords  attachment  to  the  inguinal  ligament  and  gives 
origin  to  the  Sartorius.  Beneath  this  eminence  is  a  notch  from  which  the  Sartorius 
takes  origin  and  across  which  the  lateral  femoral  cutaneous  nerve  passes.  Below 
the  notch  is  the  anterior  inferior  iliac  spine,  which  ends  in  the  upper  lip  of  the 
acetabulum;  it  gives  attachment  to  the  straight  tendon  of  the  Rectus  femoris  and 
to  the  iliofemoral  ligament  of  the  hip-joint.  Medial  to  the  anterior  inferior  spine 
is  a  .broad,  shallow  groove,  over  which  the  Iliacus  and  Psoas  major  pass.  This 
groove  is  bounded  medially  by  an  eminence,  the  iliopectineal  eminence,  which 
marks  the  point  of  union  of  the  ilium  and  pubis. 

The  posterior  border  of  the  ala,  shorter  than  the  anterior,  also  presents  two 
projections  separated  by  a  notch,  the  posterior  superior  iliac  spine  and  the  posterior 
inferior  iliac  spine.  The  former  serves  for  the  attachment  of  the  oblique  portion 
of  the  posterior  sacroiliac  ligaments  and  the  Multifidus;  the  latter  corresponds 
with  the  posterior  extremity  of  the  auricular  surface.  Below  the  posterior  inferior 
spine  is  a  deep  notch,  the  greater  sciatic  notch. 

The  Ischium  (os  ischii). — The  ischium  forms  the  lower  and  back  part  of  the 
hip  bone.  It  is  divisible  into  three  portions — a  body  and  two  rami. 

The  Body  {corpus  oss.  ischii ). — The  body  enters  into  and  constitutes  a  little 
more  than  two-fifths  of  the  acetabulum.  Its  external  surface  forms  part  of  the 
lunate  surface  of  the  acetabulum  and  a  portion  of  the  acetabular  fossa.  Its  internal 
surface  is  part  of  the  wall  of  the  lesser  pelvis;  it  gives  origin  to  some  fibers  of  the 
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Obturator  intemus.  Its  anterior  border  projects  as  the  posterior  obturator  tubercle; 
from  its  posterior  border  there  extends  backward  a  thin  and  pointed  triangular 
eminence,  the  ischial  spine,  more  or  less  elongated  in  different  subjects.  The 
external  surface  of  the  spine  gives  attachment  to  the  Gemellus  superior,  its  internal 
surface  to  the  Coccygeus,  Levator  ani,  and  the  pelvic  fascia;  while  to  the  pointed 
extremity  the  sacrospinous  ligament  is  attached.  Above  the  spine  is  a  large  notch, 
the  creator  sciatic  notch,  converted  into  a  foramen  by  the  sacrospinous  ligament; 
it  transmits  the  Piriformis,  the  superior  and  inferior  gluteal  vessels  and  nerves, 
the  sciatic  and  posterior  femoral  cutaneous  nerves,  the  internal  pudendal  vessels, 
and  nerve,  and  the  nerves  to  the  Obturator  intemus  and  Quadratus  femoris.  Of 
these,  the  superior  gluteal  vessels  and  nerve  pass  out  above  the  Piriformis,  the 
other  structures  below  it.  Below  the  spine  is  a  smaller  notch,  the  lesser  sciatic 
notch;  it  is  smooth,  coated  in  the  recent  state  with  cartilage,  the  surface  of  which 
presents  two  or  three  ridges  corresponding  to  the  subdivisions  of  the  tendon  of 
the  Obturator  internus,  which  winds  over  it.  It  is  converted  into  a  foramen  by 
the  sacrotuberous  and  sacrospinous  ligaments,  and  transmits  the  tendon  of  the 
Obturator  internus,  the  nerve  which  supplies  that  muscle,  and  the  internal 
pudendal  vessels  and  nerve. 

The  Superior  Ramus  {ramus  superior  oss.  ischii;  descending  ramus). — The 
superior  ramus  projects  downward  and  backward  from  the  body  and  presents 
for  examination  three  surfaces:  external,  internal,  and  posterior.  The  external 
surface  is  quadrilateral  in  shape.  It  is  bounded  above  by  a  groove  which  lodges 
the  tendon  of  the  Obturator  externus;  below ,  it  is  continuous  with  the  inferior 
ramus;  in  front  it  is  limited  by  the  posterior  margin  of  the  obturator  foramen; 
behind,  a  prominent  margin  separates  it  from  the  posterior  surface.  In  front  of 
this  margin  the  surface  gives  origin  to  the  Quadratus  femoris,  and  anterior  to  this 
to  some  of  the  fibers  of  origin  of  the  Obturator  externus;  the  lower  part  of  the  sur¬ 
face  gives  origin  to  part  of  the  Adductor  magnus.  The  internal  surface  forms  part 
of  the  bony  wall  of  the  lesser  pelvis.  In  front  it  is  limited  by  the  posterior  margin 
of  the  obturator  foramen.  Below ,  it  is  bounded  by  a  sharp  ridge  which  gives 
attachment  to  a  falciform  prolongation  of  the  sacrotuberous  ligament,  and,  more 
anteriorly,  gives  origin  to  the  Transversus  perinsei  and  Ischiocavernosus.  Poste¬ 
riorly  the  ramus  forms  a  large  swelling,  the  tuberosity  of  the  ischium,  which  is  divided 
into  two  portions:  a  lower,  rough,  somewhat  triangular  part,  and  an  upper,  smooth, 
quadrilateral  portion.  The  lower  portion  is  subdivided  by  a  prominent  longitudinal 
ridge,  passing  from  base  to  apex,  into  two  parts;  the  outer  gives  attachment  to 
the  Adductor  magnus,  the  inner  to  the  sacrotuberous  ligament.  The  upper  portion 
is  subdivided  into  two  areas  by  an  oblique  ridge,  which  runs  downward  and  out¬ 
ward;  from  the  upper  and  outer  area  the  Semimembranosus  arises;  from  the  lower 
aad  inner,  the  long  head  of  the  Biceps  femoris  and  the  Semitendinosus. 

The  Inferior  Ramus  {ramus  inferior  oss.  ischii ;  ascending  ramus). — The  inferior 
ramus  is  the  thin,  flattened  part  of  the  ischium,  which  ascends  from  the  superior 
mmus,  and  joins  the  inferior  ramus  of  the  pubis — the  junction  being  indicated  in 
the  adult  by  a  raised  line.  The  outer  surface  is  uneven  for  the  origin  of  the  Obturator 
esternus  and  some  of  the  fibers  of  the  Adductor  magnus;  its  inner  surface  forms 
part  of  the  anterior  wall  of  the  pelvis.  Its  medial  border  is  thick,  rough,  slightly 
everted,  forms  part  of  the  outlet  of  the  pelvis,  and  presents  two  ridges  and  an 
intervening  space.  The  ridges  are  continuous  with  similar  ones  on  the  inferior 
mums  of  the  pubis:  to  the  outer  is  attached  the  deep  layer  of  the  superficial  peri¬ 
neal  fascia  ( fascia  of  Colles),  and  to  the  inner  the  inferior  fascia  of  the  urogenital 
diaphragm.  If  these  two  ridges  be  traced  downward,  they  will  be  found  to  join 
with  each  other  just  behind  the  point  of  origin  of  the  Transversus  perinsei;  here 
the  two  layers  of  fascia  are  continuous  behind  the  posterior  border  of  the  muscle. 
To  the  intervening  space,  just  in  front  of  the  point  of  junction  of  the  ridges,  the 
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Transversus  perinsei  is  attached,  and  in  front  of  this  a  portion  of  the  crus  penis 
vel  clitoridis  and  the  Ischiocavernosus.  Its  lateral  border  is  thin  and  sharp,  and 
forms  part  of  the  medial  margin  of  the  obturator  foramen. 

The  Pubis  ( os  pubis) . — The  pubis,  the  anterior  part  of  the  hip  bone,  is  divisible 
into  a  body,  a  superior  and  an  inferior  ramus. 

The  Body  {corpus  oss.  pubis). — The  body  forms  one-fifth  of  the  acetabulum, 
contributing  by  its  external  surface  both  to  the  lunate  surface  and  the  acetabular 
fossa.  Its  internal  surface  enters  into  the  formation  of  the  wall  of  the  lesser  pelvis 
and  gives  origin  to  a  portion  of  the  Obturator  internus. 

The  Superior  Ramus  ( ramus  superior  oss.  pubis;  ascending  ramus). — The  superior 
ramus  extends  from  the  body  to  the  median  plane  where  it  articulates  with  its 
fellow  of  the  opposite  side.  It  is  conveniently  described  in  two  portions,  viz.,  a 
medial  flattened  part  and  a  narrow  lateral  prismoid  portion. 

The  Medial  Portion  of  the  superior  ramus,  formerly  described  as  the  body  of 
the  pubis,  is  somewhat  quadrilateral  in  shape,  and  presents  for  examination  two 
surfaces  and  three  borders.  The  anterior  surface  is  rough,  directed  downward  and 
outward,  and  serves  for  the  origin  of  various  muscles.  The  Adductor  longus  arises 
from  the  upper  and  medial  angle,  immediately  below  the  crest;  lower  down,  the 
Obturator  externus,  the  Adductor  brevis,  and  the  upper  part  of  the  Gracilis  take 
origin.  The  posterior  surface,  convex  from  above  downward,  concave  from  side 
to  side,  is  smooth,  and  forms  part  of  the  anterior  wall  of  the  pelvis.  It  gives  origin 
to  the  Levator  ani  and  Obturator  internus,  and  attachment  to  the  puboprostatic 
ligaments  and  to  a  few  muscular  fibers  prolonged  from  the  bladder.  The  upper 
border  presents  a  prominent  tubercle,  the  pubic  tubercle  ( pubic  spine) ,  which  pro¬ 
jects  forward;  the  inferior  crus  of  the  subcutaneous  inguinal  ring  {external  abdominal 
ring),  and  the  inguinal  ligament  {Poupart’s  ligament)  are  attached  to  it.  Passing 
upward  and  lateralward  from  the  pubic  tubercle  is  a  well-defined  ridge,  forming 
a  part  of  the  pectineal  line  which  marks  the  brim  of  the  lesser  pelvis:  to  it  are 
attached  a  portion  of  the  inguinal  falx  {conjoined  tendon  of  Obliquus  internus 
and  Transversus),  the  lacunar  ligament  {Gimbemat’s  ligament),  and  the  reflected 
inguinal  ligament  {triangular  fascia).  Medial  to  the  pubic  tubercle  is  the  crest, 
which  extends  from  this  process  to  the  medial  end  of  the  bone.  It  affords  attach¬ 
ment  to  the  inguinal  falx,  and  to  the  Rectus  abdominis  and  Pyramidalis.  The 
point  of  junction  of  the  crest  with  the  medial  border  of  the  bone  is  called  the  angle; 
to  it,  as  well  as  to  the  symphysis,  the  superior  crus  of  the  subcutaneous  inguinal 
ring  is  attached.  The  medial  border  is  articular;  it  is  oval,  and  is  marked  by  eight 
or  nine  transverse  ridges,  or  a  series  of  nipple-like  processes  arranged  in  rows, 
separated  by  grooves;  they  serve  for  the  attachment  of  a  thin  layer  of  cartilage, 
which  intervenes  between  it  and  the  interpubic  fibrocartilaginous  lamina.  The 
lateral  border  presents  a  sharp  margin,  the  obturator  crest,  which  forms  part  of  the 
circumference  of  the  obturator  foramen  and  affords  attachment  to  the  obturator 
membrane. 

The  Lateral  Portion  of  the  ascending  ramus  has  three  surfaces:  superior,  inferior, 
and  posterior.  The  superior  surface  presents  a  continuation  of  the  pectineal  line, 
already  mentioned  as  commencing  at  the  pubic  tubercle.  In  front  of  this  line,  the 
surface  of  bone  is  triangular  in  form,  wider  laterally  than  medially,  and  is  covered 
by  the  Pectineus.  The  surface  is  bounded,  laterally,  by  a  rough  eminence,  the 
iliopectineal  eminence,  which  serves  to  indicate  the  point  of  junction  of  the  ilium 
and  pubis,  and  below  by  a  prominent  ridge  which  extends  from  the  acetabular 
notch  to  the  pubic  tubercle.  The  inferior  surface  forms  the  upper  boundary  of 
the  obturator  foramen,  and  presents,  laterally,  a  broad  and  deep,  oblique  groove, 
for  the  passage  of  the  obturator  vessels  and  nerve;  and  medially,  a  sharp  margin, 
the  obturator  crest,  forming  part  of  the  circumference  of  the  obturator  foramen, 
and  giving  attachment  to  the  obturator  membrane.  The  posterior  surface  consti- 


THE  HIP  BONE 


237 


tutes  part  of  the  anterior  boundary  of  the  lesser  pelvis.  It  is  smooth,  convex  from 
above  downward,  and  affords  origin  to  some  fibers  of  the  Obturator  internus. 

The  Inferior  Ramus  ( ramus  inferior  oss.  pubis ;  descending  ramus). — The  inferior 
ramus  is  thin  and  flattened.  It  passes  lateralward  and  downward  from  the  medial 
end  of  the  superior  ramus;  it  becomes  narrower  as  it  descends  and  joins  with  the 
inferior  ramus  of  the  ischium  below  the  obturator  foramen.  Its  anterior  surface 
is  rough,  for  the  origin  of  muscles — the  Gracilis  along  its  medial  border,  a  portion 
of  the  Obturator  externus  where  it  enters  into  the  formation  of  the  obturator 
foramen,  and  between  these  two,  the  Adductores  brevis  and  magnus,  the  former 
being  the  more  medial.  The  posterior  surface  is  smooth,  and  gives  origin  to  the 
Obturator  internus,  and,  close  to  the  medial  margin,  to  the  Constrictor  urethrae. 
The  medial  border  is  thick,  rough,  and  everted,  especially  in  females.  It  presents 
two  ridges,  separated  by  an  intervening  space.  The  ridges  extend  downward,  and 
are  continuous  with  similar  ridges  on  the  inferior  ramus  of  the  ischium;  to  the 
external  is  attached  the  fascia  of  Colles,  and  to  the  internal  the  inferior  fascia  of 
the  urogenital  diaphragm.  The  lateral  border  is  thin  and  sharp,  forms  part  of  the 
circumference  of  the  obturator  foramen,  and  gives  attachment  to  the  obturator 
membrane. 

The  Acetabulum  {cotyloid  cavity). — The  acetabulum  is  a  deep,  cup-shaped,  hemi¬ 
spherical  depression,  directed  downward,  lateralward,  and  forward.  It  is  formed 
medially  by  the  pubis,  above  by  the  ilium,  laterally  and  below  by  the  ischium; 
a  little  less  than  two-fifths  is  contributed  by  the  ilium,  a  little  more  than  two- 
fifths  by  the  ischium,  and  the  remaining  fifth  by  the  pubis.  It  is  bounded  by  a 
prominent  uneven  rim,  which  is  thick  and  strong  above,  and  serves  for  the  attach¬ 
ment  of  the  glenoidal  l&brum  {cotyloid  ligament ),  which  contracts  its  orifice,  and 
deepens  the  surface  for  articulation.  It  presents  below  a  deep  notch,  the  acetabular 
notch,  which  is  continuous  with  a  circular  non-articular  depression,  the  acetabular 
fossa,  at  the  bottom  of  the  cavity:  this  depression  is  perforated  by  numerous 
apertures,  and  lodges  a  mass  of  fat.  The  notch  is  converted  into  a  foramen  by 
the  transverse  ligament;  through  the  foramen  nutrient  vessels  and  nerves  enter 
the  joint;  the  margins  of  the  notch  serve  for  the  attachment  of  the  ligamentum 
teres.  The  rest  of  the  acetabulum  is  formed  by  a  curved  articular  surface,  the 
hmate  surface,  for  articulation  with  the  head  of  the  femur. 

The  Obturator  Foramen  {foramen  obturatum;  thyroid  foramen). — The  obturator 
foramen  is  a  large  aperture,  situated  between  the  ischium  and  pubis.  In  the  male 
it  is  large  and  of  an  oval  form,  its  longest  diameter  slanting  obliquely  from  before 
backward;  in  the  female  it  is  smaller,  and  more  triangular.  It  is  bounded  by  a 
thin,  uneven  margin,  to  which  a  strong  membrane  is  attached,  and  presents, 
superiorly,  a  deep  groove,  the  obturator  groove,  which  runs  from  the  pelvis  obliquely 
medialw’ard  and  downward.  This  groove  is  converted  into  a  canal  by  a  ligamentous 
band,  a  specialized  part  of  the  obturator  membrane,  attached  to  two  tubercles: 
one,  the  posterior  obturator  tubercle,  on  the  medial  border  of  the  ischium,  just  in 
front  of  the  acetabular  notch;  the  other,  the  anterior  obturator  tubercle,  on  the 
obturator  crest  of  the  superior  ramus  of  the  pubis.  Through  the  canal  the 
obturator  vessels  and  nerve  pass  out  of  the  pelvis. 

Structure. — The  thicker  parts  of  the  bone  consist  of  cancellous  tissue,  enclosed  between  two 
hyexs  of  compact  tissue;  the  thinner  parts,  as  at  the  bottom  of  the  acetabulum  and  center  of 
the  iliac  fossa,  are  usually  semitransparent,  and  composed  entirely  of  compact  tissue. 

Ossification  (Fig.  243). — The  hip  bone  is  ossified  from  eight  centers:  three  primary — one  each 
for  the  ilium,  ischium,  and  pubis;  and  five  secondary — one  each  for  the  crest  of  the  ilium,  the 
anterior  inferior  spine  (said  to  occur  more  frequently  in  the  male  than  in  the  female) ,  the  tuberosity 
olthe  ischium,  the  pubic  symphysis  (more  frequent  in  the  female  than  in  the  male),  and  one  or 
jnore  for  the  Y-shaped  piece  at  the  bottom  of  the  acetabulum.  The  centers  appear  in  the  follow- 
order:  in  the  lower  part  of  the  ilium,  immediately  above  the  greater  sciatic  notch,  about 
^he eighth  or  ninth  week  of  fetal  life;  in  the  superior  ramus  of  the  ischium,  about  the  third  month; 
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in  the  superior  ramus  of  the  pubis,  between  the  fourth  and  fifth  months.  At  birth,  the  three 
primary  centers  are  quite  separate,  the  crest,  the  bottom  of  the  acetabulum,  the  ischial  tuberosity, 
and  the  inferior  rami  of  the  ischium  and  pubis  being  still  cartilaginous.  By  the  seventh  or  eighth 
year,  the  inferior  rami  of  the  pubis  and  ischium  are  almost  completely  united  by  bone.  About 
the  thirteenth  or  fourteenth  year,  the  three  primary  centers  have  extended  their  growth  into  the 
bottom  of  the  acetabulum,  and  are  there  separated  from  each  other  by  a  Y-shaped  portion  of 
cartilage,  which  now  presents  traces  of  ossification,  often  by  two  or  more  centers.  One  of  these, 
the  os  acetabulij  appears  about  the  age  of  twelve,  between  the  ilium  and  pubis,  and  fuses  with  them 
about,  the  age  of  eighteen;  it  forms  the  pubic  part  of  the  acetabulum.  The  ilium  and  ischium 
then  become  joined,  and  lastly  the  pubis  and  ischium,  through  the  intervention  of  this  Y-shaped 
portion.  At  about  the  age  of  puberty,  ossification  takes  place  in  each  of  the  remaining  portions, 
and  they  join  with  the  rest  of  the  bone  between  the  twentieth  and  twenty-fifth  years.  Separate 
centers  are  frequently  found  for  the  pubic  tubercle  and  the  ischial  spine,  and  for  the  crest  and 
angle  of  the  pubis. 

Articulations. — The  bip  bone  articulates  with  its  fellow  of  the  opposite  side,  and  with  the 
sacrum  and  femur. 

hy  eight  centers  I  Thr€€  Vri^ry  (Ilium.  Ischium,  and  Pubis) 

\  Five  secondary 


Fio.  £43. — Plan  of  oaaificauoa  of  the  hip  bone.  The  three  primary  centers  unite  through  a  Y-ahaped  piece  about 
puberty.  Epiphyses  appear  about  puberty,  ami  unite  about  turemy-fi/th  year. 

The  Pelvis. 

The  pelvis,  so  called  from  its  resemblance  to  a  basin,  is  a  bony  ring,  interposed 
between  the  movable  vertebra?  of  the  vertebral  column  which  it  supports,  and  the 
lower  limbs  upon  which  it  rests;  it  is  stronger  and  more  massively  constructed 
than  the  wall  of  the  cranial  or  thoracic  cavities,  and  is  composed  of  four  bones; 
the  two  hip  bones  laterally  and  in  front  and  the  sacrum  and  coccyx  behind. 

The  pelvis  is  divided  by  an  oblique  plane  passing  through  the  prominence  of 
the  sacrum,  the  arcuate  and  pectineal  lines,  and  the  upper  margin  of  the  symphysis 
pubis,  into  the  greater  and  the  lesser  pelvis.  The  circumference  of  this  plane  is 
termed  the  linea  terminalis  or  pelvic  brim. 

The  Greater  or  False  Pelvis  (pefaU  major). —The  greater  pelvis  is  the  expanded 
portion  of  the  cavity  situated  above  and  in  front  of  the  pelvic  brim.  It  is  bounded 
on  either  side  by  the  ilium;  in  front  it  is  incomplete,  presenting  a  wide  interval 
between  the  anterior  borders  of  the  ilia,  which  is  filled  up  in  the  fresh  state  by 
the  parietes  of  the  abdomen ;  behind  is  a  deep  notch  on  either  side  between  the  ilium 
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and  the  base  of  the  sacrum.  It  supports  the  intestines,  and  transmits  part  of  their 
weight  to  the  anterior  wall  of  the  abdomen. 

The  Lesser  or  True  Pelvis  (pelvis  minor). — The  lesser  pelvis  is  that  part  of  the 
pelvic  cavity  which  is  situated  below  and  behind  the  pelvic  brim.  Its  bony  walls 
sre  more  compete  than  those  of  the  greater  pelvis.  For  convenience  of  descrip¬ 
tion,  it  is  divided  into  an  inlet  bounded  by  the  superior  circumference,  and  outlet 
bounded  by  the  inferior  circumference,  and  a  cavity. 

The  Superior  Circumference. — The  superior  circumference  forms  the  brim  of  the 
pelvis,  the  included  space  being  called  the  superior  aperture  or  inlet  (apertura  pelvis 
imnoris]  superior)  (Fig.  244).  It  is  formed  laterally  by  the  pectineal  and  arcuate 
lines,  in  front  by  the  crests  of  the  pubes,  and  behind  by  the  anterior  margin  of  the 
base  of  the  sacrum  and  saerovertebral  angle.  The  superior  aperture  is  somewhat 
heart-shaped,  obtusely  pointed  in  front,  diverging  on  either  side,  and  encroached 
upon  behind  by  the  projection  forward  of  the  promontory  of  the  sacrum.  It  has 
three  principal  diameters:  antero-posterior,  transverse,  and  oblique.  The  antero¬ 
posterior  or  conjugate  diameter  extends  from  the  saerovertebral  angle  to  the  sym¬ 
physis  pubis;  its  average  measurement  is  about  110  mm.  in  the  female.  The 
transverse  diameter  extends  across  the  greatest  width  of  the  superior  aperture, 
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Fiq.  244. — Diameters  of  superior  aperture  of  lesser  pelvis  (female). 

from  the  middle  of  the  brim  on  one  side  to  the  same  point  on  the  opposite;  its  aver¬ 
age  measurement  is  about  135  mm.  in  the  female.  The  oblique  diameter  extends 
from  the  iliopectineal  eminence  of  one  side  to  the  sacroiliac  articulation  of  the 
opposite  side;  its  average  measurement  is  about  125  mm.  in  the  female. 

The  cavity  of  the  lesser  pelvis  is  bounded  in  front  and  below  by  the  pubic  sym¬ 
physis  and  the  superior  rami  of  the  pubes;  above  and  behind,  by  the  pelvic  surfaces 
of  the  sacrum  and  coccyx,  which,  curving  forward  above  and  below,  contract 
the  superior  and  inferior  apertures  of  the  cavity;  laterally,  by  a  broad,  smooth, 
quadrangular  area  of  bone,  corresponding  to  the  inner  surfaces  of  the  body  and 
superior  ramus  of  the  ischium  and  that  part  of  the  ilium  which  is  below  the  arcuate 
line.  From  this  description  it  will  be  seen  that  the  cavity  of  the  lesser  pelvis 
te  a  short,  curved  canal,  considerably  deeper  on  its  posterior  than  on  its  anterior 
*all.  It  contains,  in  the  fresh  subject,  the  pelvic  colon,  rectum,  bladder,  and  some 
of  the  organs  of  generation.  The  rectum  is  placed  at  the  back  of  the  pelvis,  in 
the  curve  of  the  sacrum  and  coccyx;  the  bladder  is  in  front,  behind  the  pubic  sym¬ 
physis.  I  n  the  female  the  uterus  and  vagina  occupy  the  interval  between  these  v  iscera. 

The  Lover  Circumference. — The  lower  circumference  of  the  pelvis  is  very  irregular; 
the  space  enclosed  by  it  is  named  the  inferior  aperture  or  outlet  (apertura  pehtis 
[mnoris j  inferior)  (Fig.  245),  and  is  bounded  behind  by  the  point  of  the  coccyx, 
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Position  of  the  Pelvis  (Fig.  246).— In  the  erect  posture,  the  pelvis  is  placed 
obliquely  with  regard  to  the  trunk:  the  plane  of  the  superior  aperture  forms  an 
«ogle  of  from  50°  to  60°,  and  that  of  the  inferior  aperture  one  of  about  15°  with 
tie  horizontal  plane.  The  pelvic  surface  of  the  symphysis  pubis  looks  upward 
ami  backward,  the  concavity  of  the  sacrum  and  coccyx  downward  and  forward. 
The  position  of  the  pelvis  in  the  erect  posture  may  be  indicated  by  holding  it  so 
that  the  anterior  superior  iliac  spines  and  the  front  of  the  top  of  the  symphysis 
pubis  are  in  the  same  vertical  plane. 


Via.  247. — Male  pelvis. 


Differences  between  the  Male  and  Female  Pelves. — The  female  pelvis  (Fig. 
2iS)  is  distinguished  from  that  of  the  male  (Fig.  247)  by  its  bones  being  more 
delicate  and  its  depth  less.  The  whole  pelvis  is  less  massive,  and  its  muscular 
impressions  are  slightly  marked.  The  ilia  are  less  sloped,  and  the  anterior  iliac 
spines  more  widely  separated;  hence  the  greater  lateral  prominence  of  the  hips. 
The  preauricular  sulcus  is  more  commonly  present  and  better  marked.  The  supe¬ 
rior  aperture  of  the  lesser  pelvis  is  larger  in  the  female  than  in  the  male;  it  is  more 
nearly  circular,  and  its  obliquity  is  greater.  The  cavity  is  shallower  and  wider; 
the  sacrum  is  shorter,  wider,  and  its  upper  part  is  less  curved;  the  obturator 
foramina  are  triangular  in  shape  and  smaller  in  size  than  in  the  male.  The  inferior 
aperture  is  larger  and  the  coccyx  more  movable.  The  sciatic  notches  are  wider 
ami  shallower,  and  the  spines  of  the  isehia  project  less  inward.  The  acetabula 
are  smaller  and  look  more  distinctly  forward  (I)erry1),  The  ischial  tuberosities 
ami  the  acetabula  are  wider  apart,  and  the  former  are  more  everted.  The  pubic 
symphysis  is  less  deep,  and  the  pubic  arch  is  wider  and  more  rounded  than  in  the 
male,  where  it  is  an  angle  rather  than  an  arch. 

The  size  of  the  pelvis  varies  not  only  in  the  two  sexes,  but  also  in  different 
members  of  the  same  sex,  and  does  not  appear  to  be  influenced  in  any  way  by  the 
height  of  the  individual.  Women  of  short  stature,  as  a  rule,  have  broad  pelves. 
Occasionally  the  pelvis  is  equally  contracted  in  all  its  dimensions,  so  much  so 
that  all  its  diameters  measure  12.5  mm.  less  than  the  average,  and  this  even  in 
*ell-formed  women  of  average  height.  The  principal  divergences,  however,  are 

1  Journal  of  Anatomy  and  Physiology,  vol  43. 
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found;  the  superior  aperture,  and  affect  the  refatmi  of  the  atitero^o^riot 
to  the  transverse  diameter.  Thus  the  superior  opert are  may  he  dliptkal  either 
in  a  transverse  or  au  sutero-po^terior  direction  the'  transverse  diameter,  m  die 
firmer,  ante^-posterioe  iiythe  hitter*  greatly  $xemimg  the  other  dfametm; 

m.u.ther  .in^tanee.s.it  is  almost  circular'. 


In  the  terns,  and  for  several  years  after  birth,  the  pelvis  is  smaller  in  projK>rtion 
than  hv  the  ^duJt,  and  ‘ .angle  less  marked. 

The  characteristic  difTerenees  between  the  male  and  female ../pel vis  are  distinctly 
indicated  as  early  as  the  fourth  month  of  fetal  life, 

Abncn&*liti&&,  - There  m  aue-st  W  d^vrienmetu.  in  lUe  botipa  of  ih*  pelvi*  m  c aae?  i>f  ^fro* 
v«rjjftoii.  of  the  liind^V  1%  ^uUTior  pte  of  tiie  ;peivic  giolle  m  Uie  {syp^inr  rti'mi  ol 

the  pubes  arc  iiripeff ectiy  -and;  the'  ^symphysis  in  absent.  ‘  *  The  pubic  botvtrs  i t%-  0pa+- 

rated  jU  fetHTnetev  tfe^-»up«jmr  rjam<  shortened  auU  difretvii  forward, 

rih&ihe  bbiUmfejf  foraftieiv dimmished  narrowed,' amt  turned  outward.  The  ii tar  bfaxiga 

arff^tniiglU^ncd  out  rriorc  titan  hormai-  Thc\Sucriim  is  very  |»f^jiUfcf  The  lateral  c*40%  i?^t.04d 
of  Vmitg.  t:c>*M\iVe.  k  flntwitui  nr  even  cotwex;-  with  the  iiicwacral  facets  turned  more  otfittr-ard 
ttmi>  normal  wlafe  th^?  vortu-ai  ehr^  is; 

The  Femur  (Thigh  Bone  y 

The  femur  (Figs,.  250,  251),  the  ior^est  and  strongest  horns  id  the  skeleton,  is 
almost  perfectly. rylindri-eal  in  the  greater  part  of  its  extent  In  the  erect  posture 
it  is  not  vertical,  being  separated  above  from  it*  fellow  In  &  considerable  interval, 
which  corresponds  to  the  breadth  of  the  pelvis,  but  inctiiiio# gCadhgUy  downward 
and ^  medial i ward  ,  so  as  Krapproaeh  its  fdiw  toward  its  1qw#r for  the  purpose 
of  bringing  the  kn.ee- joint  near  the  line  of  gravity  of  (lie  body.  Tire  degree  of  tins 
inclination  varies  in  di’ttmmt  persons,  and  is  gmiter  in  the  female  than  in  tte  umb\ 
on  account  of  the  greater  breud th  of  the  pelvis.  The  lemur,  like  other  luuy 
Is  divisible  into  a  body  a fkl  two  extremities. 

Th&  Upper  Extremity  (j/mxSmal  r-vlmiiity.  Fig.  2If». . The  upper  cxtrowdty- 

presents  for  examination  a  head,  a  neick,  a  greater  and  n  lesser  trochanter. 

.The  Iftijad.-  v'cfi/u/l  /t'wori*)*— The  head  which  in  globular  and  Janus  rot fior  more 
than  a  hemisphere,  is  directed  upward;  media  I  wank  and  a  little  funvani.  the  greater, 
part  of  its  <'!»iiVcMty  being  above  and  in  frmt,  Its  surface  &  smooth*  voutfd  with 
carti]^  •  in  the fre^U  smtedex^pt  bykr  an.  ai?0ri  <fepre!^4nn;:tfe  fovea  capitis 

f  Wwl.  Ho'ivii >  bVW-nii/'V  »•>*  C'-iCUiviil  Snrgiirv,  vm*  *e  4$0L 
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femoris,  which  is  situated  a  little  below  and  behind  the  center  of  the  head,  and 
attachment  to  the  ligainentum  teres. 

The  Neck  (collum  femoris) 


The  neck  is  a  flattened  pyramidal  process  of  bone, 
connecting  the  head  with  the  body,  and  forming  with  the  latter  a  wide  angle  open- 
tag  medialward 


The  angle  is  widest  in  infancy,  and  becomes  lessened  during 
growth,  so  that  at  puberty  it  forms  a  gentle  curve  from  the  axis  of  the  body  of  the 
bone.  In  the  adult,  the  neck  forms  an  angle  of  about  125°  with  the  body,  but  this 
varies  in  inverse  proportion  to  the  development  of  the  pelvis  and  the  stature.  In 
the  female,  in  consequence  of  the  increased  width  of  the  pelvis,  the  neck  of  the 
femur  forms  more  nearly  a  right  angle  with  the  body  than  it  does  in  the  male. 
The  angle  decreases  during  the  period  of  growth,  but  after  full  growth  has  been 
attained  it  does  not  usually  undergo  any  change,  even  in  old  age;  it  varies  con- 
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Fig  243- — Upper  extremity  of  fight  femur  viewed  from  behind  and  above. 


siderably  in  different  persons  of  the  same  age.  It  is  smaller  in  short  than  in  Jong 
bones,  and  w  hen  the  pelvis  is  wide.  In  addition  to  projecting  upward  and  medial- 
sard  from  the  body  of  the  femur,  the  neck  also  projects  somewhat  forward;  the 
aioount  of  this  forward  projection  is  extremely  variable,  but  on  an  average  is  from 
i2c  to  14°. 

The  neck  is  flattened  from  before  backward,  contracted  in  the  middle,  and 
broader  laterally  than  medially.  The  vertical  diameter  of  the  lateral  half  is  in¬ 
creased  by  the  obliquity  of  the  lower  edge,  which  slopes  downward  to  join  the 
Wv  at  the  level  of  the  lesser  trochanter,  so  that  it  measures  one-third  more 
than  the  antero-posterior  diameter.  The  medial  half  is  smaller  and  of  a  more 
dreufar  shape.  The  anterior  surface  of  the  neck  is  perforated  by  numerous  vascular 
foramina.  Along  the  upper  part  of  the  line  of  junction  of  the  anterior  surface 
the  head  is  a  shallow  groove,  best  marked  in  elderly  subjects;  this 
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Fig.  250. — Right  femur.  Anterior  surface. 


groove  lodges  the  orbicular  fibers 
of  the  capsule  of  the  hip-joint. 
The  posterior  surface  is  smooth,  and 
is  broader  and  more  concave  than 
the  anterior:  the  posterior  part  of 
the  capsule  of  the  hip-joint  is 
attached  to  it  about  1  cm.  above 
the  intertrochanteric  crest.  The 
superior  border  is  short  and  thick, 
and  ends  laterally  at  the  greater 
trochanter;  its  surface  is  perforated 
by  large  foramina.  The  inferior 
border,  long  and  narrow,  curves  a 
little  backward,  to  end  at  the  lesser 
trochanter. 

The  Trochanters. — The  trochan¬ 
ters  are  prominent  processes  which 
afford  leverage  to  the  muscles  that 
rotate  the  thigh  on  its  axis.  They 
are  two  in  number,  the  greater  and 
the  lesser. 

The  Greater  Trochanter  {trochanter 
major;  great  trochanter)  is  a  large, 
irregular,  quadrilateral  eminence, 
situated  at  the  junction  of  the  neck 
with  the  upper  part  of  the  body.  It 
is  directed  a  little  lateralward  and 
backward,  and,  in  the  adult,  is  about 
1  cm.  lower  than  the  head.  It  has 
two  surfaces  and  four  borders.  The 
lateral  surface,  quadrilateral  in  form, 
is  broad,  rough,  convex,  and  marked 
by  a  diagonal  impression,  which 
extends  from  the  postero-superior 
to  the  antero-inferior  angle,  and 
serves  for  the  insertion  of  the  ten¬ 
don  of  the  Glutseus  medius.  Above 
the  impression  is  a  triangular  sur¬ 
face,  sometimes  rough  for  part  of 
the  tendon  of  the  same  muscle, 
sometimes  smooth  for  the  inter¬ 
position  of  a  bursa  between  the 
tendon  and  the  bone.  Below  and 
behind  the  diagonal  impression  is 
a  smooth,  triangular  surface,  over 
which  the  tendon  of  the  Gluteus 
maximus  plays,  a  bursa  being  inter¬ 
posed  .  The  medial  surface,  of  much 
less  extent  than  the  lateral,  pre¬ 
sents  at  its  base  a  deep  depression, 
the  trochanteric  fossa  {digital  fossa), 
for  the  insertion  of  the  tendon  of 
the  Obturator  externus,  and  above 
and  in  front  of  this  an  impression 
for  the  insertion  of  the  Obtura- 
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tor  interims  and  Gemelli.  The 
superior  border  is  free;  it  is  thick 
and  irregular,  and  marked  near 
the  center  by  an  impression  for 
the  insertion  of  the  Piriformis. 
The  inferior  border  corresponds 
to  the  line  of  junction  of  the 
base  of  the  trochanter  with  the 
lateral  surface  of  the  body;  it  is 
marked  by  a  rough,  prominent, 
slightly  curved  ridge,  which  gives 
origin  to  the  upper  part  of  the 
Vastus  lateralis.  The  anterior 
border  is  prominent  and  some¬ 
what  irregular;  it  affords  inser¬ 
tion  at  its  lateral  part  to  the 
Gluteus  minimus.  The  posterior 
bonier  is  very  prominent  and 
appears  as  a  free,  rounded  edge, 
which  bounds  the  back  part  of 
the  trochanteric  fossa. 

The  Lesser  Trochanter  ( tro¬ 
chanter  minor;  small  trochanter) 
is  a  conical  eminence,  which 
varies  in  size  in  different  sub¬ 
jects;  it  projects  from  the  lower 
and  back  part  of  the  base  of  the 
neck.  From  its  apex  three  well- 
marked  borders  extend;  two  of 
these  are  above — a  medial  con¬ 
tinuous  with  the  lower  border 
of  the  neck,  a  lateral  with  the 
intertrochanteric  crest;  the  in¬ 
ferior  border  is  continuous  with 
the  middle  division  of  the  linea 
aspera.  The  summit  of  the  tro¬ 
chanter  is  rough,  and  gives  in¬ 
sertion  to  the  tendon  of  the 
Psoas  major. 

A  prominence,  of  variable  size, 
occurs  at  the  junction  of  the 
upper  part  of  the  neck  with  the 
greater  trochanter,  and  is  called 
the  tubercle  of  the  femur;  it  is 
the  point  of  meeting  of  five 
muscles:  the  Gluteus  minimus 
laterally,  the  Vastus  lateralis 
below,  and  the  tendon  of  the 
Obturator  intemus  and  two 
Gemelli  above.  Running  ob¬ 
liquely  downward  and  medial- 
ward  from  the  tubercle  is  the 
intertrochanteric  line  (spiral  line 
of  the  femur) ;  it  winds  around 
the  medial  side  of  the  body  of 
the  bone,  below  the  lesser  tro- 
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Fig.  251. — Right  femur.  Posterior  surface. 
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chanter,  and  ends  about  5  cm.  below  this  eminence  in  the  linea  aspera.  Its  upper 
half  is  rough,  and  affords  attachment  to  the  iliofemoral  ligament  of  the  hip-joint; 
its  lower  half  is  less  prominent,  and  gives  origin  to  the  upper  part  of  the  Vastus 
medialis.  Running  obliquely  downward  and  medialward  from  the  summit  of  the 
greater  trochanter  on  the  posterior  surface  of  the  neck  is  a  prominent  ridge,  the 
intertrochanteric  crest.  Its  upper  half  forms  the  posterior  border  of  the  greater  tro¬ 
chanter,  and  its  lower  half  runs  downward  and  medialward  to  the  lesser  trochanter. 
A  slight  ridge  is  sometimes  seen  commencing  about  the  middle  of  the  intertrochan¬ 
teric  crest,  and  reaching  vertically  downward  for  about  5  cm.  along  the  back  part 
of  the  body:  it  is  called  the  linea  quadrata,  and  gives  attachment  to  the  Quad- 
ratus  femoris  and  a  few  fibers  of  the  Adductor  magnus.  Generally  there  is  merely 
a  slight  thickening  about  the  middle  of  the  intertrochanteric  crest,  marking  the 
attachment  of  the  upper  part  of  the  Quadratus  femoris. 

The  Body  or  Shaft  {corpus  femoris ). — The  body,  almost  cylindrical  in  form,  is 
a  little  broader  above  than  in  the  center,  broadest  and  somewhat  flattened  from 
before  backward  below.  It  is  slightly  arched,  so  as  to  be  convex  in  front,  and  con¬ 
cave  behind,  where  it  is  strengthened  by  a  prominent  longitudinal  ridge,  the  linea 
aspera.  It  presents  for  examination  three  borders,  separating  three  surfaces.  Of 
the  borders,  one,  the  linea  aspera,  is  posterior,  one  is  medial,  and  the  other,  lateral. 

The  linea  aspera  (Fig.  251)  is  a  prominent  longitudinal  ridge  or  crest,  on  the 
middle  third  of  the  bone,  presenting  a  medial  and  a  lateral  lip,  and  a  narrow 
rough,  intermediate  line.  Above,  the  linea  aspera  is  prolonged  by  three  ridges. 
The  lateral  ridge  is  very  rough,  and  runs  almost  vertically  upward  to  the  base  of 
the  greater  trochanter.  It  is  termed  the  gluteal  tuberosity,  and  gives  attachment 
to  part  of  the  Gluteus  maximus:  its  upper  part  is  often  elongated  into  a  roughened 
crest,  on  which  a  more  or  less  well-marked,  rounded  tubercle,  the  third  trochanter, 
is  occasionally  developed.  The  intermediate  ridge  or  pectineal  line  is  continued 
to  the  base  of  the  lesser  trochanter  and  gives  attachment  to  the  Pectineus;  the 
medial  ridge  is  lost  in  the  intertrochanteric  line;  between  these  two  a  portion  of  the 
Iliacus  is  inserted.  Below,  the  linea  aspera  is  prolonged  into  two  ridges,  enclosing 
between  them  a  triangular  area,  the  popliteal  surface,  upon  which  the  popliteal 
artery  rests.  Of  these  two  ridges,  the  lateral  is  the  more  prominent,  and  descends 
to  the  summit  of  the  lateral  condyle.  The  medial  is  less  marked,  especially  at  its 
upper  part,  where  it  is  crossed  by  the  femoral  artery.  It  ends  below  at  the  summit 
of  the  medial  condyle,  in  a  small  tubercle,  the  adductor  tubercle,  which  affords 
insertion  to  the  tendon  of  the  Adductor  magnus. 

From  the  medial  lip  of  the  linea  aspera  and  its  prolongations  above  and  below, 
the  Vastus  medialis  arises;  and  from  the  lateral  lip  and  its  upward  prolongation, 
the  Vastus  lateralis  takes  origin.  The  Adductor  magnus  is  inserted  into  the  linea 
aspera,  and  to  its  lateral  prolongation  above,  and  its  medial  prolongation  below. 
Between  the  Vastus  lateralis  and  the  Adductor  magnus  two  muscles  are  attached 
— viz.,  the  Gluteus  maximus  inserted  above,  and  the  short  head  of  the  Biceps 
femoris  arising  below.  Betweeen  the  Adductor  magnus  and  the  Vastus  medialis 
four  muscles  are  inserted:  the  Iliacus  and  Pectineus  above;  the  Adductor  brevis 
and  Adductor  longus  below.  The  linea  aspera  is  perforated  a  little  below  its  center 
by  the  nutrient  canal,  which  is  directed  obliquely  upward. 

The  other  two  borders  of  the  femur  are  only  slightly  marked :  the  lateral  border 
extends  from  the  antero-inferior  angle  of  the  greater  trochanter  to  the  anterior 
extremity  of  the  lateral  condyle;  the  medial  border  from  the  intertrochanteric  line, 
at  a  point  opposite  the  lesser  trochanter,  to  the  anterior  extremity  of  the  medial 
condyle. 

The  anterior  surface  includes  that  portion  of  the  shaft  which  is  situated  between 
the  lateral  and  medial  borders.  It  is  smooth,  convex,  broader  above  and  below 
than  in  the  center.  From  the  upper  three-fourths  of  this  surface  the  Vastus  inter- 
medius  arises;  the  lower  fourth  is  separated  from  the  muscle  by  the  intervention 
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.  synovial  membrane  of  the  knee-joint  and  a  burnt  froflt  the  upper  part  of  it 
the  Articular  twgemt  takes  aright.  The  lateral  surface  includes  the  portion  between 
tij?  lateral  l«:,-r>:ier  and' the  linea  asperfc;  it  is  continuous  u  bo ve  with  the  correspond¬ 
ing  surface  of  the  greater  trochanter,  below  with  that  of  ihelatcra)  eqiidytepfrofii 
its  upper  ihree-founhs  the  Vastus  intertpedi us  takes  origin..  The  medial  surface 
ia*farfc$  the  portion  between  the  medial  border  and  die..itaieh  twsfteru;  it'fe’dbn'tt.hu- 
.;‘v,  I?  with  the  lower  bottler  of  the  week,  below'  with  the  medial  side  of  the 
medial  ,vuidyle:  it  is  covered  by  the  Vastus  meditdis. 

The  lower  Extremity  kllstal  extremity)}  (Fig.  252k— 'Use  lower  extremity,  larger 
ta!'  ifok  upper,  is  somewhat,  cuboid  in  forth,  bt.it  its  transverse  diameter  is  greater 
t  its  auteri  * -posterior;  it  Consists  of  twvi  oblong 'known  as  the  condyles. 
Inftoiitjhe  e«^fi<lyles  anvbut  8h'Klttly  prr>»i|iWbt,  ttrt‘tare  separated  from  (tne  atiof  her 
to  »  mi'iiith  shallow  articular  depression  .called  the  patellar surface;  behind,  they 
project  cUnaitlerably,  and  the  ititervid  betw'ectt  them  forms  a  deep  notch,  the 
uaertondyloid  fossa.  The  lateral  condyle  ivt'W more  prominent  and  is  the  broader 
t«iih  in  its  a  otero-posterior  and  transverse  diameters ,  the  medial  condyk  is  thy. 
ktigrr  and,  when  the  femur  is  held  with  ita  body  perpendicular,  projects  to  a  lower 
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level.  'When,  however,  the  femur  is  it;  its- natunil  oblique  position  the  lower  sur- 
ht’SS  df  ihe  two  condyles  lie  praetieully  in  the  same  horizontal  plane.  The  -condyles 
"f  not.  quite  parallel  with  >nie  aunt  her:  the  long  axis  of  the  lateral  is  almost 
.%ptf^:sittcr^p0^$j?ftor,'.hut  that  of  the  mediM  runs  backward  and  medialward, 
lltek.  opposed  surfaces  are  small,  rough,  and  concave,  and  form  the  walls  of  the 
wtero.Midyloid  fossa,  This  fossa  Is  limited  above  by  a  ridge,  the  intercondyloid 
below  by  the  central  part  of  the  posterior  margin  of  the  patellar  surface, 
li'!* posterior  cruciate  ligament  of  the- .knee-joint  is  attached  to  the  lower  and  front 
port  of  t!>e  medial  wall  of  the  fossa  and  the  anterior  cruciate  ligament  to  un  impres- 
»‘ft  «>r*  the  Upper  and  back  part  of  its  lateral  walt.:  Each  condyle  is  ■surmounted 
i/.  an  deration ,  the  cpicondyle.  The  medial  epicondyle  is  a  large  convex  eminence 
WysijiVh  the  tibia!  collateral  ligament  of  the  knee-joint  is  attaches!.  At  its  upper 
If’ft.ia  tin?  adductor  tubercle,  already  referred  to,  and  behind  it  is  a  fetigh  i)»pres- 
ske  whiith  gives  origin  to  the  medial  head  of  the  fJastroencmiug. . The  lateral 
*ptoMjrte,  smaller  and  less  prominent  than  tin*  medial,  gives  attaefaiwept.  to  the 
,  ®?Ww  collateral  ligament  of  the  knee-joint.  IJitertiy  below  it  is  a  shfali  depression 
Up  •yhh'.h  a  smooth  well-marked  groove  curves  obliquely  upward  and  backward 
f>*  jKHterior  extremity  ot  the  condyle;  This  groove  i^,sfparat<^  from  the 
s.'bcul.ir  surface  of  the  condyle  by  a  prominent  lip  amiss  which  a  second,  shallower 
$$jt  run s  vertically  downward  from  the  depression.  In  (he  fresh  state  these 
pavss  are  covered  with  cartilage, .  Tin*  Poplitcus  arises  from  the  depression, 
its  tendon  lies  in  the  oblique  groove  when  the  knee  is  flexed  and  in  the  vertical 
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groove  when  the  knee  is  extended.  Above  and  behind  the  lateral  epicondyle  is 
an  area  for  the  origin  of  the  lateral  head  of  the  Gastrocnemius,  above  and  to  the 
medial  side  of  which  the  Plantaris  arises. 

The  articular  surface  of  the  lower  end  of  the  femur  occupies  the  anterior,  inferior, 
and  posterior  surfaces  of  the  condyles.  Its  front  part  is  named  the  patellar  surface 
and  articulates  with  the  patella;  it  presents  a  median  groove  which  extends  down¬ 
ward  to  the  intercondyloid  fossa  and  two  convexities,  the  lateral  of  which  is  broader, 
more  prominent,  and  extends  farther  upward  than  the  medial.  The  lower  and 
posterior  parts  of  the  articular  surface  constitute  the  tibial  surfaces  for  articulation 
with  the  corresponding  condyles  of  the  tibia  and  menisci.  These  surfaces  are 
separated  from  one  another  by  the  intercondyloid  fossa  and  from  the  patellar 
surface  by  faint  grooves  which  extend  obliquely  across  the  condyles.  The  lateral 
groove  is  the  better  marked;  it  runs  lateralward  and  forward  from  the  front  part 
of  the  intercondyloid  fossa,  and  expands  to  form  a  triangular  depression.  When 
the  knee-joint  is  fully  extended,  the  triangular  depression  rests  upon  the  anterior 
portion  of  the  lateral  meniscus,  and  the  medial  part  of  the  groove  comes  into  con¬ 
tact  with  the  medial  margin  of  the  lateral  articular  surface  of  the  tibia  in  front 
of  the  lateral  tubercle  of  the  tibial  intercondyloid  eminence.  The  medial  groove 
is  less  distinct  than  the  lateral.  It  does  not  reach  as  far  as  the  intercondyloid 
fossa  and  therefore  exists  only  on  the  medial  part  of  the  condyle;  it  receives  the 
anterior  edge  of  the  medial  meniscus  when  the  knee-joint  is  extended.  Where  the 
groove  ceases  laterally  the  patellar  surface  is  seen  to  be  continued  backward  as 
a  semilunar  area  close  to  the  anterior  part  of  the  intercondyloid  fossa;  this  semi¬ 
lunar  area  articulates  with  the  medial  vertical  facet  of  the  patella  in  forced  flexion 
of  the  knee-joint.  The  tibial  surfaces  of  the  condyles  are  convex  from  side  to  side 
and  from  before  backward.  Each  presents  a  double  curve,  its  posterior  segment 
being  an  arc  of  a  circle,  its  anterior,  part  of  a  cycloid.1 

The  Architecture  of  the  Femur. — Koch1  by  mathematical  analysis  has  “shown  that  in  every 
part  of  the  femur  there  is  a  remarkable  adaptation  of  the  inner  structure  of  the  bone  to  the  mechan¬ 
ical  requirements  due  to  the  load  on  the  femur-head.  The  various  parts  of  the  femur  taken 
together  form  a  single  mechanical  structure  wonderfully  well-adapted  for  the  efficient,  economical 
transmission  of  the  loads  from  the  acetabulum  to  the  tibia;  a  structure  in  which  every  element 
contributes  its  modicum  of  strength  in  the  manner  required  by  theoretical  mechanics  for  maximum 
efficiency.”  “The  internal  structure  is  everywhere  so  formed  as  to  provide  in  an  efficient  manner 
for  all  the  internal  stresses  which  occur  due  to  the  load  on  the  femur-head.  Throughout  the  femur, 
with  the  load  on  the  femur-head,  the  bony  material  is  arranged  in  the  paths  of  the  maximum 
internal  stresses,  which  are  thereby  resisted  with  the  greatest  efficiency,  and  hence  with  maximum 
economy  of  material.”  “The  conclusion  is  inevitable  that  the  inner  structure  and  outer  form  of 
the  femur  are  governed  by  the  conditions  of  maximum  stress  to  which  the  bone  is  subjected 
normally  by  the  preponderant  load  on  the  femur-head;  that  is,  by  the  body  weight  transmitted 
to  the  femur-head  through  the  acetabulum.”  “The  femur  obeys  the  mechanical  laws  that  govern 
other  elastic  bodies  under  stress;  the  relation  between  the  computed  internal  stresses  due  to  the 
load  on  the  femur-head,  and  the  internal  structure  of  the  different  portions  of  the  femur  is  in  very 
close  agreement  with  the  theoretical  relations  that  should  exist  between  stress  and  structure  for 
maximum  economy  and  efficiency;  and,  therefore,  it  is  believed  that  the  following  laws  of  bone 
structure  have  been  demonstrated  for  the  femur: 

“1.  The  inner  structure  and  external  form  of  human  bone  are  closely  adapted  to  the  mechanical 
conditions  existing  at  every  point  in  the  bone. 

“2.  The  inner  architecture  of  normal  bone  is  determined  by  definite  and  exact  requirements  of 
mathematical  and  mechanical  laws  to  produce  a  maximum  of  strength  with  a  minimum  of 
material. ” 

The  Inner  Architecture  of  the  Upper  Femur.— “The  spongy  bone  of  the  upper  femur  (to  the 
lower  limit  of  the  lesser  trochanter)  is  composed  of  two  distinct  systems  of  trabecula  arranged  in 
curved  paths:  one,  which  has  its  origin  in  the  medial  (inner)  side  of  the  shaft  and  curving  upward 
in  a  fan-like  radiation  to  the  opposite  side  of  the  bone;  the  other,  having  origin  in  the  lateral 
(outer)  portion  of  the  shaft  and  arching  upward  and  medially  to  end  in  the  upper  surface  of  the 
greater  trochanter,  neck  and  head.  These  two  systems  intersect  each  other  at  right  angles. 

1  A  cycloid  is  a  curve  traced  by  a  point  in  the  circumference  of  a  wheel  when  the  wheel  is  rolled  along  in  a  straight 
line. 

*  The  Laws  of  Bone  Architecture.  Am.  Jour,  of  Anat.,  21,  1917.  The  following  paragraphs  are  taken  almost  ver¬ 
batim  from  Koch’s  article  in  which  we  have  the  first  correct  mathematical  analysis  of  the  femur  in  support  of  the 
theory  of  the  functional  form  of  bone  proposed  by  Wolff  and  also  by  Roux. 
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■'A.  (C&mprfritri  ve)  of  Tmbeculff.,±~A%  the  coin  pact;  bone  of  the  medial  unoer) 

.  e*rt *KA .*ho . sbaf  1  near*  the  he'acl  .of  the  feniur  it  gradually  b^Mne&  tintiiier  tioaU);  the 

of  the: head 'm  a  very  thin  la>ef.  1* »  a  po,iri t  at.  about.  the  lotver  .level  of  the 
'Ik***  lyorhantjp^.  2J  to  3  tnchfce  from  the  lower  tkmtW  the  articular  surface  of  the  head*  f&e*’ 
ir>b*^ulax  brjiru  h  off  from  the  sbj&ftin  smooth  curve*,  spread  in  g  radially  to  cross  fo  the  opposite 
tms  tveS]*vlcfined  groaps. :  a  lower,  or  et^ohditry  group,  and  an  upper,  Ot  principal  gVoaif&e 


F*id  2^)3.— *.Frot>taHong’itudiual  inidBectic/a  of  uiaJf’J  i^'inur, 

“a.  77i*  Secondary  ('crmpctuaivt  (rnwp.—Thw  group  of  the  ixincr  border  of  the 

dud t  begin cpng  nt  aboiU  the  fey  d  of  (K&hum^;  fur  of  almost  2  utehcv 

the  edmxig,  dh $Si,  with  which  the  separate  jjj&igle  -of  about  45  di*gr««. 

'flity  turre.mtvnmty'  and  upwardly. -.to  cross  in  radiating  smooth  mtfttik  to  the  opj^je  side. 
TW  lower  hlanu'pte  cwd  in  tfw?  region  of  (he  grai her  trOchaitlm the ’ m Ijaccn t  filaments  above 
these  pumic  a  itidre  rH^rfy  vertical  course  arid  end  in  the  neck  of  the  femur. 

The  r  r  pt  this  gjmup  mh?  thin  and  with  wide  spaces  between  them.  As  they  traverse 

the  spareybefweetf  the  tncdihl  and  lateral  surfaces  of  the bone*  they cross  ili  right  npgjes  the 
of  "urved  trabecula  which  arise  from  the  lateral  f  outer)  portion  of  t  he  shaft.  (Fig*.  and  255.) 
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“6.  The  Principal  Compressive  Group. — This  group  of  trabeculae  (Figs.  253  and  255)  springs 
from  the  medial  portion  of  the  shaft  just  above  the  group  above-described,  and  spreads  upward 
and  in  slightly  radial  smooth  curved  lines  to  reach  the  upper  portion  of  the  articular  surface  of 
the  head  of  the  femur.  These  trabecula?  are  placed  very  closely  together  and  are  the  thickest  ones 
seen  in  the  upper  femur.  They  are  a  prolongation  of  the  shaft  from  which  they  spring  in  straight 
lines  which  gradually  curve  to  meet  at  right-angles  the  articular  surface.  There  is  no  change  as 
they  cross  the  epiphyseal  line.  They  also  intersect  at  right-angles  the  system  of  lines  which  rise 
from  the  lateral  side  of  the  femur. 

“This  system  of  principal  and  secondary  compressive  trabeculae  corresponds  in  position  and  in 
curvature  with  the  lines  of  maximum  compressive  stress,  which  were  traced  out  in  the  mathematical 
analysis  of  this  portion  of  the  femur.  (Figs.  253  and  256.) 


load 


Fig  2")4. — Diagram  of  the  linea  of  stress  in  the  upper  femur,  based  upon  the  mathematical  analysis  of  the  right 
femur  These  result  from  the  combination  of  the  different  kinds  of  stresses  at  each  point  in  the  femur.  (After 
Koch  J 

i( B.  Lateral  ( Tensile )  System  of  Trabecula— A&  the  compact  bone  of  the  outer  portion  of  the 
shaft  approaches  the  greater  trochanter  it  gradually  decreases  in  thickness.  Beginning  at  a  point 
about  1  inch  below  the  level  of  the  lower  border  of  the  greater  trochanter,  numerous  thin  trabeculae 
are  given  off  from  the  outer  portion  of  the  shaft.  These  trabecula?  lie  in  three  distinct  groups. 

“c.  The  Greater  T rochanter  Group. — These  trabeculae  rise  from  the  outer  part  of  the  shaft  just 
below  the  greater  trochanter  and  rise  in  thin,  curving  lines  to  cross  the  region  of  the  greater 
trochanter  and  end  in  its  upper  surface.  Some  of  these  filaments  are  poorly  defined.  This  group 
intersects  the  trabecula?  of  group  (a)  which  rise  from  the  opposite  side.  The  trabeculae  of  this 
group  evidently  carry  small  stresses,  as  is  shown  by  their  slenderness. 

“d.  The  Principal  Tensile  Group. — This  group  springs  from  the  outer  part  of  the  shaft  imme¬ 
diately  below  group  c,  and  curves  convexly  upward  and  inward  in  nearly  parallel  lines  across  the 
neck  of  the  femur  and  ends  in  the  inferior  portion  of  the  head.  These  trabecula'  are  somewhat 
thinner  and  more  w  idely  spaced  than  those  of  the  principal  compressive  group  (6).  All  the  trabec¬ 
ula?  of  this  group  cross  those  of  groups  (a)  and  (b)  at  right  angles.  This  group  is  the  most  impor¬ 
tant  of  the  lateral  system  (tensile)  and,  as  will  be  shown  later,  the  greatest  tensile  stresses  of  the 
upper  femur  are  carried  by  the  trabeculae  of  this  group. 
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“ e .  The  Secondary  Tensile  Group. — This  group  consists  of  the  trabecula;  which  spring  from  the 
outer  side  of  the  shaft  and  lie  below  those  of  the  preceding  group.  They  curve  upward  and  medially 
across  the  axis  of  the  femur  and  end  more  or  less  irregularly  after  crossing  the  midline,  but  a 
number  of  these  filaments  end  in  the  medial  portion  of  the  shaft  and  neck.  They  cross  at  right 
angles  the  trabeculae  of  group  (a). 

“In  general,  the  trabe  ul®  of  the  tensile  system  are  lighter  in  structure  than  those  of  the  com¬ 
pressive  system  in  corresponding  positions.  The  significance  of  the  difference  in  thickness  of  these 
two  systems  is  that  the  thickness  of  the  trabeculae  varies  with  the  intensity  of  the  stresses  at  any 
given  point.  Comparison  of  Fig.  253  with  Fig.  257  will  show  that  the  trabeculae  of  the  com¬ 
pressive  system  carry  heavier  stresses  than  those  of  the  tensile  system  in  corresponding  positions. 
For  example,  the  maximum  tensile  stress  at  section  8  (Fig.  257)  in  th  outermost  fiber  is  771 
pounds  per  square  inch,  and  at  the  corresponding  point  on  the  compressive  side  the  compressive 
stress  is  954  pounds  per  square  inch.  Similar  comparisons  may  be  made  at  other  points,  which 
confirm  the  conclusion  that  the  thickness  and  closeness  of  spacing  of  the  trabeculae  varies  in 
proportion  to  the  intensity  of  the  stresses  carried  by  them. 


Fig.  257. — Intensity  of  the  maximum  tensile  and  compressive  stresses  in  the  upper  femur.  Computed  for  the  load  of 
100  pounds  on  the  right  femur.  Corresponds  to  the  upper  part  of  Fig.  256.  (After  Koch.) 

“It  will  be  seen  that  the  trabecula;  lie  exactly  in  the  paths  of  the  maximum  tensile  and  com¬ 
pressive  stresses  (compare  Figs.  253,  254  and  257),  and  hence  these  trabeculae  carry  these  stresses 
in  the  most  economical  manner.  This  is  in  accordance  with  the  well-recognized  principle  of 
mechanics  that  the  most  direct  manner  of  transmitting  stress  is  in  the  direction  in  which  the  stress 
acts. 

“Fig.  255  shows  a  longitudinal  frontal  section  through  the  left  femur,  which  is  the  mate  of  the 
right  femur  on  which  the  mathematical  analysis  was  made.  In  this  midsection  the  system  of 
tensile  trabeculae,  which  rises  from  the  lateral  (outer)  part  of  the  shaft  and  crosses  over  the  central 
area  to  end  in  the  medial  portion  of  the  shaft,  neck  and  head,  is  clearly  shown.  This  figure  also 
show's  the  compressive  system  of  trabeculae  which  rises  on  the  medial  portion  of  the  shaft  and 
crosses  the  central  area  to  end  in  the  head,  neck  and  greater  trochanter.  By  comparing  the  posi¬ 
tion  of  these  two  systems  of  trabeculae  shown  in  Fig.  255  with  the  lines  of  maximum  and  minimum 
stresses  shown  in  Figs.  254  and  256  it  is  seen  that  the  tensile  system  of  trabeculae  corresponds 
exactly  with  the  position  of  the  lines  of  maximum  and  minimum  tensile  stresses  w'hich  were 
determined  by  mathematical  analysis.  In  a  similar  manner,  the  compressive  system  of  trabeculae 
in  Fig.  255  corresponds  exactly  wuth  the  lines  of  maximum  and  minimum  compressive  stresses 
computed  by  mathematical  analysis. 
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“The  amount  of  vertical  shear  varies  almost  uniformly  from  a  maximum  of  90  pounds  (90  per 
cent,  of  the  load  on  the  femur-head)  midway  between  sections  4  and  6,  to  a  minimum  of  — 5.7 
pounds  at  section  18”  (Fig.  257).  There  is  a  gradual  diminution  of  the  spongy  bone  from  section 
6  to  section  18  parallel  with  the  diminished  intensities  of  the  vertical  shear. 

1.  The  trabeculae  of  the  upper  femur,  as  shown  in  frontal  sections,  are  arranged  in  two  general 
systems,  compressive  and  tensile,  which  correspond  in  position  with  the  lines  of  maximum  and 
minimum  stresses  in  the  femur  determined  by  the  mathematical  analysis  of  the  femur  as  a  mechan¬ 
ical  structure. 

2.  The  thickness  and  spacing  of  the  trabeculae  vary  with  the  intensity  of  the  maximum  stresses 
at  various  points  in  the  upper  femur,  being  thickest  and  most  closely  spaced  in  the  regions  where 
the  greatest  stresses  occur. 

3.  The  amount  of  bony  material  in  the  spongy  bone  of  the  upper  femur  varies  in  proportion  to 
the  intensity  of  the  shearing  force  at  the  various  sections. 

4.  The  arrangement  of  the  trabeculse  in  the  positions  of  maximum  stresses  is  such  that  the 
greatest  strength  is  secured  with  a  minimum  of  material. 

Significance  of  the  Inner  Architecture  of  the  Shaft. — 1.  Economy  for  resisting  shear.  The  shearing 
stresses  are  at  a  minimum  in  the  shaft.  “It  is  clear  that  a  minimum  amount  of  material  will  be 
required  to  resist  the  shearing  stresses.”  As  horizontal  and  vertical  shearing  stresses  are  most 
efficiently  resisted  by  material  placed  near  the  neutral  plane,  in  this  region  a  minimum  amount 
of  material  will  be  needed  near  the  neutral  axis.  In  the  shaft  there  is  very  little  if  any  material 
in  the  central  space,  practically  the  only  material  near  the  neutral  plane  being  in  the  compact 
bone,  but  lying  at  a  distance  from  the  neutral  axis.  This  conforms  to  the  requirement  of  mechanics 
for  economy,  as  a  minimum  of  material  is  provided  for  resisting  shearing  stresses  where  these 
stresses  are  a  minimum. 

2.  Economy  for  resisting  bending  moment.  “The  bending  moment  increases  from  a  minimum 
»t  section  4  to  a  maximum  between  sections  16  and  18,  then  gradually  decreases  almost  uniformly 
to  0  near  section  75.”  ‘‘To  resist  bending  moment  stresses  most  effectively  the  material  should 
be  as  far  from  the  neutral  axis  as  possible.”  It  is  evident  that  the  hollow  shaft  of  the  femur  is 
an  efficient  structure  for  resisting  bending  moment  stresses,  all  of  the  material  in  the  shaft  being 
relatively  at  a  considerable  distance  from  the  neutral  axis.  It  is  evident  that  the  hollow  shaft 
provides  efficiently  for  resisting  bending  moment  not  only  due  to  the  load  on  the  femur-head,  but 
from  any  other  loads  tending  to  produce  bending  in  other  planes. 

3.  Economy  for  resisting  axial  stress. 

The  inner  architecture  of  the  shaft  is  adapted  to  resist  in  the  most  efficient  manner  the  com¬ 
bined  action  of  the  minimal  shearing  forces  and  the  axial  and  maximum  bending  stresses. 

The  structure  of  the  shaft  is  such  as  to  secure  great  strength  with  a  relatively  small  amount  of 
material. 

The  Distal  Portion  of  the  Femur. — In  frontal  section  (Fig.  255)  in  the  distal  6  inches  of  the 
femur  "there  are  to  be  seen  two  main  systems  of  trabeculae,  a  longitudinal  and  a  transverse 
system.  The  trabeculae  of  the  former  rise  from  the  inner  wall  of  the  shaft  and  continue  in  per¬ 
fectly  straight  lines  parallel  to  the  axis  of  the  shaft  and  proceed  to  the  epiphyseal  line,  whence 
they  continue  in  more  or  less  curved  lines  to  meet  the  articular  surface  of  the  knee-joint  at  right 
angles  at  every  point.  Near  the  center  there  are  a  few  thin,  delicate,  longitudinal  trabeculae 
which  spring  from  the  longitudinal  trabeculae  just  described,  to  which  they  are  joined  by  fine 
transverse  filaments  that  lie  in  planes  parallel  to  the  sagittal  plane. 

“The  trabeculae  of  the  transverse  system  are  somewhat  lighter  in  structure  than  those  of  the 
longitudinal  system,  and  consist  of  numerous  trabeculae  at  right  angles  to  the  latter. 

“As  the  distal  end  of  the  femur  is  approached  the  shaft  gradually  becomes  thinner  until  the 
tfticular  surface  is  reached,  where  there  remains  only  a  thin  shell  of  compact  bone.  With  the 
gradual  thinning  of  the  compact  bone  of  the  shaft,  there  is  a  simultaneous  increase  in  the  amount 
of  the  spongy  bone,  and  a  gradual  flaring  of  the  femur  which  gives  this  portion  of  the  bone  a 
gradually  increasing  gross  area  of  cross-section. 

“There  is  a  marked  thickening  of  the  shell  of  bone  in  the  region  of  the  intercondyloid  fossa 
where  the  anterior  and  posterior  crucial  ligaments  are  attached.  This  thickened  area  is  about 
04  inch  in  diameter  and  consists  of  compact  bone  from  which  a  number  of  thick  trabeculae 
pa®  at  right  angles  to  the  main  longitudinal  system.  The  inner  structure  of  the  bone  is 
here  evidently  adapted  to  the  efficient  distribution  of  the  stresses  arising  from  this  ligamentary 
attachment. 

“Near  the  distal  end  of  the  femur  the  longitudinal  trabeculae  gradually  assume  curved  paths 
and  end  perpendicularly  to  the  articular  surface  at  every  point.  Such  a  structure  is  in  accord¬ 
ance  with  the  principles  of  mechanics,  as  stresses  can  be  communicated  through  a  frictionless 
joint  only  in  a  direction  perpendicular  to  the  joint  surface  at  every  point. 

’With  practically  no  increase  in  the  amount  of  bony  material  used  there  is  a  greatly  increased 
atabflity  produced  by  the  expansion  of  the  lower  femur  from  a  hollow  shaft  of  compact  bone  to  a 
structure  of  much  larger  cross-section  almost  entirely  composed  of  spongy  bone. 

“ Significance  of  the  Inner  Architecture  of  the  Distal  Part  of  the  Femur. — The  function  of  the 
lower  end  of  the  femur  is  to  transmit  through  a  hinged  joint  the  loads  carried  by  the  femur.  For 
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stability  the  width  of  the  bearing  on  which  the 
hinge  action  occurs  should  be  relativel y  large. 
For  economy  of  material  the  expansion  of  the  end 
bearing  should  be  as  lightly  constructed  as  is 
consistent  with  proper  strength.  In  accordance 

with  the  principles  of  mechanics . . 

the  most  efficient  manner  in  which  stresses  are 
transmitted  is  by  the  arrangement  of  the  resist¬ 
ing  material  in  lines  parallel  to  the  direction  in 
which  the  stresses  occur  and  in  the  paths  taken 
by  the  stresses.  Theoretically  the  most  efficient 
manner  to  attain  these  objects  would  be  t  o  pro¬ 
long  the  innermost  filaments  of  the  bone  as 
straight  lines  parallel  to  the  longitudinal  axis  of 
the  bone,  and  gradually  to  flare  the  outer  shell 
of  compact  bone  outward,  and  continuing  to  give 
off  filaments  of  bone  parallel  to  the  longitudinal 
axis  as  the  distal  end  of  the  femur  is  approached. 
These  filaments  should  l>e  well-braced  trans¬ 
versely  and  each  should  carry  its  proportionate 
part  of  the  total  load,  parallel  to  the  longi¬ 
tudinal  axis,  transmitting  it  eventually  to  the 
articular  surface,  and  in  a  direction  perpendic¬ 
ular  to  that  surface.” 

Referring  to  Fig.  255,  it  is  seen  that  the  large 
expansion  of  the  bone  is  produced  by  the  gradual 
transition  of  the  hollow  shaft  of  compact  bone 
to  cancellated  bone,  resulting  in  the  production 
of  a  much  larger  volume.  The  trabecula?  are 
given  off  from  the  shaft  in  lines  parallel  to  the 
longitudinal  axis,  and  are  braced  transversely 


Fia.  259. — Epiphysial  lines  of  femur  in  a  young 
adult.  Anterior  aspect.  The  lines  of  attachment  of 
the  articular  capsules  are  in  blue. 


Fig.  200. — Epiphysial  lines  of  femur  in  a  young  adult. 
Posterior  aspect.  The  lines  of  attachment  of  the  articular 
capsules  are  in  blue. 
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Ossification. — The  patella  is  ossified  from  a  single  center,  which  usually  makes  its  appearance 
in  the  second  or  third  year,  but  may  be  delayed  until  the  sixth  year.  More  rarely,  the  bone  is 
developed  by  two  centers,  placed  side  by  side.  Ossification  is  completed  about  the  age  of  puberty. 

Articulation. — The  patella  articulates  with  the  femur. 

The  Tibia  (Shin  Bone). 

The  tibia  (Figs.  264,  265)  is  situated  at  the  medial  side  of  the  leg,  and, 
excepting  the  femur,  is  the  longest  hone  of  the  skeleton.  It  is  prismoid  in  form, 
expanded  above,  where  it  enters  into  the  knee-joint,  contracted  in  the  lower  third, 
and  again  enlarged  but  to  a  lesser  extent  below.  In  the  male,  its  direction  is  vertical, 
and  parallel  with  the  bone  of  the  opposite  side;  but  in  the  female  it  has  a  slightly 
oblique  direction  downward  and  lateral  ward,  to  compensate  for  the  greater  obliquity 
of  the  femur.  It  has  a  body  and  two  extremities. 

The  Upper  Extremity  ( proximal  extremity-.)—  The  upper  extremity  is  large,  and 
expanded  into  two  eminences,  the  medial  and  lateral  condyles.  The  superior  articular 
surface  presents  two  smooth  articular  facets  (Fig.  2 63).  The  medial  facet,  oval  in 
shape,  is  slightly  concave  from  side  to  side,  and  from  before  backward.  The  lateral. 


nearly  circular,  is  concave  from  side  to  side,  but  slightly  convex  from  before  back¬ 
ward,  especially  at  its  posterior  part,  where  it  is  prolonged  on  to  the  posterior  sur¬ 
face  for  a  short  distance.  The  central  portions  of  these  facets  articulate  with  the 
condyles  of  the  femur,  while  their  peripheral  portions  support  the  menisci  of  the 
knee-joint,  which  here  intervene  between  the  two  bones.  Between  the  artic¬ 
ular  facets,  but  nearer  the  posterior  than  the  anterior  aspect  of  the  bone,  is  the 
intercondyloid  eminence  (spine  of  tibia) ,  surmounted  on  either  side  by  a  prominent 
tubercle,  on  to  the  sides  of  which  the  articular  facets  are  prolonged;  in  front  of 
and  behind  the  intercondyloid  eminence  are  rough  depressions  for  the  attachment 
of  the  anterior  and  posterior  cruciate  ligaments  and  the  menisci.  The  anterior 
surfaces  of  the  condyles  are  continuous  with  one  another,  forming  a  large  somewhat 
flattened  area;  this  area  is  triangular,  broad  above,  and  perforated  by  large  vascular 
foramina;  narrow  below  where  it  ends  in  a  large  oblong  elevation,  the  tuberosity  of 
the  tibia,  which  gives  attachment  to  the  ligamentum  patelhe;  a  bursa  intervenes 
between  the  deep  surface  of  the  ligament  and  the  part  of  the  bone  immediately 
above  the  tuberosity.  Posteriorly ,  the  condyles  are  separated  from  each  other  by 
a  shallow  depression,  the  posterior  intercondyloid  fossa,  which  gives  attachment  to 
part  of  the  posterior  cruciate  ligament  of  the  knee-joint.  The  medial  condyle 
presents  posteriorly  a  deep  transverse  groove,  for  the  insertion  of  the  tendon  of 
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the  Semimembranosus.  I  ts  medial 
surface  is  convex,  rough,  and  promi¬ 
nent;  it  gives  attachment  to  the 
tibia!  collateral  ligament.  The  lat¬ 
eral  condyle  presents  posteriorly  a 
flat  articular  facet,  nearly  circular 
in  form,  directed  downward,  back-  styloid  process 
ward,  and  lateral  ward,  for  articu¬ 
lation  with  the  head  of  the  fibula 
Its  lateral 


Articular  capsule 


rj  romlMle 


Fibular 

collateral 

ligament 


is  convex,  rough, 
and  prominent  in  front:  on  it  is 
an  eminence,  situated  on  a  level 
with  the  upper  border  of  the  tuber¬ 
osity  anti  at  the  junction  of  its 
anterior  and  lateral  surfaces,  for 
the  attachment  of  the  iliotibial 
band.  Just  below  this  a  part  of 
the  Extensor  digitorum  longus 
takes  origin  and  a  slip  from  the 
tendon  of  the  Bireps  fetnoris  is 
inserted. 

The  Body  or  Shaft  {corpus  tibia*). 
-The  body  has  three*  borders  and 
three  surfaces. 

Borders.— The  anterior  crest  or 
border,  the  most  prominent  of  the 
three,  commences  above  at  the 
tuberosity,  and  ends  below  at  the 
anterior  margin  of  the  medial 
malleolus.  It  is  sinuous  and 
prominent  in  the  upper  two-thirds 
of  its  extent,  but  smooth  and 
rounded  below;  it  gives  attach¬ 
ment  to  the  deep  fascia  of  the  leg. 

The  medial  border  is  smooth  and 
rounded  above  and  below,  but 
more  prominent  in  the  center;  it 
begins  at  the  back  part  of  the 
medial  condyle,  and  ends  at  the 
posterior  border  of  the  medial 
malleolus;  its  upper  part  gives 
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Kkj.  -J04 — Booes  of  the  right  lt*g  Anterior  surface. 
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bifurcates  below,  to  form  the  boundaries  of  a  triangular  rough  surface,  for  the 
attachment  of  the  interosseous  ligament  connecting  the  tibia  and  fibula. 

Surfaces. — The  medial  surface 
is  smooth,  convex,  and  broader 
above  than  below;  its  upper 
third,  directed  forward  and 
mediahvard,  is  covered  by  the 
aponeurosis  derived  from  the 
tendon  of  the  Sartorius*  and  by 
the  tendons  of  the  Gracilis  and 
Semitendinosus,  all  of  which 
are  inserted  nearly  as  far  for¬ 
ward  as  the  anterior  crest;  in 
the  rest  of  its  extent  it  is  sub¬ 
cutaneous. 

The  lateral  surface  is  narrower 
than  the  medial;  its  upper  two- 
thirds  present  a  shallow  groove 
for  the  origin  of  the  Tibialis 
anterior;  its  lower  third  is 
smooth 


mih  f*£Hr 


Articular 

capsule 

Stytoid 

process 


Articular 
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convex,  curves  grad¬ 
ually  forward  to  the  anterior 
aspect  of  the  bone,  and  is 
covered  by  the  tendons  of  the 
Tibialis  anterior,  Extensor  hal- 
lucis  longus,  and  Extensor  digi- 
torum  longus.  arranged  in  this 
order  from  the  medial  side. 

The  posterior  surface  (Fig.  205 ) 
presents,  at  its  upper  part,  a 
prominent  ridge,  the  popliteal 
line,  which  extends  obliquely 
downward  from  the  back  part  of 
the  articular  facet  for  the  fibula 
to  the  medial  border,  at  the 
junction  of  its  upper  and  middle 
thirds;  it  marks  the  lower  limit 
of  the  insertion  of  the  Fopliteus, 
serves  for  the  attachment  of  the 
fascia  covering  this  muscle,  and 
gives  origin  to  part  of  the 
Sulcus,  Flexor  digitorum  longus, 
and  Tibialis  posterior.  The 
triangular  area,  above  this  line*, 
gives  insertion  to  the  Fopliteus. 
The  middle  third  of  the  poste¬ 
rior  surface  is  divided  by  a  ver¬ 
tical  ridge  into  two  parts;  the 
ridge  begins  at  the  popliteal  line 
and  is  well-marked  above,  but 
indistinct  below;  the  medial  and 
broader  portion  gives  origin  to 
the  Flexor  digitorum  longus, 
the  lateral  and  narrower  to  part 
of  the  Tibialis  posterior.  The 


Articulates  with  talus 


Articular  capsule 

Fki  Bo&es  of  the  right  leg.  Posterior  surface. 
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remaining  part  of  the  posterior  surface  is  smooth  and  covered  by  the  Tibialis 
posterior,  Flexor  digitorum  longus,  and  Flexor  hallucis  longus.  Immediately  below 
the  popliteal  line  is  the  nutrient  foramen,  which  is  large  and  directed  obliquely 
downward. 

The  Lower  Extremity  {distal  extremity). — The  lower  extremity,  much  smaller 
thin  the  upper,  presents  five  surfaces;  it  is  prolonged  downward  on  its  medial 
side  as  a  strong  process,  the  medial  malleolus. 

Surfaces. — The  inferior  articular  surface  is  quadrilateral,  and  smooth  for  articu¬ 
lation  with  the  talus.  It  is  concave  from  before  backward,  broader  in  front  than 
behind,  and  traversed  from  before  backward  by  a  slight  elevation,  separating 
two  depressions.  It  is  continuous  with  that  on  the  medial  malleolus. 


Upper  extremity 


Lower  extremity 


tic.  y>h. — Plan  of  ossification  of  the  tibia.  From  three 
centers. 


The  anterior  surface  of  the  lower  extremity  is  smooth  and  rounded  above,  and 
covered  by  the  tendons  of  the  Extensor  muscles;  its  lower  margin  presents  a  rough 
transverse  depression  for  the  attachment  of  the  articular  capsule  of  the  ankle- 
joint. 

The  posterior  surface  is  traversed  by  a  shallow  groove  directed  obliquely  down¬ 
ward  and  medial  ward,  continuous  with  a  similar  groove  on  the  posterior  surface 
of  the  talus  and  serving  for  the  passage  of  the  tendon  of  the  Flexor  hallucis  longus. 

The  lateral  surface  presents  a  triangular  rough  depression  for  the  attachment 
of  the  inferior  interosseous  ligament  connecting  it  with  the  fibula;  the  lower  part 
of  this  depression  is  smooth,  covered  with  cartilage  in  the  fresh  state,  and  articu¬ 
lates  with  the  fibula.  The  surface  is  bounded  by  twro  prominent  borders,  con¬ 
tinuous  above  with  the  interosseous  crest;  they  afford  attachment  to  the  anterior 
and  posterior  ligaments  of  the  lateral  malleolus. 

The  medial  surface  is  prolonged  downward  to  form  a  strong  pyramidal  process, 
flattened  from  without  inward — the  medial  malleolus.  The  medial  surface  of  this 
Process  is  convex  and  subcutaneous;  its  lateral  or  articular  surface  is  smooth  and 
slightly  concave,  and  articulates  with  the  talus;  its  anterior  border  is  rough,  for 
the  attachment  of  the  anterior  fibers  of  the  deltoid  ligament  of  the  ankle-joint; 
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its  posterior  border  presents  a  broad  groove,  the  malleolar  sulcus,  directed  obliquely 
downward  and  medialward,  and  occasionally  double;  this  sulcus  lodges  the  tendons 
of  the  Tibialis  posterior  and  Flexor  digitorum  longus.  The  summit  of  the  medial 
malleolus  is  marked  by  a  rough  depression  behind,  for  the  attachment  of  the 
deltoid  ligament. 

Structure. — The  structure  of  the  tibia  is  like  that  of  the  other  long  bones.  The  compact  wall 
of  the  body  is  thickest  at  the  junction  of  the  middle  and  lower  thirds  of  the  bone. 

Ossification. — The  tibia  is  ossified  from  three  centers  (Figs.  266,  267) :  one  for  the  body  and 
one  for  either  extremity.  Ossification  begins  in  the  center  of  the  body,  about  the  seventh  .week 
of  fetal  life,  and  gradually  extends  toward  the  extremities.  The  center  for  the  upper  epiphysis 
appears  before  or  shortly  after  birth;  it  is  flattened  in  form,  and  has  a  thin  tongue-shaped  process 
in  front,  which  forms  the  tuberosity  (Fig.  260) ;  that  for  the  lower  epiphysis  appears  in  the  second 
year.  The  lower  epiphysis  joins  the  body  at  about  the  eighteenth,  and  the  upper  one  joins  about 
the  twentieth  year.  Two  additional  centers  occasionally  exist,  one  for  the  tongue-shaped  process 
of  the  upper  epiphysis,  which  forms  the  tuberosity,  and  one  for  the  medial  malleolus. 

The  Fibula  (Calf  Bone). 

The  fibula  (Figs.  264,  265)  is  placed  on  the  lateral  side  of  the  tibia,  with  which 
it  is  connected  above  and  below.  It  is  the  smaller  of  the  two  bones,  and,  in 
proportion  to  its  length,  the  most  slender  of  all  the  long  bones.  Its  upper 
extremity  is  small,  placed  toward  the  back  of  the  head  of  the  tibia,  below  the  level 
of  the  knee-joint,  and  excluded  from  the  formation  of  this  joint.  Its  lower  extremity 
inclines  a  little  forward,  so  as  to  be  on  a  plane  anterior  to  that  of  the  upper  end; 
it  projects  below  the  tibia,  and  forms  the  lateral  part  of  the  ankle-joint.  The 
bone  has  a  body  and  two  extremities. 

The  Upper  Extremity  or  Head  ( capitulum  fibulae;  proximal  extremity). — The 
upper  extremity  is  of  an  irregular  quadrate  form,  presenting  above  a  flattened 
articular  surface,  directed  upward,  forward,  and  medialward,  for  articulation  with 
a  corresponding  surface  on  the  lateral  condyle  of  the  tibia.  On  the  lateral  side 
is  a  thick  and  rough  prominence  continued  behind  into  a  pointed  eminence,  the 
apex  {styloid  process ),  which  projects  upward  from  the  posterior  part  of  the  head. 
The  prominence,  at  its  upper  and  lateral  part,  gives  attachment  to  the  tendon  of 
the  Biceps  femoris  and  to  the  fibular  collateral  ligament  of  the  knee-joint,  the  liga¬ 
ment  dividing  the  tendon  into  two  parts.  The  remaining  part  of  the  circumference 
of  the  head  is  rough,  for  the  attachment  of  muscles  and  ligaments.  It  presents  in 
front  a  tubercle  for  the  origin  of  the  upper  and  anterior  fibers  of  the  Peronceus 
longus,  and  a  surface  for  the  attachment  of  the  anterior  ligament  of  the  head; 
and  behind,  another  tubercle,  for  the  attachment  of  the  posterior  ligament  of  the 
head  and  the  origin  of  the  upper  fibers  of  the  Soleus. 

The  Body  or  Shaft  {corpus  fibulee). — The  body  presents  four  borders — the 
antero-lateral,  the  antero-medial,  the  postero-lateral,  and  the  postero-medial ;  and 
four  surfaces — anterior,  posterior,  medial,  and  lateral. 

Borders. — The  antero-lateral  border  begins  above  in  front  of  the  head,  runs  ver¬ 
tically  downward  to  a  little  below  the  middle  of  the  bone,  and  then  curving  some¬ 
what  lateralward,  bifurcates  so  as  to  embrace  a  triangular  subcutaneous  surface 
immediately  above  the  lateral  malleolus.  This  border  gives  attachment  to  an 
intermuscular  septum,  which  separates  the  Extensor  muscles  on  the  anterior 
surface  of  the  leg  from  the  Peronad  longus  and  brevis  on  the  lateral  surface. 

The  antero-medial  border,  or  interosseous  crest,  is  situated  close  to  the  medial 
side  of  the  preceding,  and  runs  nearly  parallel  with  it  in  the  upper  third  of  its 
extent,  but  diverges  from  it  in  the  lower  two-thirds.  It  begins  above  just  beneath 
the  head  of  the  bone  (sometimes  it  is  quite  indistinct  for  about  2.5  cm.  below  the 
head),  and  ends  at  the  apex  of  a  rough  triangular  surface  immediately  above  the 
articular  facet  of  the  lateral  malleolus.  It  serves  for  the  attachment  of  the  inter¬ 
osseous  membrane,  which  separates  the  Extensor  muscles  in  front  from  the  Flexor 
muscles  behind. 
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The  postero-lateral  border  is  prominent;  it  begins  above  at  the  apex,  and  ends 
below  in  the  posterior  border  of  the  lateral  malleolus.  It  is  directed  lateralward 
above,  backward  in  the  middle  of  its  course,  backward,  and  a  little  medialward 
below,  and  gives  attachment  to  an  aponeurosis  which  separates  the  Peronaei  on 
the  lateral  surface  from  the  Flexor  muscles  on  the  posterior  surface. 


Fig.  268. — A  transverse  section  through  the  right  tibia  and  fibula,  showing  the  attachment  of  the  crural  interosseous 

membrane. 


The  postero-medi&l  border,  sometimes  called  the  oblique  line,  begins  above  at  the 
medial  side  of  the  head,  and  ends  by  becoming  continuous  with  the  interosseous 
crest  at  the  lower  fourth  of  the  bone.  It  is  well-marked  and  prominent  at  the  upper 
and  middle  parts  of  the  bone.  It  gives  attachment  to  an  aponeurosis  which  sep¬ 
arates  the  Tibialis  posterior  from  the  Soleus  and  Flexor  hallucis  longus. 


Upper  extremity 


Fio.  270. — Plan  of  ossification  of  the 
fibula.  From  three  centers. 


Surfaces. — The  anterior  surface  is  the  interval  between  the  anterodateral  and 
antero-medial  borders.  It  is  extremely  narrow  and  flat  in  the  upper  third  of  its 
extent;  broader  and  grooved  longitudinally  in  its  lower  third;  it  serves  for  the 
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origin  of  three  muscles;  the  Extensor  digitorum  longus,  Extensor  hallueis  longus, 
and  Peromvus  tertius. 

The  posterior  surface  is  the  space  included  between  the  postero-lateral  and  the 
posteromedial  borders;  it  is  continuous  below  with  the  triangular  area  above 
the  articular  surface  of  the  lateral  malleolus;  it  is  directed  backward  above,  back¬ 
ward  and  medialward  at  its  middle,  directly  medialward  below.  Its  upper  third 
is  rough,  for  the  origin  of  the  Soleus;  its  lower  part  presents  a  triangular  surface, 
connected  to  the  tibia  by  a  strong  interosseous  ligament;  the  intervening  part  of 
the  surface  is  covered  by  the  fibers  of  origin  of  the  Flexor  hallueis  longus.  Near 
the  middle  of  this  surface  is  the  nutrient  foramen,  which  is  directed  downward. 

The  medial  surface  is  the  interval  included  between  the  antero-medial  and  the 
postero-medial  borders.  It  is  grooved  for  the  origin  of  the  Tibialis  posterior. 

The  lateral  surface  is  the  space  between  the  antero-lateral  and  postero-lateral 
borders.  It  is  broad,  and  often  deeply  grooved;  it  is  directed  lateralward  in  the 
upper  two-thirds  of  its  course,  backward  in  the  lower  third,  where  it  is  continuous 
with  the  posterior  border  of  the  lateral  malleolus.  This  surface  gives  origin  to 
the  Peromei  longus  and  brevis. 
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Fig  271  — Loft  calcaneus,  superior  surface. 


The  Lower  Extremity  or  Lateral  Malleolus  ( malleolus  lateralis ;  distal  extremity ; 
external  malleolus).—  The  lower  extremity  is  of  a  pyramidal  form,  and  somewhat 
flattened  from  side  to  side;  it  descends  to  a  lower  level  than  the  medial  malleolus. 
The  lateral  surface  is  convex,  subcutaneous,  and  continuous  with  the  triangular, 
subcutaneous  surface  on  the  lateral  side  of  the  body.  The  medial  surface  (Fig. 
269)  presents  in  front  a  smooth  triangular  surface,  convex  from  above  downward, 
which  articulates  with  a  corresponding  surface  on  the  lateral  side  of  the  talus. 
Behind  and  beneath  the  articular  surface  is  a  rough  depression,  which  gives  attach¬ 
ment  to  the  posterior  talofibular  ligament.  The  anterior  border  is  thick  and  rough, 
and  marked  below  by  a  depression  for  the  attachment  of  the  anterior  talofibular 
ligament.  The  posterior  border  is  broad  and  presents  the  shallow  malleolar  sulcus. 
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for  the  passage  of  the  tendons  of  the  Peronsei  longus  and  brevis.  The  summit 
is  rounded,  and  give  attachment  to  the  calcaneofibular  ligament. 

Ossification. — The  fibula  is  ossified  from  three  centers  (Fig.  270):  one  for  the  body,  and  one 
for  either  end.  Ossification  begins  in  the  body  about  the  eighth  week  of  fetal  life,  and  extends 
toward  the  extremities.  At  birth  the  ends  are  cartilaginous.  Ossification  commences  in  the 
fewer  end  in  the  second  year,  and  in  the  upper  about  the  fourth  year.  The  lower  epiphysis, 
the  first  to  ossify,  unites  with  the  body  about  the  twentieth  year;  the  upper  epiphysis  joins 
about  the  twenty -fifth  year. 
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THE  FOOT. 

The  skeleton  of  the  foot  (Figs.  275  and  276)  consists  of  three  parts:  the  tarsus, 
metatarsus,  and  phalanges. 

The  Tarsus  (Ossa  Tarsi). 

The  tarsal  bones  are  seven  in  number,  viz.,  the  calcaneus,  talus,  cuboid,  navicular, 
and  the  first,  second,  and  third  cuneiforms. 

The  Calcaneus  ( os  calcis )  (Figs.  271  to  274).— The  calcaneus  is  the  largest  of  the 
tarsal  bones.  It  is  situated  at  the  lower  and  back  part  of  the  foot,  serving  to 
transmit  the  weight  of  the  body  to  the  ground,  and  forming  a  strong  lever  for 
the  muscles  of  the  calf.  It  is  irregularly  cuboidal  in  form,  having  its  long  axis 
directed  forward  and  lateralward ;  it  presents  for  examination  six  surfaces. 
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Surfaces. — The  superior  surface  extends  behind  on  to  that  part  of  the  bone  which 
projects  backward  to  form  the  heel.  This  varies  in  length  in  different  individuals, 
is  convex  from  side  to  side,  concave  from  before  backward,  and  supports  a  mass  of 
fat  placed  in  front  of  the  tendo  calcaneus.  In  front  of  this  area  is  a  large  usually 
somewThat  oval-shaped  facet,  the  posterior  articular  surface,  which  looks  upward 
and  forward;  it  is  convex  from  behind  forward,  and  articulates  with  the  posterior 
calcaneal  facet  on  the  under  surface  of  the  talus.  It  is  bounded  anteriorly  by  a 
deep  depression  which  is  continued  backward  and  medialward  in  the  form  of  a 
groove,  the  calcaneal  sulcus.  In  the  articulated  foot  this  sulcus  lies  below  a  similar 
one  on  the  under  surface  of  the  talus,  and  the  two  form  a  canal  (sinus  tarsi)  for  the 
lodgement  of  the  interosseous  talocalcaneal  ligament.  In  front  and  to  the  medial 
side  of  this  groove  is  an  elongated  facet,  concave  from  behind  forward, .and  with  its 
long  axis  directed  forward  and  lateralward.  This  facet  is  frequently  divided  into 
two  by  a  notch :  of  the  two,  the  posterior,  and  larger  is  termed  the  middle  articular 
surface;  it  is  supported  on  a  projecting  process  of  bone,  the  sustentaculum  tali, 
and  articulates  with  the  middle  calcaneal  facet  on  the  under  surface  of  the  talus; 
the  anterior  articular  surface  is  placed  on  the  anterior  part  of  the  body,  and  articu¬ 
lates  with  the  anterior  calcaneal  facet  on  the  talus.  The  upper  surface,  anterior 
and  lateral  to  the  facets,  is  rough  for  the  attachment  of  ligaments  and  for  the  origin 
of  the  Extensor  digitorum  brevis. 

The  inferior  or  plantar  surface  is  uneven,  wider  behind  than  in  front,  and  convex 
from  side  to  side;  it  is  bounded  posteriorly  by  a  transverse  elevation,  the  calcaneal 
tuberosity,  which  is  depressed  in  the  middle  and. prolonged  at  either  end  into  a 
process;  the  lateral  process,  small,  prominent,  and  rounded,  gives  origin  to  part 
of  the  Abductor  digiti  quinti;  the  medial  process,  broader  and  larger,  gives  attach¬ 
ment,  by  its  prominent  medial  margin,  to  the  Abductor  hallucis,  and  in  front 
to  the  Flexor  digitorum  brevis  and  the  plantar  aponeurosis;  the  depression  between 
the  processes  gives  origin  to  the  Abductor  digiti  quinti.  The  rough  surface  in 
front  of  the  processes  gives  attachment  to  the  long  plantar  ligament,  and  to  the 
lateral  head  of  the  Quadratus  plantae;  while  to  a  prominent  tubercle  nearer  the 
anterior  part  of  this  surface,  as  w^ell  as  to  a  transverse  groove  in  front  of  the  tubercle, 
is  attached  the  plantar  calcaneocuboid  ligament. 

The  lateral  surface  is  broad  behind  and  narrow  in  front,  flat  and  almost  sub¬ 
cutaneous;  near  its  center  is  a  tubercle,  for  the  attachment  of  the  calcaneofibular 
ligament.  At  its  upper  and  anterior  part,  this  surface  gives  attachment  to  the 
lateral  talocalcaneal  ligament;  and  in  front  of  the  tubercle  it  presents  a  narrow 
surface  marked  by  two  oblique  grooves.  The  grooves  are  separated  by  an  elevated 
ridge,  or  tubercle,  the  trochlear  process  ( peroneal  tubercle ),  which  varies  much  in 
size  in  different  bones.  The  superior  groove  transmits  the  tendon  of  the  Peromeus 
brevis;  the  inferior  groove,  that  of  the  Peronteus  longus. 

The  medial  surface  is  deeply  concave;  it  is  directed  obliquely  downward  and 
forward,  and  serves  for  the  transmission  of  the  plantar  vessels  and  nerves  into  the 
sole  of  the  foot;  it  affords  origin  to  part  of  the  Quadratus  plantse.  At  its  upper 
and  forepart  is  a  horizontal  eminence,  the  sustentaculum  tali,  w  hich  gives  attach¬ 
ment  to  a  slip  of  the  tendon  of  the  Tibialis  posterior.  This  eminence  is  concave 
above,  and  articulates  with  the  middle  calcaneal  articular  surface  of  the  talus; 
below  ,  it  is  grooved  for  the  tendon  of  the  Flexor  hallucis  longus;  its  anterior  margin 
gives  attachment  to  the  plantar  calcaneonavicular  ligament,  and  its  medial, 
to  a  part  of  the  deltoid  ligament  of  the  ankle-joint. 

The  anterior  or  cuboid  articular  surface  is  of  a  somewhat  triangular  form.  It  is 
concave  from  above  downward  and  lateralward,  and  convex  in  a  direction  at  right 
angles  to  this.  Its  medial  border  gives  attachment  to  the  plantar  calcaneonavicular 
ligament. 

The  posterior  surface  is  prominent,  convex,  w  ider  below  than  above,  and  divisible 
into  three  areas.  The  lowrest  of  these  is  rough,  and  covered  by  the  fatty  and  fibrous 
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tissue  of  the  heel;  the  middle,  also  rough,  gives  insertion  to  the  tendo  calcaneus 
and  Plantaris.;  while  the  highest  is  smooth,  and  is  covered  bv  a  bursa  which  inter¬ 
venes  between  it  and  the  tendo  calcaneus. 

Articulation**. 


The  calcaneus  articulates  with  two  bones:  the  talus  and  cuboid. 


For  Hit d ini  ynaUeolu* 
Hr, id 

Seek  I 


I  AffldW  tubercle 
I  Solctts  /or  Ft' car  haUuci i  lonpus 

I  Ttothlcn  fur  I i tnn 
iMir.fXv  tfj&nri'le 

Left  talus,  from  above.. 


For  lateral  rnwholw 
F>»r  inferior  i  liQamcrU 


For  r&intnr  colean e ov fl wrulo r  tignmmf 
For  ntmcvlar  (ton?. 

S  rdy  ru'r  vntpiiH tjl/  nTfientor  mr/ace 


Sulca*  tali 


^fx^icrtvr  calcaneal  articular 
surface 


i  Lateral  (uh'fcle 

tyidniM  far  F hirer  ItoUiuris  lonyus 
'iiiihifa  colon  neat  articular  wft&cc 

Via  L’7S  — Left  tulue.  from  below 


The  Talus  (astragal as;  article  bone)  (Figs.  277  to  280).— The  talus  is  the  second 
largest  of  the  tarsal  bones.  It  occupies  the  middle  and  upper  part  of  the  tarsus, 
supporting  the  tibia  above,  resting  upon  the  calcaneus  below,  articulating  on 
either  side  with  the  malleoli,  and  in  front  with  the  navicular.  It  consists  of  a 

body,  a  neck,  and  a  head. 
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The  Body  (mrftu? .  (nli) .--'The  superior  surface  of  the  body  presents,  behind,  a 
smooth  trochlear  surface,  the  trochlea,  for  articulation  with  the  tibia.  The  trochlea, 
is  broader  in  front  than  behind,  convex  from  before '  backward,  Eighth  onmnve 
from  side  to  side:  in  front  it  is  continuous  with  the  upper  surface  of  the  neck  of 
the  boric. 

The  inferior  surface  presents  two  articular  amis*  the  posterior  and  middle  cal¬ 
caneal  .surface  sepatated'vffrohii  one  another  by  a  deep  groove,  the  sulcUs  tali. 
The  groove  .rtuis  'obliquely,  forward  and  -fetmiJward,  becoming  gradually  broader 
and  deeper  in  front  r  in  the  articubtcd  foot  it.  lies  above a  similay  groove  upon 
the  upper  surface  of  the  ealcaneUs,  and  forms:  with  it,  a  canal  .(sinus  tarsb  filled 
Up  in  the  fresh  state  1>y  tfjo ^  intcrQSseinis  talocalcaneal  ligament.  The  posterior 
calcaneal  articular  surface  is  large  and  of  an  oval  or  oblong  form.  It  articulates 

Trochlea  far  tibia  :■  '*  .W  • 

V-’;  :  :  v;: .  .  v. ;  .•  ]'.  rV:  ?\VT  .  r  ..  ;  j  ■>'  ;V .. 


mum 


*x.itocMUir  b.onl 


Suktid  Jo}'  .FU^jtailac^  Ltitpi* 


F/.q  2T*  —  L el* (  t  fklixo ,  in^iuU 


'Txvcfai  yiir.  V  ‘ 


I  J:\yttrjt :»>  wl-raHt til  ariiO/tlar 
KUrfart. 


F or  navirytlar 

Ti®.  i!8U  — L$f-t  l&Uirid  $urf4<v 
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for  art  iculation;  with  the  lateral  nialleolus;  its  anterior  half  is  ewhnuous  above  with 
the  trochlea;  and  iftfront-nf ilisft ^  the  attaehmeht  of  the  ante¬ 
rior  tjiSohbnlar  ligament.  Between  the  posterior  half  of  the  lateral  border  of  the 
tMchlea  and  the  posterior  pttrt  of  the  base  of  the  fibwkr  articular  surface  is  a  tri- 
anzuiar  facet  (Fawcett*;  which  comes  into  eautaet  wit li  the  transverse  inferior 
r  iiv,  Hbular  ligament  during  flexion  of  the  ahWe*jotnt ;  below  the  base  of  this  facet, 


is  a  groove  w  hich,  affords  attaehitient  to  the  postern?-  talofibular-  figanrimt. 

The  posterior  surfaces  ourro^viaiid-traveTsed  bv  a  groove  rufariiiie  obliquely 


downward  and  tnwfudwUrd,  Hnd;trit«sHutt)hg  llits  tendon  of  the ~$%$9r  liallueia 
longus.  Lateral  to  the  groove  te  a  prothiitent  tubercle,.  the  posterior  process,  to 
which  the  posterior  talofibular-  ligament  is  attached  ;  ibis  process  is-  sometime* 
separated.  front  the  rast  of  the  talus,  and  is  then  knpwu  as  the  os  trigemini.  Medial 
to  tic •  e  is  a  second  stiudSef  tubercle,  i 
The  Keck  '(epllnm.  fqZo.s-  The  neck  k  directed  forward  iarid m/xihdViUTd.  and 
••emprises  the  constricted  pi.trtKu.t:uf  the  bone  between  /he  laxly ’and  the  oval  iicu.l. 
Its  upper  and  taedi&i  surfaces  are  rough,  for  the  attachment  of  bga  teems;  its  lateral 
surface  is  concave  and  is  continuous  below  with  the  deep  groove  for;  the  inter- 
Osseous  taioeidcatsenl  ligament 

The  Hoad  i rapid  biu),  --Tf ie  head  looks  forward  and  mediate. u?d;  its  anterior 
articular  or  navicular  surface  k  large,  -.oval,  arid  convex.  Its  inferior  surface  has  two 
facers,  which  -arc  best  seen  in  the  fresh  eonrfitirio,  The  medial,  situated  in  front 
of  the  middle  calcaneal  facet,  is  c<m'>;x,  triangular,  or  sejni-evai  hi  shape,  and 
rests  no  the  planter  itdcarieona  v icular  ligament;  the,  lateral,  named  the  anterior 
calcaneal  articular  surface,  b  somewhat  flattened,  and  artieulat.es  with  the  facet  on 
the  upper  surface  of  the  anterior  part  of  the  calcaneus. 

Articulations, — Tin  talas  articulate-,  with  jimr  bones;  tibia,  fibula,  calcaneus,  8ud  navicular 

The. Cuboid  Bone  \m-eut«tidrum)  (Figs.  *>: i ,  •*82).— The cuboid  bone is  placed  on 

.1  .  I  .  *  .i _ I  *  .1  ,  .  t*  .  t ,  r  :  •  a.  yil  T._.  .  e  xl  .  •  l  ...  t  I  i  s  t  c  ,  i  k  •  '  \  t*  i-^% 


Orfiiis  t*i  Hi  l  jf  K4S 
/•  i-  ita»tcular 


>'  f/r  iUk 


Fig  Antcroini»dta,l  view. 


1m.  f  vj  -•  .l  b,-  lot:  pf.raL-r(Kbii<  rt»l  vi^w 


Burlier. —  -Th«  dorsal  surface,  directed  upward  and  hitcrahvard,  h- rough,  for  the 
fttrarlnoent  of  H^amcntv;.  Tin1  plantar  surface  presents  to  from  a  deep  groove, 
the  peroneal  sulcus ,  Vldcli  runs  obliqtiely  fonvnrd  and  ruedhdwanl;  it  lodges  the 
tendon  the  IVrmur  m  !<>ng?is.  and  is  hounded  behind  by  n  promimut  ridge, 
to-  vvhMi  the  long  plantar  dig-ament;  is  attached ,  The  ridge  ends  laterally  w  an 
eminent  the  tnbercaty,  the  surface  of  which  presents  an  oval  facet;  an  this  iacet 
glides  the,  sesammd  fjKflje '/pt  e^/rt iliiire  iVvarid  in  the  tendon  the  Pcro- 

mi’m  longus.  The  surface  of  hone  behind  the  groove  is  mugiu  lor  the  attachment 
of  the  plantar  ealcaneocuhoki  li^arucnt,  a  few  fibers  of  the  Elexor  haljncis  bravis, 
and  a  fascteulii^  from  the  tendon  of  the  Tibialis  posterior.  The  lateral  surface 
presents  a' deep  notch  formed  ip*  t  he  commencement  of  the  peroneui  suieiis.  The 

4  EtUaburgii  ^utiruV  d£$T>.  . :  •.;  v  .  .. 
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posterior  surface  is  smooth.  triangular,  and  concavo-convex.  for  articulation  with 
the  anterior  surface  of  the  cidcfenc'tis;  its  infercwrmiial  angle  projects  backward 
as  a  process  which  underlies  and  supports  the  anterior  end  of  the  calcaneus  The 
anterior  surface,  of  smaller  am*,  hut  also  irregularly  triangular,  is  divided  by  a 
vertical  ridge  inUV  two  Tacete;  thr- tsicdird,  quadrilateral  in  form,  artifeiijates  with 
the  fourth  enctiitirrsal ;  the  latemlyhirger  atHl  more  triangular,  articulates  with;  the 
fifth.  The  medial  surface  is  broad,  irregularly  quadrilateral,  and  ■presents'  at 
.its  tinddlf*  and  up|M?r  part  a  StHprtfh  oval  facet,  for  articulation  with  the  third 
cuneiform;  ami  behind  this  uw-asiotiitlly)  a  smaller  facet,  for  articulation  with 
the  rui.vkular;  it  is  rough  in  the  rest  of  its  extent,  for  the  attachment  of  string 
iijtewsenus  ligaments.  .  .  •,  .  .  ' 

Articulations.  -  J  ',i.  ruboid  articulate*  with  four  Iwmes:  the  calcaneus.  r.hird  cuneiform.  ami 
fourth  tfml  HfM»  iHcrat&f&ils;  ac  nationally  vrith  a  fifth,  the  navieufar 

The  Navicular  Bone  iw  maculare  /tedi*:  scaphoid  bout  )  , 4  Figs.  2S.';,  The 

navicular  bone  is  situate, I  jit  the  medial  side  of  •  the  tarsus,  between  the  talus 
behind  and  the  cuneiform  bones  in  front.  .. 


For  2 ml  Yuntifavk 


F*::  H 


f'r.it  -J.w\  — Tl*v  lirfl  n..vi  -ul  **  w\. 


\  't'OfM-i  *.  -i  v. 


.  ti.i? r 

:v:®®pf*csa surface  a»m  ex  from  to  side,  and  subdivided  h\  t\v<V 
ridges  jjit^ three  .for  tirtiodutum  with  the  three  cuneiform  The 
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and  rough  for  the  att^vhment  of  ligaments.  The  ptaotaf  surface  is  irregular,  aud 
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Surfaces.— The  medial  surface  is  Sul^cutdneoUS.  broad,  and  <|uiidtilat<‘fai:  at  its 
anterior  pfanteir.  angle  is  a  adiQoth  oval  impression,  into  vvhithpsfrt  ofthc  tendon 
of  the  Tibialis  anterior  is  inserted ;  in  the  rest  of  its  extent  it  is  rough  for  the 
attachment  of'  ligaments.  The  lateral  surface  is  concave,  presenting,  along  its 
superior  and  jmsterior  l>orders  a  narrow  Ix/haped  surface,  the  vertical  limb  and 
posterior  pan  of  the  horizontal  limb  of  which  articulate  with  the  second Ounet hsmi, 
while  the  anterior  part  of  the  hotizoiital  limb  artifnlates  with  the  second  metatarsal 
hone:  the  rest  uf  this  surface  is  rough  for  the  attachment  of  ligaments'  and  part'.; 
of  the  tendon  of  die  Peronietis  longus..  The  anterior  surface,  kidiley-sbaj^ptuti 
much  larger  than  the  posterior,  articulates  with  the  first  metatarsal  bfitie.  The 
posterior  surface  is  triangular,  concave,  and  articulates  with  the  (mist  medial  and 
largest  of  the  three  facets  on  the  anterior  surface  of  the  navicular,  The  plantar 
surface  w  rough,  and  forms  the  base  of  the  wedge;  at  its  back  port  is  a  tuberosity 
for  the  insertion  »f  part  of  the  tendon  of  the  Tibialis  posterior,  it  also  gives, 
insertion  in  front  to  par*.  of  the  tendon  of  the  Tibialis  anterior.  The  dorsal  surface 
is  the  narrow  end  of  the  wedge,  and  is-  directed:  upward  and  lateral wardp it  is 
rough  for  the  attachment  of  ligaments 

ArtSeiiiatkHis, — The  first  euiv-jform  articulate?  with  fmtr  boms1  the  navtcuhir,  einjiaiJl  otusei* 
fttrm.  w<-i  Oro  :uni  sj-coti,)  nifflulftrsiils 

Tba  Second  Cuneiform  Bone  Ui»eutmfwme-m>itudtita;.iii»i<Ui-  rum-iform  ■  /  Figs. 
2>*T.  iKS:,-Thc  second  cuneiform  the  smallest  of  tire  three,  is  of  t  er.  reg¬ 

ular  wt  dgedike  for  in,  the  thin  end  being  directed  downward  It  is  situated  between 
the  other  two-  cuneiforms,  and  articulates  with  the  navicular  behind,  and  the 
second  inefauirsai  m  front.,  y-;-  '-Ye  ’  Y  '  •  •  .1*  ''  '.[• 

Surfaces.— Tin-  Witeriw  surface,  triongvihir  iit  form,  anti  narrower  than  the  pos- 
terior.  tin 'et  dates  w  ith  the  busts  of  the  second  metutar; sal  bone.  The  posterior  sur¬ 
face,  also  triangular,  articulates  with  this  intermediate  facet  on  the  anterior  s urhiee 
of  the  navicular.  The  medial  surface  carries  an  i /-shaped  articular  facet,  running 
along  the  superior  and  posterior  borders,  for  arumlation  vrith  the  first  -cuneiform, 
and  is  rough  in  fiii'’  rest  of  its  extent  for  the  attachment  of  ligaments.  The  lateral 

serfitee  presents  postcrim-h  a  smooth  F,)rVi  '  >Vk . . 

for  with  the;  third 

.  ,  IfdWef !  -The  dorsal  sort  ace 

term*  the  h use;  of  the  wedge;  it  is 
Tpiadrilateral  and  rmigh  for  the  ’ 

liuMnurni  Of'  iigatiivritSv  Thf  i>l*$rtar 
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und  ■  fur  the  in^rtfolv  df  a  for Zwii&Wura&t  •  for  3rd  matiform . 
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The  Third  Cuaeiform  Botxe  fits  { io;^. 

W0I 

v&y&iijsfi. 

to f  fhfe;^  _0H 

tbe.na^iailar  behind,  aif(|  the  third  (firtatarsal  bi  froet 
Surfaces .  ^Tiie  anterior  surface.*:,  t irva ri^l $1  air- irjicdiltit#  :^ith  tht;;-. 
mefa(ar>al  hone.  The  posterior  surface  yrtivnh'it?'.-?  *'  sth  i\^  lat*-r;ti  hnvi  <-n'  vhf 
aoP  rior  .>»trfnee  of  the  naviuiiar,  .and  %  roudlv  below  fut  the  nruu  jin.vta  <d  ti^ 
memous  fibers.  Tlic  medial  surf  ace  prv^euhvnn  anterior,  a  ltd  a  poOerior  <i.nu\\ku 
hifri,  separaifrl  1>V  a  rough  depr^^iion:  tlie  anterior,  .>< ►metiini  di\  i»kd.  nrii< 
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with  the  lateral  side  of  the  of  the  second  metatarsal  ham::  ;  the  posterior  skirts 
and  urtieuiutes  with  the  second .  rough  depres¬ 

sion  gives : attachment  to  an  iutero^eous  ligament;  The  lateral  stirf^e  also  pre¬ 
sents  two  articular  facets,  separated  by  a  rough  porpArtfenilnr  area;  the  anterior 
fitpet,  situated  at  the  superior  angle  of  the  hone,  h  small  and  semi-oval  m  shape, 
aval  articulates  with  the  medial  side  of  the  base  of  the  fourth  metatarsal haw;; 
the  posterior  and  larger  ova-  is  triangular  or  oral,  and  Articulate*  with  the  cuboid; 
the  rough,  nrm-art ieular  area  serves  for  the  attachment  of  as*  interosseous  iigument. 
The  three  facets  ftyr  articiihihon  with  the  three  metatarsal  l.ioues  are  eordimious 
with  one  another,  those  for  articulation  with  the  second  cuneiform  and  navicular 
arc  also  cunt iimous.  but  that  for  articulation  with  the  cuboid  is  usually  separate. 
The  dorsal  surface  is  a f  m  oblong  form,  its  postcro-hite.ru) .  anjfle  being  prolonged 
tocktvard.  The  piafttat  surface  is  a  tomided  margin,  and  server  Tor  the  attachment 
of  part  of  rhe  tendon  of  the  Tibialis-  posterior,  part  of  die  Plexor  hattuds  brevis, 
and  iigarinent^  , 

The  third  chfifuform  '\tf  TmjSulm  with-  «•?/*  bone*- 


the  navicular,  second  -cimes 


Articulations, 

form,  c’uhoidl  and  second.  Ufipp  kbtd  fuilrth  fnetatbjrsU.U. 

•  Ecfr  710,11  icvlil] 


.  for  4th 
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Siq.  2**10.  ■ — Thk  third  leftcuneifrirui 
lateral  view. 


lontrir.udnialli- ,  m-&$  Uf  Ik-  cuiii-fivi*.  bolaw,  sjijrlnf,'  .'nivta  nl*t>ve.  The  bass  or 
posterior  extremity  is  wedge-shapr,:!,  ameuimink  proximdiy  with  -the  tarsal  hones, 
am!  l.y  its  sides  w  ith  the  ,;enntiginius  mr-tauiiSal  hums:  its  dorsal  firnl  plniifar 
.ire!, ;  :  are  rough  for  the  attiw-hineut  of. ligaments.  The  head  or  anterior  extremity 
'u  act$$t  >^rf|pp|j^4fg-'(griin  fjhtixp  (h’KWnwatti.  anil  exfentl- 

hm  /.inhfi  backward  byluvr  than  shove.  !i?  side.-i  are  tt-ictf  »*.>, > ,  «,.l  on  eaeh  is  a 
*lej>riNn-iot!,  surmounted  by  a  uiberele.  for  lijrarnontohs  otiarh merit,  its  plantar 
nirfiiic  i>  grooved  «Mefo-fr*tt*ri«riy  for  the  palace  of  the  Flexor  teiujr.ns,  arid 
marked  on  either  siile  hy  axi  artk-utar  ernkteiky  tSmtiiiuoits  with  the  terminal 
articulur  stirfai-e. 

Characteristics  of  the  Individual  Metatarsal  Bones.  —  The  First  Metatarsal 
Bone  O...Y  nieMnrmh  I;  uo/lalo'xnl  bmu-  of  tin-  ,;r:of  io<‘)  (Fig.  ‘J!)!  ).--The  first 
inet.ift;i»-«l  hone  is  remarkable  for  its  great  i hii-km-ss,  and  is  the  shortest  of 
the  h>  iit-v.  The  body  fS  i « i  of  well-marked  pri-moni  li.rui. 

Thri  hstss;  :piVs>?0fs.i  & '  dvky  rid  nctkoiUif'  fateJs  ^t(lek  hut  mkriffongJly 

ori  lh>  I-IT.-1  :rl  ••  I. Si  There  is  ;m  oval  sueet.  Uy  wfm-h.  t>  ,".-.roroh..><  -  -sift,  die  ;-;.-e._md' 

metntHi'siil  It-  t-ioMiHHl  stirf/no'  is  >»!  large  sue  .ami  kidia  v-d;nivd;  its 

n'reiiftjferr-hee  h  arooe,.(j,  f,.r  tin-  ;ar:..MmUi.<r-a!  heaiHcnte,  and  medially  givrs 
iiist-rtkih  to  part  of  the  tend otv of  five  Tibialis  anterior:  its  plantar  angle  presents 
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a  mtfi  m’fsl ,pr(>^ilietwie  tor  the  imcrtion  ot  the  fcehrfoi)  m  t«e..rcrotia?w-  lo.ngus. 
Tbe  kead  is  torj^;  bii  its  platitar  ;^urf^ ace  are  two;^ro'ov^; facets;  o-n  <v}ueh --'glide 
&$inoid  bonc^.,  the  iatcieb;  are'' by  a  smooth  fclb'&ttoii^ 

.  ^  ’  '  \  ‘  0,  ffa vB'iimm'ul  ton*#  ^ 
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FiO*  2i»&— -The  ssoend  rpouUr^tt  (L*ft.) 
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Fig,  — The  fim  cfletRiWisal. 
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Tbc  Second  Metatarsal  Bone  I :>*  metaiarsnk  II)  <:¥ig.  The  second  rneta- 

i&rxal  bv>nr  ii-;  the  iwjjest  of  die  metatarsal  bobes,  berojr  prolonged  backward 
into  the  imrss  formed  by  the  three  cuneiform  banes.  Its  base  is.  hrortd  above. 
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Barrow .'-and  rough  Wow.  jt  present  (our  rtrtieujar  mrfaxffijii  o>ne fopjrind,. of  a 
triangular  form,  for  sirtidilatfoit  wtJi  tbe  second  mrmfon'n  one  at  the  tipper  part 
of  its  medial  surface,  for  artwailatfon  with  the  first  eunrttform;  and  two on  its  lateral 
surface,  an  upper  and  lower,  separated  by  a  rough  nort-art.icuiar  interval.  Kadi 
of  these  lateral  artioiilar  siuf«ce,s  is  divided  iirto  two  by  a  vertical  ridge;  the  two 
anterior  facets  articdfote  with  the  third  metatarsal;  the  two  posterior  t  sometimes 
continuous)  with  the  third  eiineiforni.  A  fifth  facet  is  occasionally  present  for 
articulation  with;  the  hot  nsetatarsal ;  it  is  oval  iu  shape,  and  is  situated  on  the 
medial  side  of  the  body  near  the  base;  * 

The  Thkd  Met&t Bona  ///}  (Fig. .29^),— The  third  tnets- 


situated  at  the  dorsal  angle  of  the  base. 


m 
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ttUriaiaraiti 


For  tiiboid  %’ubt  rmiiy 
rSp,  .fifth  nictate/ QUefiii 


The 

tarsal 


The  Fourth  Metatarsal  Bone  (<&  inttnfarsate  tt”)  (Fig.  294)ty~'fhe  foqrth  ineta- 
■s-.d  bone  is  smaller  in  size  than  the  preceding;  its  base  pmagit?  «n  oblhiue 
quadrilateral  surface  for  firfieulatioh  with  the  cuboid;  n  sinrmtb  foeettfo  the  medial 
side,  divided  by  .a  ridge  into  an  anterior  portion  for  articulation  with  the  third 
metatarsal;  and  a  posterior  portion  for  articulation  with  the  third  Cuneiform;  on 
the  lateral  side  a  smgfo  facet,  for  articulation  with  the  fifth  hfMrtwtawal.  .; 


base.  ' Tlfo'bitM'hi^iculat^:I^hri)d/by 'a  triangU In r surface  cufcAildihuidy  iri  a  trans¬ 
verse  direction,  'with  the  cuboid;  - and  ;nM‘di».lly,  witli.  the'-ioortb-  metatarsal.  On 
the  medial  part  of  its  dorsal  surface  is  inserted  tin-  tendon  of  the  Pcroravus  tertius 
ami  on  the  dorsal  surface  of  the  tuberosity  that  of  the  fVron;«?us  brevis.  A  strong 
band  of  the  plantar  aponeurosis  connects  the  projecting  part  of  the  tuberosity 
with  the  lateral  process  of  tiny  tuberosity  of  the  calcaneus.  -The  planter  surface 
of  tlw  base  is  grooved  for  tlu  tendon  of  the  Abductor  digiti  quinti.  and  gives  origin 
to  the  Flexor  digiti  quinti  brevis. 

Articui*t>oaa. — The  ba$i«  of  each.  oitHulsirsjtl  hone  s>:twuiat^  with  ope  or  rnore  die  tarsal 
bonsai  Rfuj.  ilia  head  with  umrtrf  the  first  row  Of  , jlh4%tjg*»e.  fiptiiiPtMariiAiinhulait-i-'b-iih 

{iie  ,h*5t  icUrMfocrii.’ tlje  aetn.n)it  wi ( h  fill  three  die  Tltirtl’  with  tte  T-hhit  cuniiiihn»otii.W 

fourth  with  tjle  lfa^cUp<$hinii  aridthe  cUhcith'tt'iityhc  fifth  WP$oti  the  rjutarid. 
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The  Phalanges  of  the  Foot  (Phalanges  Digitorum  Pedis). 

The  phalanges  of  the  foot  correspond,  in  number  and  general  arrangement, 
with  those  of  the  hand;  there  are  two  in  the  great  toe,  and  three  in  each  of  the 
other  toes.  They  differ  from  them,  however,  in  their  size,  the  bodies  being  much 
reduced  in  length,  and,  especially  in  the  first  row,  laterally  compressed. 

First  Row. — The  body  of  each  is  compressed  from  side  to  side,  convex  above, 
concave  below.  The  base  is  concave;  and  the  head  presents  a  trochlear  surface 
for  articulation  with  the  second  phalanx. 

Second  Row. — The  phalanges  of  the  second  row  are  remarkably  small  and  short, 
but  rather  broader  than  those  of  the  first  row. 

The  ungual  phalanges,  in  form,  resemble  those  of  the  fingers;  but  they  are  smaller 
and  are  flattened  from  above  downward;  each  presents  a  broad  base  for  articula¬ 
tion  with  the  corresponding  bone  of  the  second  row,  and  an  expanded  distal 
extremity  for  the  support  of  the  nail  and  end  of  the  toe. 


TABSU& 

One  center  for  each  hone , 
except  calcaneus 


OUTER  FOUR  METATARSALS. 

2'ux)  center s for  each  hone  : 
One  for  body 
One  for  head 


PHALARGES. 

Two  centers  for  each  hone  : 
One  for  body 
One  for  metatarsal 
extremity 


Fig.  296.— Plan  of  ossification  of  the  foot. 

Articulations. — In  the  second,  third,  fourth,  and  fifth  toes  the  phalanges  of  the  first  row  articu¬ 
late  behind  with  the  metatarsal  bones,  and  in  front  with  the  second  phalanges,  which  in  their 
turn  articulate  with  the  first  and  third:  the  ungual  phalanges  articulate  with  the  second. 

Ossification  of  the  Bones  of  the  Foot  (Fig.  296). — The  t&rsal  bones  are  each  ossified  from  a 
single  center,  excepting  the  calcaneus, -which  has  an  epiphysis  for  its  posterior  extremity.  The 
centers  make  their  appearance  in  the  following  order:  calcaneus  at  the  sixth  month  of  fetal  life; 


Appears  lOfA  year  ; 
unites  after  puberty 


Appears  3rd  year 
Unite  lHlh-20th  year 

Appears  7th  week 


Unite  18-20  yr.  | 
Apps.  3rd  yr. 

App.  4th  yr.  m 
Unite  17-18  yr.{i 

App.  2-4  mo.  —f 


App.  6~7lh  yr. 

Unite  17-18  yr.  { 

App.  2-4  mo.  - 
App.  6th  yr 
Unite  17-18  yr. 

App.  7th  t ck.  — |7 
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Comparison  of  the  Bones  of  the  Band  end  Foot, 

The  'hand,  and  foot  are  constructed  on  somewhat  similar  principles,  each  eon* 
sUting  of  a  proximal  part,  the  carpus  or  the  tarsus,  a  nnrltlk  portion,,  the  meta¬ 
carpus.  or  the  metatarsus,  and  a  terminal  portion,  the,  pff*l.an^.'-.'.:The!  proximal 
part  consists  of  a  aeries  pf  more  or  'fifes  cdhttfhl  amotint 

of  gliding  on  one  another  and  are  chiefly  com-erned  in /tistrilaitiv!^  forces  transmit  ted 
to  nr  from  the  ho  n  e  ;  of  the  arm  or  leg.  The  noddle  pan;  is  made  op  of  slightly 
movable  long  tames  which  assist  the  carpus  or  tarsus  in  .distributing;  forces  antf 
also  give  greater  breadth  for  the  recept  ion  of  suofi  i\>fees.  The  separat  ion  of  the 
indiriJua!  bones  frdm One  another  allows  of  the  attachments  of  the  Interns sei  and 
protects  the  fUiv-si-pulotitr  and  dorsi-plantar  vascular  anastomoses.  The  terminal 
port  em  is, the  most  .-.movable,  ami  its  separate  elements  enjoy  a  -  varied  range  of 
movements,  the  chief  of winch  are  flexion  and  extenskia. 


AlndiuTi^i^rf. 


Fuh  2U7  >4 Ujifij 


The  function  of  the  hand  and  bait. are,  however,  .very  different,  and  the  general 
similarity  between  them  is- greatly  modified  to.meet.  these  mju'rcments.  Thus  the 
foot  forms  a  firm  basis  of  support  iV.r  the  l^xly  in  the  yteit  post  ure,  and  is  there¬ 


fore  more  solidly  built  up  and  its  component  parts  are.  less  movable  on  each  other 
than  tlimse  of  the  hand.  In  the cast1 s  of  the  pindahgvs  the  tilirereiVce  is  readily 
noticeable;  those  of  the  foot  are  stmillor  and  their  movements  are  more  limited 
than,  those  of  the  hand-  Very  much  m«re  marked  is  the  difference  between  the 
metacarpal  bone  of  the  thumb  and  the  metatarsal  bone  of  the  great  toe.  The  meta¬ 
carpal  bone  of  the  thumb  is  constructed ‘to- permit  of  great  mobility,  ts  directed  at 
ail  acute  apjgl«  from  that  of  the  index  finger,-  and  is  capable  of  a  considerable  range 


lxVft6  231;,.  *o  iD  tbe  first  uiv/Atarea)..-  than*  ia  oiu  n  &  second 


1 first  nj&t&ruripal  Jt&i+r, 
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THE  SESAMOID  BOXES 


4  movements  at  it*  artkwlationwith  the  carpus.  The- metatarsal  born?  of  the 
PI  toe-  assists  In  supporting  the  weight  «f  the  body,  is  constructed.  with  great 
soli.'itty,  1‘es  parallel  with  the  other  metatarsals*  aid  has  a  very  limited  -degree  of 
mobility.  The  carpus  is  small  in  proportion  to  the  .ml.  of  the  hand,  is  placed 
in  line  with  the  forearm,  and  forms  a  transverse  arch,  the  concavity  of  which. 
•  •mstkutes  a  bed  for  the  Flexor  tendons  and  the  palmar  niseis  and  nerves.  The 
tarsiwlorais  a  considerable  part  of  the  foot.,  and  is  placed  at  right  angles  to  the 
leg,  8  position  which  is  almost  peculiar  to-mahfdnd  :1ms  relation  to  his  erect  pos¬ 
ture.  In  order  to  allow  of  their  supporting  the  weight  of  the  body  with  the  least 
expenditure  of  material  the  tarsus  and i  &  pact  of  life  metatarsus  are  constructed 
lira  series  of  arches  (Figs.  207,  2h8),  the  disposition  of  which  will  be  considered 
after  the  articulations  of  the  foot  have  lieen  described. 


fRS& 


l'\ti  --Skeletott  of  foot.  LaUtryi  vfrpori. 


The  Sesamoid  Bones  (Ossa  Sesaracidoa). 

Sesamoid  bones  are  small  more  or  less  rounded  eptbedded  id  certain 

teadons  and  usually  relateij  b>  joint  surfaces.  Their •  functions  probably,  are  to 
pressure,  to. diminish  friction,  and  occasionally  to  niter  the  direction  of  a 
Bmsdc  pull.  That  they  are  not  developed  to  meet  certain  physical  requirements 
■S  the  adult  is  evidenced  by the&etith&t  tfey  are  present  as  cartilaginthis nodules 
m  the  fetu?.  ami  in.  greater  numbers  than  in  the  adult.  They  must,  be  regarded. 
iKrerdingtoThihriius,  as  Integral  parts  of  the  skeleton  jjbyfogengticully  inherited.1 

necessities  probably  come  into  play  in  selecting  and  vn  regulating  the 
decree  yf  the  firigjtwl  wtjhqri m»u s  tkKkbfeb  Nevertheless,  irreg- 

tjioiul'-s  of  bone  may  appear  as  the  result  of  intermittent  ptessitre  in  certain 
f  .  9.,  i  ^  rider's  bone,”  which  Is  tfechsknudly  developed  ki  thc.  Adduetor  . 
muscles  of  the  thigh.  ' 

Sesamoid  bones  are  m  vested  by  the  fibrous  tissue  of  the  tendons,  except  on  the 
surfiM-v*  hi  contact  with  the  parts  over  which  they  glide,  where  they  present 
uaoboth  articular  faesete.  /-"y- v.-;.  ’  i  , -‘v 

In  the  upper  extremity  the  sesamoid  bones  of  the  joints  are  found  only  on  the 
fwihtiar  surface  of  the  hand.  Two,  of  which  thhldtsliai  is  thtythe  largvT,  are  c«mstaiit. 
at  the  taefacaqxrplmlangeai  joint  of  the  thumb:  oue  is  frequently  present  in  the 
corresponding  joint  of  the  little  finger,  and  due  (or  two;  in  the  same  joint  of  the 
index  finger-  Sesamoid  bones  are  also  found  occasionally  at  the  metacarpopha¬ 
langeal  joints  of  the  middle  and  ring  fingers,  &C ..the  interphabngeal  joint  of  the 
thumb  and  at  the  distal  interpbahufgcal  joint,  of  .the  index  finger, 

In  the  lower  extremity  the  largest  sesamoid  hone  of  the  joints,  is  the  patella, 
devetoped  in  the  tendon  of  the  Quadriceps  fcnKirk,  the 

foyt,  two,  of  which  the  medial  is  the  larger, ’-tilt  adWiiys  prelsetit  at  the  metatar- 

1  Morplioln*.  Atbeihrrs,  tW,  0,  :u»  • 
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sophalangeal  joint  of  the  great  toe;  one  sometimes  at  the  metatarsophalangeal 
joints  of  the  second  and  fifth  toes,  one  occasionally  at  the  corresponding  joint  of 
the  third  and  fourth  toes,  and  one  at  the  interphalangeal  joint  of  the  great  toe. 

Sesamoid  bones  apart  from  joints  are  seldom  found  in  the  tendons  of  the  upper 
limb;  one  is  sometimes  seen  in  the  tendon  of  the  Biceps  brachii  opposite  the  radial 
tuberosity.  They  are,  however,  present  in  several  of  the  tendons  of  the  lower 
limb,  viz.,  one  in  the  tendon  of  the  Peronseus  longus,  where  it  glides  on  the  cuboid; 
one,  appearing  late  in  life,  in  the  tendon  of  the  Tibialis  anterior,  opposite  the  smooth 
facet  of  the  first  cuneiform  bone;  one  in  the  tendon  of  the  Tibialis  posterior,  oppo¬ 
site  the  medial  side  of  the  head  of  the  talus;  one  in  the  lateral  head  of  the  Gastroc¬ 
nemius,  behind  the  lateral  condyle  of  the  femur;  and  one  in  the  tendon  of  the  Psoas 
major,  where  it  glides  over  the  pubis.  Sesamoid  bones  are  found  occasionally 
in  the  tendon  of  the  Glutaeus  maximus,  as  it  passes  over  the  greater  trochanter, 
and  in  the  tendons  which  wind  around  the  medial  and  lateral  malleoli. 
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THE  bones  of  the  skeleton  are  joined  to  one  another  at  different  parts  of  their 
surfaces,  and  such  connections  are  termed  Joints  or  Articulations.  Where 
the  joints  are  immovable ,  as  in  the  articulations  between  practically  all  the  bones 
of  the  skull,  the  adjacent  margins  of  the  bones  are  almost  in  contact,  being  separated 
merely  by  a  thin  layer  of  fibrous  membrane,  named  the  sutural  ligament.  In  certain 
regions  at  the  base  of  the  skull  this  fibrous  membrane  is  replaced  by  a  layer  of  car¬ 
tilage.  Where  slight  movement  combined  with  great  strength  is  required,  the  osseous 
surfaces  are  united  by  tough  and  elastic  fibrocartilages,  as  in  the  joints  between  the 
vertebral  bodies,  and  in  the  interpubic  articulation.  In  the  freely  movable  joints 
the  surfaces  are  completely  separated;  the  bones  forming  the  articulation  are  ex¬ 
panded  for  greater  convenience  of  mutual  connection,  covered  by  cartilage  and 
enveloped  by  capsules  of  fibrous  tissue.  The  cells  lining  the  interior  of  the  fibrous 
capsule  form  an  imperfect  membrane — the  synovial  membrane — which  secretes 
a  lubricating  fluid.  The  joints  are  strengthened  by  strong  fibrous  bands  called 
ligaments,  which  extend  between  the  bones  forming  the  joint. 

DEVELOPMENT  OF  THE  JOINTS. 

The  mesoderm  from  which  the  different  parts  of  the  skeleton  are  formed  shows 
at  first  no  differentiation  into  masses  corresponding  with  the  individual  bones. 
Thus  continuous  cores  of  mesoderm  form  the  axes  pf  the  limb-buds  and  a  continu¬ 
ous  column  of  mesoderm  the  future  vertebral  column.  The  first  indications  of  the 
bores  and  joints  are  circumscribed  condensations  of  the  mesoderm;  these  condensed 
parts  become  chondrified  and  finally  ossified  to  form  the  bones  of  the  skeleton. 
Tie  intervening  non-condensed  portions  consist  at  first  of  undifferentiated  meso¬ 
derm,  which  may  develop  in  one  of  three  directions.  It  may  be  converted  into 
brous  tissue  as  in  the  case  of  the  skull  bones,  a  synarthrodial  joint  being  the 
esult,  or  it  may  become  partly  cartilaginous,  in  which  case  an  amphiarthrodial 
;>int  is  formed.  Again,  it  may  become  looser  in  texture  and  a  cavity  ultimately 
appear  in  its  midst;  the  cells  lining  the  sides  of  this  cavity  form  a  synovial  mem- 
irane  and  thus  a  diarthrodial  joint  is  developed. 

The  tissue  surrounding  the  original  mesodermal  core  forms  fibrous  sheaths  for 

Iveloping  bones,  i .  e.,  periosteum  and  perichondrium,  which  are  continued 
;n  the  ends  of  the  bones  over  the  synovial  membrane  as  the  capsules  of  the 
These  capsules  are  not  of  uniform  thickness,  so  that  in  them  may  be 
ized  especially  strengthened  bands  which  are  described  as  ligaments.  This, 
er,  is  not  the  only  method  of  formation  of  ligaments.  In  some  cases  by 
cation  of,  or  derivations  from,  the  tendons  surrounding  the  joint,  additional 
ntous  bands  are  provided  to  further  strengthen  the  articulations, 
everal  of  the  movable  joints  the  mesoderm  which  originally  existed  between 
ids  of  the  bones  does  not  become  completely  absorbed — a  portion  of  it 
s  and  forms  an  articular  disk.  These  disks  may  be  intimately  associated  in 
levelopment  with  the  muscles  surrounding  the  joint,  e .  g .,  the  menisci  of  the 
oint,  or  with  cartilaginous  elements,  representatives  of  skeletal  structures, 
are  vestigial  in  human  anatomy,  e.  g.y  the  articular  disk  of  the  sterno- 
davicif*  G-lar  joint. 
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Bone.-^Bone  constitute*  the  fundamental  element  of  all  the  joints,  In  the 
Inng  bones.  the  extremities  are  the  parts  which  form  the  articulations;  the}  are 
generally  somewhat  enlarged;  and  consist  of  spongy  CiUieelious  tissue  w Jth  a  thin 
euntiog  of  compact  substance  In  the  Hat  hones;  the  articlilaUifttf^  usually  take 
piaee  at  the  edges;  and  hi  the  short  hones  at  various  parts  of  their  surfaces.  The 
layer  of  compact  hone  which  forms  the  joint  surface,  and  to  which  the  articular 
curtilage  -is  attached,  is  called  the  articular  lamella.  ;Ji  differs  from  ordinary 
hime  tissue  in  that  5t  contains  no.  Haversian  canals-,  and  its  lacuna-  arc  larger 
and  have  no  (•an»Ucu)i.  '  The  vessels  of.  the-  cancellous  tissue,  as.  they  'approach 
the  anieidiir  lamella,  turn  hack  in  loops,  and  do  not  perforate -it;  this  layer  is  eon* 
serpienfly  denser  and  firmer  than  or<lii*ary.1mhc,  and  is  evidently  designed  to  form 
an  unyielding  support  for  the  lirticukir  cartilage. 

Carthage.  -Cartilage  is.  a  tiori-vuscubtr  structure  which  is  found  in  various, 
parts  of  thft  hcwiy  - -iii  adult  life  diielly  in  thy  joirtts,-  ip  the  purietes  of  the  thorax, 
mid  in  vftmnis  fuhth*  such  «s  the  trachea  and  bfonchpripite,  and  ears,  which  mjuire 
to  be  kept  jjenasnt'Utly  open.  In  the  fetus,  At  an  early  period,  the  greater  part 
of  the  skeleton  is  carriiagtttptts;  as  this  cartilage  is  afterward  replaced  by  bone, 
it  is  called  temporary,  in  cnritradistiHelion  to that  which  rdpaUas  uhijksitioji  during 
the  w  hole  hf  life,  and  is  called  pemanent- 
Cartilttgy  is  divided,  According  to  its  minute  struetnre.  into;  hyaline  cartilage, 
white  Bbroc&rtiiage,  and  yellow  or  elastic  fibrocartilage 

Hyaline  Cartilage. --Tfytdw;ie  cartilage  consists  of-  -a  gristly  moss  of  a -firm  ■consist* 
enoe,  lint  hf  considerable  elasticity  and  pearly'  bluish  color..  .Except  where  it  coats 
the  articular  ends  of  hoiws,  it  is  covered  externally  by  a  fibrous  tiH-nsbrane.  the 
perichondrium.,  from  the  vessels  of  which  it  imbibes  its  nutritive  fluids,  being  itself 
destitute  of  bloodvessels,  it .'contains  no  nerves.  Its  intimate  structure  is  ’cry 
simple:  If  a  thin  slice  be  examined  under  the  'microscope,  it  will  ivc  found  to  consist 
of  cells  of  a  rounded  or  bluntly  angular  form,  King  hi  groups  of  two  or  more  in 
a  granular  or  almost  homogeneous  matrix  (Fig.  2!i9).  The  cells,  when  arranged 
in  groups  of  two  or  more,  Inu'C  generally'  straight  outlines  where  they  are  in  contact 
w  ith  cadi  other,  apd  jjtS.  the  red  of  their  bip?dnflferepee  are  rounded.  They  con¬ 
sist  of  dear  translucent  protoplasm  in  which  fine  interlacing  filaments  and  minute 
granule.-,  arc  sometimes  present;  imbedded  in  this  are  one  or  two  round  ru«  s  i. 
having  the  usual  ihtran'Uc.leflr  network.  The  cells  are  contained  in  cavities  m 
the  matrix,  called  cartilage  lacatwe;  around  these  the  matrix  is  arranged  in  cot  » 
centric  Sines,  as  if  it  had  been  formed  in  successive  portions*  around  the  cartibige 
edls.  This  constitutes  the  sn-ealled  capsule  of  the  space.  Each  lacuna  i*  geimndl  y 

omipiod  by  a  single  cell,  but  due* 
in-  the  d.i'  bam  of  the  cells  it  trial y 

v?X^BK  O  f.  -1^  wmiuin  tw  o,  four,  or  eight  cells. 

The  matrix  is  trarispiarent  and 
'c  ‘  apparently-  without  'structure,  or 


Fid.  2W  ii»c  ftfjGoIf’i  cuitiJagp. 

'  Wm ' 


DEVELOPMENT  OF  THE  JOINTS 


.281 


Articular  cartilage,  costa  cartilage,  and  temporary  cartilage  arc  all  of  the  hyaline*. 
They  present,  differences  in  the  size  shape,  and  arrangement,  of  their 

(Sits, 

In  Articular  Cartilage  (Fig.  3011},  which  shows  no  tendency  to  ossification,  the 
ttiitrix  k  finely  granular;  the  oetls  and  nuclei  are  small,  and  are  disposed  parallel 
fieitie  kurfahe'  iii.  fjhjr  superficisd.  part,  Vlijj.e .fi.eaftfr:td  the.  hone  they  arc  arranged  iii 
v*.rht..!tj  foe  s.  Articular  cartilages  have  a  tendency  to  split  in  a  vertical  direction; 
a.  di;«ase  this  tendency  becomes  very  manifest.  The  free  surface  of.  articular 
■tOiftilage,  where  it  is  exposed  to  fri< lion,  is  not  covered  by  perichondrium,  although 
a  l.i;>  »•<:  of  connective  tissue  cord unic-tis  w ith.that  of  the  syaovial  niemhranc  can.  he 


uwnstatioo  upon  the  phn t  .surfaces  of  tiielionps,  and  ita  elaatk  ity  enables  it  to 
finafc  the  I'lVrw  ;of..ih»nyu^u)hk,sin‘hite;i^i  smoothness  affords  ease  and  freedom  of 
avvcmriit,  ft  V-urif-s  in  thickness  according  to.-tho  shajjc  of  the  articular  surface 


1 !m 

fV,  v»r,i»f.rk  «f  tti'tipuior  »%rtiWi^oV 


Tyft.:  3Ml.-r-C.iHtal  cartjiiivH  frum  a  JtfjtfW 

>  stirs.  shtnfvtuft  li-iV?  JevfdopWUnt  of 
iiirfVtup  in  tbnTftntmV  Ir<  a*vt>ryl  f*$t- 

vio ih&  ■*&<!<* i l&o  or  ititfx  j|or>urf*limjft  tff 
rtdijtt  mv  *ar»n  in  a  p'lrw't.  reit  wail. 

tJiJSftiy  ttlrtgCt  fil'd. 


np  v, lij.-li  it  lies,  where  this  js  convev  the  caff tlage  is  thickest  at  the  center,  the 
revere*  I  wing,  tlu;  ease  mi  concave,  ftrtiniiar  Surfaces.  It  appears  to  derive  its 
Mtruueot  partly  from  the  vessels  of  the  neighboring  synovial  membrane  and 
parti'  from  ihe-e  the  be; ne  upon  which  it  is  implanted.  Toynbee  has  shown 
h'u;  rl,(  minute  vessels  of  the  cauecHpus  tissue  as  they  approach  the  articular 
Uineita  dilate  and  form  arches,  and  then  return  into  tile  substance  of  the  bone, 
in  Costal  Cartilage  the  cells  and  nuclei  arc  large,  and  the  matrix  has  a  tendency 
*>•  fibrous  st  nation.  especially*  in  old  age  (big.  -»nl).  In  the,  thickest  parts  of  the 
o«ul  cartilages  a  t^W'  large  vascular  channels  may  he  dftt^ctol.  This  appears, 
•r -  t  fight,  jo  be  an  exception  t»>  the  statement  that  cartilage  is  a  Mon-vascular 
■  tissue,  but  is  nut  sc  really,  for  the  vessels  give  no  branches  to  the  cartilage  sub- 
it ■».!;,  and  the  channels  may  rather  be  looked  upon  ns  involutions  of  the 
•  ptiichoridrium.  'The  xiphoid  process  and  the  cartilages  of  the  mom-,  larynx,  anti 
trades  (ex.ee. i >f  tie*  epiglottis  ami  cormeujatc  cartihiges  of  the  larynx^  which, are 
.•Miafh.o.i  *  if  ckisti-'  fibmcartiUao)  resemble  the  rawtal  cartilages '  i»  microscopic 
'■haraetrri-iic.  The  arytenoid  cartilage  of  the  larynx  shows  a  transition  from 
.  •••line  •-ijrt.i d-ugc  at  its  .bast*  to  clastic  cartilngt!  at.  the  apex. 
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Tin;  hyaline  curtilages,  especially  in, adult  and  advanced  life,  aiv  pton**  to  calcify 
— that  is  tw  3«y,  to  have  their  matrix  permeated  by  calciitpi  without  any 
appearau.ee  of  true  hone.  The  process  of  cafoifleation  occurs  frequently,  in  such. 
•  cartilages;  M  those  of  the  trachea  and  in  the  costal  cartilages,  w  here  it  may  be 
succei-deil  by  conversion  into  tree  bone. 

White  Fibrocartilage— Wliite  fibroeartilage  consists  of  a  mixture  of  white  fibrous 
tissue  and  cartilaginous  tissue  in  various  proportions;  to  the  former  of  these  .  con¬ 
stituents  it  owes  its  .flexibility  and ■; 
toughness,  and. .$<  thb  dirtier:  its 
elasticity  When  exatairred  under 
the  microscope  it  is  found  to  be 
made  up  pf  fvbrqus  centnectivie- 
tissue  arranged';  ia.sfadadles, .  with 
rartilagi-*  cells  betwbrirthe  bundles; 
the  cdb  to  a  certain  extent  re- 
gji|8P^y  scinh'le  tendon  cells,  .  but  may  be 
tBm®ssg^&53sa&:'X :  distinguished  from  them  by  dicing' 

V’- surrounded  by  '»  concentrically 

striated  area  of  cartilage  matrix 
;  :  and  by  being  less  flattened  (Fig. 

-iuJ).  The  whitefihroeartiiages  >*;• 
mit  of  arrsngerncm  into  four 
groups — iotararticelst, .  connecting, 
circumferential,  sited  stratiform. 

1.  The  laterarticttiar  Tibrocartilagea  ( menisci )  are  flattened."  fibrocartilaginous 
plates,  of  a  round,  oval,  triangular,  or  sickle-idfo  fonto  interposed 'feetween  the 
articular  cartilages  of  certain  joints.  They  are  free  os-  both,  surfaces,  usually 
thinner  toward  the 'center  than  at  the  circumference,  and  bold  in  position  by  the 


SiH 


Ft#-  302,—* VlTriitt*  £ltovh«a*ti}<*jrtr  fMfii  All ■  fis fervef  fcs&raJ 
’  ,,  fibr(>uartiUy{».  . 


joints— i,  f  .t  in  those  joints  which  art  most  exposrtl  to  via 
subject  to  frequent  tnovn/uop? .  Their  uses  are  to  obliterate  t 


violent  concussion  and 

. ■■  ■ . ■  . yKwrgtbdb^inh^valabetwectt- 

opposed  surfaces  in  their  various,  motions;:  to  iiu.Tca.se  the  depths  of  .the  articular 
surfac  es  and.  give  ease  to  the  gliding  movements;  to  Pinderafe  the  diverts  of  great 
pressure  snd  deaden  the  intypsity  of  the  shucks  to  which  the  parts  may  be  sub-; 


uu 


in  thft  kiice  joint  there  arc  two  kinds  of  motion,  viz,,  angular  amvcnseht 
tioit,  although  it  is  a  hinge  joint,  ip  which,  as  a  ride,  only  one  variety 


and  rota- 
of  motion 

is  permitted;- 'the  former  movement  takes  place  betw ecu  the  condyles  of  the  femur 
arut  tire  ■  interarticul&r  cartilages,  the  latter'  between  the  cartilages  'and  the  head 
of  the  tibia.  So,  also,  lo  the  temporomandibular  joint,  the  movements  of  opening 
and  shutting  the  mouth  take  place  between  the  fibroeartilage  and  the  mandible, 
the  grinding  movement between  the  mandibular  fossa  fluid  the  hbrw»rt-iiage,  the 
latter  moving  with  the  mandible. 

2.  The  Connecting  FibrccartOages  arc  interposed;  between  the  bony  surfaces  of 
those  joints  which  admit  of  only  slight  mobility,  as  between  the  bodies  of  the 
vertebrae.  They  form'  disks  which  are  closely  sdfiCryrit  to  the  opposed  surfetc^s. 
Each  disk  is  composed  of  concept rfo  rings' '.of. , fibrous  tissue,  with  cartilaginous 
laruinte  interjjosed,  the  former  tissue  predominating  toward  the  dminiferenee, 
the  latter  toward  the  center. 

3.  The  Circumferential  Pibroeartil&fes  consist  of  runs  of  fibroeartilage,  which 
surround  the  margins  of  some,  of  the  articular  cavities,  c.  ■/.,  the  glenoidal  labrurn 
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of  the  hip,  and  of  the  shoulder;  they  serve  to  deepen  the  articular  cavities  and  to 
protect  their  edges. 

4.  The  Stratiform  Fibrocartilages  are  those  which  form  a  thin  coating  to  osseous 
grooves  through  which  the  tendons  of  certain  muscles  glide.  Small  masses  of  fibro- 
cartilage  are  also  developed  in  the  tendons  of  some  muscles,  where  they  glide 
over  bones,  as  in  the  tendons  of  the  Peronaeus  longus  and  Tibialis  posterior. 

The  distinguishing  feature  of  cartilage  chemically  is  that  it  yields  on  boiling  a 
substance  called  chondrin,  very  similar  to  gelatin,  but  differing  from  it  in  several 
of  its  reactions.  It  is  now  believed  that  chondrin  is  not  a  simple  body,  but  a 
mixture  of  gelatin  with  mucinoid  substances,  chief  among  which,  perhaps,  is  a 
compound  termed  chondro-mucoid . 

Ligaments. — Ligaments  are  composed  mainly  of  bundles  of  white  fibrous  tissue 
placed  parallel  with,  or  closely  interlaced  with  one  another,  and  present  a  white, 
shining,  silvery  appearance.  They  are  pliant  and  flexible,  so  as  to  allow  perfect 
freedom  of  movement,  but  strong,  tough,  and  inextensible,  so  as  not  to  yield 
readily  to  applied  force.  Some  ligaments  consist  entirely  of  yellow  elastic  tissue, 
as  the  ligamenta  flava  which  connect  together  the  laminae  of  adjacent  vertebrae, 
and  the  ligamentum  nuchae  in  the  lower  animals.  In  these  cases  the  elasticity  of 
the  ligament  is  intended  to  act  as  a  substitute  for  muscular  power. 

The  Articular  Capsules. — The  articular  capsules  form  complete  envelopes  for  the 
freely  movable  joints.  Each  capsule  consists  of  two  strata — an  external  ( stratum 
Jibrosum)  composed  of  white  fibrous  tissue,  and  an  internal  {stratum  synoviale) 
which  is  a  secreting  layer,  and  is  usually  described  separately  as  the  synovial 
membrane. 

The  fibrous  capsule  is  attached  to  the  whole  circumference  of  the  articular  end 
of  each  bone  entering  into  the  joint,  and  thus  entirely  surrounds  the  articulation. 

The  synovial  membrane  invests  the  inner  surface  of  the  fibrous  capsule,  and  is 
reflected  over  any  tendons  passing  through  the  joint  cavity,  as  the  tendon  of  the 
Popliteus  in  the  knee,  and  the  tendon  of  the  Biceps  brachii  in  the  shoulder.  It  is 
composed  of  a  thin,  delicate,  connective  tissue,  with  branched  connective-tissue 
corpuscles.  Its  secretion  is  thick,  viscid,  and  glairy,  like  the  white  of  an  egg,  and 
is  hence  termed  synovia.  In  the  fetus  this  membrane  is  said,  by  Toynbee,  to  be 
continued  over  the  surfaces  of  the  cartilages;  but  in  the  adult  such  a  continuation 
is  wanting,  excepting  at  the  circumference  of  the  cartilage,  upon  which  it  encroaches 
for  a  short  distance  and  to  which  it  is  firmly  attached.  In  some  of  the  joints  the 
synovial  membrane  is  thrown  into  folds  which  pass  across  the  cavity;  they  are 
especially  distinct  in  the  knee.  In  other  joints  there  are  flattened  folds,  subdivided 
at  their  margins  into  fringe-like  processes  which  contain  convoluted  vessels. 
These  folds  generally  project  from  the  synovial  membrane  near  the  margin  of  the 
cartilage,  and  lie  flat  upon  its  surface.  They  consist  of  connective  tissue,  covered 
with  endothelium,  and  contain  fat  cells  in  variable  quantities,  and,  more  rarely, 
isolated  cartilage  cells;  the  larger  folds  often  contain  considerable  quantities  of  fat. 

Closely  associated  with  synovial  membrane,  and  therefore  conveniently  described 
in  this  section,  are  the  mucous  sheaths  of  tendons  and  the  mucous  bursae. 

Mucous  sheaths  (vagina  mucosa)  serve  to  facilitate  the  gliding  of  tendons  in 
fibroosseous  canals.  Each  sheath  is  arranged  in  the  form  of  an  elongated  closed 
sac,  one  layer  of  which  adheres  to  the  wall  of  the  canal,  and  the  other  is  reflected 
upon  the  surface  of  tbe  enclosed  tendon.  These  sheaths  are  chiefly  found  surround¬ 
ing  the  tendons  of  the  Flexor  and  Extensor  muscles  of  the  fingers  and  toes  as  they 
pass  through  fibroosseous  canals  in  or  near  the  hand  and  foot. 

Burra  mucora  are  interposed  between  surfaces  which  glide  upon  each  other. 
They  consist  of  closed  sacs  containing  a  minute  quantity  of  clear  viscid  fluid,  and 
may  be  grouped,  according  to  their  situations,  under  the  headings  subcutaneous , 
tubmuscular,  subfacial ,  and  subtendinous. 
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CLASSIFICATION  OF  JOINTS. 

The  articulations  are  divided  into  three  classes:  synarthroses  or  immovable, 
amphiarthroses  or  slightly  movable,  and  diarthroses  or  freely  movable,  joints. 

Synarthroses  (immovable  articulations). — Synarthroses  include  all  those  articu¬ 
lations  in  which  the  surfaces  of  the  bones  are  in  almost  direct  contact,  fastened 
together  by  intervening  connective  tissue  or  hyaline  cartilage,  and  in  which  there 
is  no  appreciable  motion,  as  in  the  joints  between  the  bones  of  the  skull,  excepting 
those  of  the  mandible.  There  are  four  varieties  of  synarthrosis :  sutura,  schindylesis, 
gomphosis,  and  synchondrosis. 

Sutura. — Sutura  is  that  form  of  articulation  where  the  contiguous  margins  of  the 
bones  are  united  by  a  thin  layer  of  fibrous  tissue;  it  is  met  with  only  in  the  skull 
(Fig.  303).  When  the  margins  of  the  bones  are  connected  by  a  series  of  processes, 
and  indentations  interlocked  together,  the  articulation  is  termed  a  true  suture 
( sutura  vera );  and  of  this  there  are  three  varieties:  sutura  dentata,  serrata,  and 
limbosa.  The  margins  of  the  bones  are  not  in  direct  contact,  being  separated  by  a 
thin  layer  of  fibrous  tissue,  continuous  externally  with  the  pericranium,  internally 
with  the  dura  mater.  The  sutura  dentata  is  so  called  from  the  tooth-like  form  of 
the  projecting  processes,  as  in  the  suture  between  the  parietal  bones.  In  the 


Fig.  303. — Section  across  the  sagittal  suture.  Fig.  304. — Section  through  occipitoephenoid  synchon¬ 

drosis  of  an  infant. 

sutura  serrata  the  edges  of  the  bones  are  serrated  like  the  teeth  of  a  fine  saw,  as 
between  the  two  portions  of  the  frontal  bone.  In  the  sutura  limbosa,  there  is  besides 
the  interlocking,  a  certain  degree  of  bevelling  of  the  articular  surfaces,  so  that  the 
bones  overlap  one  another,  as  in  the  suture  between  the  parietal  and  frontal  bones. 
When  the  articulation  is  formed  by  roughened  surfaces  placed  in  apposition  with 
one  another,  it  is  termed  a  false  suture  (, sutura  not  ha),  of  which  there  are  two  kinds: 
the  sutura  squamosa,  formed  by  the  overlapping  of  contiguous  bones  by  broad 
bevelled  margins,  as  in  the  squamosal  suture  between  the  temporal  and  parietal, 
and  the  sutura  harmonia,  where  there  is  simple  apposition  of  contiguous  rough 
surfaces,  as  in  the  articulation  between  the  maxillae,  or  between  the  horizontal 
parts  of  the  palatine  bones. 

Schindylesis. — Schindylesis  is  that  form  of  articulation  in  which  a  thin  plate 
of  bone  is  received  into  a  cleft  or  fissure  formed  by  the  separation  of  two  laminae  in 
another  bone,  as  in  the  articulation  of  the  rostrum  of  the  sphenoid  and  perpendicular 
plate  of  the  ethmoid  with  the  vomer,  or  in  the  reception  of  the  latter  in  the  fissure 
between  the  maxillae  and  between  the  palatine  bones. 

Gomphosis. — Gomphosis  is  articulation  by  the  insertion  of  a  conical  process  into 
a  socket;  this  is  not  illustrated  by  any  articulation  between  bones,  properly  so 
called,  but  is  seen  in  the  articulations  of  the  roots  of  the  teeth  with  the  alveoli 
of  the  mandible  and  maxillae. 

Synchondrosis. — Where  the  connecting  medium  is  cartilage  the  joint  is  termed 
a  synchondrosis  (Fig.  304).  This  is  a  temporary  form  of  joint,  for  the  cartilage 
is  converted  into  bone  before  adult  life.  Such  joints  are  found  between  the 
epiphyses  and  bodies  of  long  bones,  between  the  occipital  and  the  sphenoid  at, 
and  for  some  years  after,  birth,  and  between  the  petrous  portion  of  the  temporal 
and  the  jugular  process  of  the  occipital. 


CLASSIFICATION  OF  JOINTS 


Aropbiarihroses  (slightly  movable  artivaliilipnJi).—Ja  tht-s*:;  articulations  the 
.f.vturijja.'Mis  h-my  surfaces  arc  either  connect**!  bv  broad  flattened  disks  oMibru- 
wtslagy,  of  s' snore  os- less  e«>m{»!ex  strue- 

t?s?r,  sis  itt  tSie  aniailatusn?  between  fhfe.F  •  f &&&££&* Y-% 

biwiiei.  *3  t>-e  ver(ehr#;;or  are  united  by  &n  ':  ' 

ligament,  as  in  the  inferior  ■ « ;; . 

tibiofibular  artioulfttfon:'  The  first  form'  is  .  .  .  ■  '  '  '^^■^mwssisses^'J 

termed  a  symphysis  (Fig.  30%  the  second 
a  syndesmosis.  i 

Diajtbroses  (fredfr-itt&mfrU'  j0UeuJatMne^)..  p  [Ci  N.mT.  t}vrb/r;ii-:;i«t*t.i<’  r>cX4«>pi  4>f  A  WVijf»fi!iy’«8. 
—This  class  includes  the  greater  number  - 

of  the  joints  in  the  bodj:.  In  a  dtarf  hro'Ual  joint  t he.  contiguous- Itohy  surfaces 
art-  covered  with  articular 'oairtilage,  hy;:'sj,noyi8l 

membra  tie  (Fig.  3(M>i.  'Flic  joint  may  be  divided,  oomph-tidy  or  kteompletr  ly, 
by  an  articular  disk  or  meniscus,  the  periphery  of  .which  ih  continuous  with 
the  fibrous  capsule  while  its  free  surfaces  ary  covered  by  sviKrvia]  :  membrane 
(t’.g.  :.M*7j.  . 


..  stratum 

|  V .  in  cAjiihi^ 

■y.  ;A  rt  V  i'h\  r  fcfXi  U 


ijtkbiyti 


fra  ^ of  ft  .joint 


piaerurntriafiS  soeUfrh  oi  »  tliartJimltoii 
jou^t.  \vuli  .rn  ariictiliit  'iiwh 


The  varieties  of  }&#& ' have  been  det?nnfoe<l  by  ’’the  kirai  of  monon 
;•  nuitteTm  each.  There  are  two  varieties  in  which  the  movement  is  miiaxki,  that 
Ba'v’,^11  ;mowixiexits  .take  place  a&mrod  v##  axis*  In  o^e  iorln.  the  ginglymas, 
thh.  *%k\  b%  practically  ^peakingv  m  the.  other,  the  trochoid  or  pivot- 

jMt,  it  i.:<  longitudinal.  There  am  two  varieties  where  the  movement  'h  butMal, 
or  iirinioij  two  bwixoot*!.  axes  at  right  angk^  tn  eaoli  other,  or  at  any  intervening 
heaven  the  two,  These  are  the  ■toQadyW.i  ami  I  he  paddle-joint.  There  U 
one  form  where  the  movement  h  pol^yhii.  the  imart&rosiskir  batt-and-socket  joint; 
and  fitutlly  There  are  the  arthrodia  or  gliding  joint*. 

Groglyxras  or  Hingo-joiet.— In  this  form  the  articular  surfaces  are  moulded 
to  each  other  in  sufcjx  u  manner  aW-..t0:4K»rhut-  moiioii  0 lily  in  "one  plan^,:?5>msi:r(i 
are)  knekwanh  the  extent  of  motion  ai,  the  same  time  being  cmisiderahk?.  The 
d}m>T.tofi  khiek  the- dfet*d ib  seldom  in  the  same  plane 
a-  that  of -the  axis  of  the  proximal  bone;  there  is  usually  a  certain  amount  of  devia¬ 
tion  from  the  straight  line  during-  .flexion.  The  articular  surfaces  are  cormectcd 
toother  by  strong  cahateral  jigaxhent^  which  form  their  chief  bond  of  union. 
The  best  examples  of  gingSymus  are  the  lkt<?rj‘?hidahgeal  joints  and  the  joint  between 
the  ImmeruB-  and  ulna;  the  knee- -  and  ankfojoinb  are  less  ’typical,-  as  they  ^l(ow: 
*  slight  degree  '.of  :mt»t|<m  or  of  sidedo-side  movement  in  certain  positions  ’ of  the 
limb. 

Trochoid  or  Pivot-joint  ( ariicnlatio  if^fmtleai 'tQlijky  jttinfc ^-\VKere  tlk  moVeiheht 
is  limited  'to  rotation.  the  joluf  is  foroKwj  by  a  pivot-likc  process  turning  within 
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a  ring,  or  a  ring  on  a  pivot,  the  ring  being  formed  partly  of  bone,  partly  of  ligament. 
In  the  proximal  radioulnar  articulation,  the  ring  is  formed  by  the  radial  notch 
of  the  ulna  and  the  annular  ligament;  here,  the  head  of  the  radius  rotates  within 
the  ring.  In  the  articulation  of  the  odontoid  process  of  the  axis  with  the  atlas 
the  ring  is  formed  in  front  by  the  anterior  arch,  and  behind  by  the  transverse 
ligament  of  the  atlas;  here,  the  ring  rotates  around  the  odontoid  process. 

Condyloid  Articulation  (articulatio  ellipsoidea). — In  this  form  of  joint,  an  ovoid 
articular  surface,  or  condyle,  is  received  into  an  elliptical  cavity  in  such  a  manner 
as  to  permit  of  flexion,  extension,  adduction,  abduction,  and  circumduction,  but 
no  axial  rotation.  The  wrist-joint  is  an  example  of  this  form  of  articulation. 

Articulation  by  Reciprocal  Reception  (< articulatio  sellaris;  saddle-joint). — In  this 
variety  the  opposing  surfaces  are  reciprocally  concavo-convex.  The  movements 
are  the  same  as  in  the  preceding  form;  that  is  to  say,  flexion,  extension,  adduction, 
abduction,  and  circumduction  are  allowed ;  but  no  axial  rotation.  The  best  example 
of  this  form  is  the  carpometacarpal  joint  of  the  thumb. 

Enarthrosis  (ball-and-socket  joints). — Enarthrosis  is  a  joint  in  which  the  distal 
bone  is  capable  of  motion  around  an  indefinite  number  of  axes,  which  have  one 
common  center.  It  is  formed  by  the  reception  of  a  globular  head  into  a  cup-like 
cavity,  hence  the  name  “  ball-and-socket.,,  Examples  of  this  form  of  articulation 
are  found  in  the  hip  and  shoulder. 

Arthrodia  (gliding  joints)  is  a  joint  which  admits  of  only  gliding  movement;  it 
is  formed  by  the  apposition  of  plane  surfaces,  or  one  slightly  concave,  the  other 
slightly  convex,  the  amount  of  motion  between  them  being  limited  by  the  ligaments 
or  osseous  processes  surrounding  the  articulation.  It  is  the  form  present  in  the 
joints  between  the  articular  processes  of  the  vertebra,  the  carpal  joints,  except 
that  of  the  capitate  with  the  navicular  and  lunate,  and  the  tarsal  joints  with  the 
exception  of  that  between  the  talus  and  the  navicular. 


THE  KINDS  OF  MOVEMENT  ADMITTED  IN  JOINTS. 

The  movements  admissible  in  joints  may  be  divided  into  four  kinds:  gliding 
and  angular  movements,  circumduction,  and  rotation.  These  movements  are  often, 
however,  more  or  less  combined  in  the  various  joints,  so  as  to  produce  an  infinite 
variety,  and  it  is  seldom  that  only  one  kind  of  motion  is  found  in  any  particular 
joint. 

Gliding  Movement. — Gliding  movement  is  the  simplest  kind  of  motion  that  can 
take  place  in  a  joint,  one  surface  gliding  or  moving  over  another  without  any 
angular  or  rotatory  movement.  It  is  common  to  all  movable  joints;  but  in  some, 
as  in  most  of  the  articulations  of  the  carpus  and  tarsus,  it  is  the  only  motion  per¬ 
mitted.  This  movement  is  not  confined  to  plane  surfaces,  but  may  exist  between 
any  two  contiguous  surfaces,  of  whatever  form. 

Angular  Movement.— Angular  movement  occurs  only  between  the  long  bones, 
and  by  it  the  angle  between  the  two  bones  is  increased  or  diminished.  It  may 
take  place:  (1)  forward  and  backward,  constituting  flexion  and  extension;  or  (2) 
toward  and  from  the  median  plane  of  the  body,  or,  in  the  case  of  the  fingers  or 
toes,  from  the  middle  line  of  the  hand  or  foot,  constituting  adduction  and  abduction. 
The  strictly  ginglymoid  or  hinge-joints  admit  of  flexion  and  extension  only.  Abduc¬ 
tion  and  adduction,  combined  with  flexion  and  extension,  are  met  with  in  the  more 
movable  joints;  as  in  the  hip,  the  shoulder,  the  wrist,  and  the  carpometacarpal 
joint  of  the  thumb. 

Circumduction. — Circumduction  is  that  form  of  motion  which  takes  place  between 
the  head  of  a  bone  and  its  articular  cavity,  when  the  bone  is  made  to  circumscribe 
a  conical  space;  the  base  of  the  cone  is  described  by  the  distal  end  of  the  bone. 
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the  apex  is  in  the  articular  cavity;  this  kind  of  motion  is  best  seen  in  the  shoulder- 
and  hip-joints. 

Rotation. — Rotation  is  a  form  of  movement  in  which  a  bone  moves  around  a 
central  axis  without  undergoing  any  displacement  from  this  axis;  the  axis  of  rota¬ 
tion  may  lie  in  a  separate  bone,  as  in  the  case  of  the  pivot  formed  by  the  odontoid 
process  of  the  axis  vertebrae  around  which  the  atlas  turns;  or  a  bone  may  rotate 
around  its  own  longitudinal  axis,  as  in  the  rotation  of  the  humerus  at  the  shoulder- 
joint  ;  or  the  axis  of  rotation  may  not  be  quite  parallel  to  the  long  axis  of  the 
bone,  as  in  the  movement  of  the  radius  on  the  ulna  during  pronation  and  supina¬ 
tion  of  the  hand,  where  it  is  represented  by  a  line  connecting  the  center  of  the 
head  of  the  radius  above  with  the  center  of  the  head  of  the  ulna  below. 

Ligamentous  Action  of  Muscles. — The  movements  of  the  different  joints  of  a  limb  are  combined 
by  means  of  the  long  muscles  passing  over  more  than  one  joint.  These,  when  relaxed  and  stretched 
to  their  greatest  extent,  act  as  elastic  ligaments  in  restraining  certain  movements  of  one  joint, 
except  when  combined  with  corresponding  movements  of  the  other — the  latter  movements  being 
usually  in  the  opposite  direction.  Thus  the  shortness  of  the  hamstring  muscles  prevents  com¬ 
plete  flexion  of  the  hip,  unless  the  knee-joint  is  also  flexed  so  as  to  bring  their  attachments  nearer 
together.  The  uses  of  this  arrangement  are  threefold:  (1)  It  coordinates  the  kinds  of  move¬ 
ments  which  are  the  most  habitual  and  necessary,  and  enables  them  to  be  performed  with  the 
least  expenditure  of  power.  (2)  It  enables  the  short  muscles  which  pass  over  only  one  joint  to 
act  upon  more  than  one.  (3)  It  provides  the  joints  with  ligaments  which,  while  they  are  of  very 
great  power  in  resisting  movements  to  an  extent  incompatible  with  the  mechanism  of  the  joint, 
at  the  same  time  spontaneously  yield  when  necessary. 

The  interarticular  disks  are  concerned  in  maintaining  the  stability  of  the  joints. 


ARTICULATIONS  OF  THE  TRUNK. 

These  may  be  divided  into  the  following  groups,  viz.: 

I.  Of  the  Vertebral  Column.  VI.  Of  the  Cartilages  of  the  Ribs  with  the 

II.  Of  the  Atlas  with  the  Axis.  Sternum,  and  with  Each  Other. 

III.  Of  the  Vertebral  Column  with  VII.  Of  the  Sternum. 

the  Cranium.  VIII.  Of  the  Vertebral  Column  with  the 

IV.  Of  the  Mandible.  Pelvis. 

V.  Of  the  Ribs  with  the  Vertebrae.  IX.  Of  the  Pelvis. 

I.  Articulations  of  the  Vertebral  Column. 

The  articulations  of  the  vertebral  column  consist  of  (1)  a  series  of  amphi- 
arthrodial  joints  between  the  vertebral  bodies,  and  (2)  a  series  of  diathrodial 
joints  between  the  vertebral  arches. 

1.  Articulations  of  Vertebral  Bodies  ( intercentral  ligaments ). — The  articulations 
between  the  bodies  of  the  vertebrae  are  amphiarthrodial  joints,  and  the  individual 
vertebrae  move  only  slightly  on  each  other.  When,  however,  this  slight  degree 
of  movement  between  the  pairs  of  bones  takes  place  in  all  the  joints  of  the  vertebral 
column,  the  total  range  of  movement  is  very  considerable.  The  ligaments  of  these 
articulations  are  the  following: 

The  Anterior  Longitudinal.  The  Posterior  Longitudinal. 

The  Intervertebral  Fibrocartilages. 

The  Anterior  Longitudinal  Ligament  ( ligamentum  longitudinale  anterius;  anterior 
common  ligament)  (Figs.  308,  319). — The  anterior  longitudinal  ligament  is  a  broad 
and  strong  band  of  fibers,  which  extends  along  the  anterior  surfaces  of  the  bodies 
of  the  vertebrae,  from  the  axis  to  the  sacrum.  It  is  broader  below  than  above. 
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thicker  in  the  thoracic  than  in  the  cervical  and  lumbar  regions,  and  somewhat 
thicker  opposite  the  bodies  of  the  vertebrae  than  opposite  the  intervertebral  fibro- 
cartilages.  It  is  attached,  above,  to  the  body  of  the  axis,  where  it  is  continuous 
with  the  anterior  atlantoaxial  ligament,  and  extends  down  as  far  as  the  upper 
part  of  the  front  of  the  sacrum.  It  consists  of  dense  longitudinal  fibers,  which 
are  intimately  adherent  to  the  intervertebral  fibroeartilages  and  the  prominent 
margins  of  the  vertebra*.,  but  not  to  the  middle  parts  of  the  bodies.  In  the  latter 
situation  the  ligament  is  thick  and  serves  to  fill  up  the  concavities  on  the  anterior 
surfaces,  and  to  make  the  front  of  the  vertebral  column  more  even.  It  is  composed 
of  several  layers  of  fibers,  which  vary  in  length,  but  are  closely  interlaced  with 
each  other.  The  most  superficial  fibers  are  the  longest  and  extend  between  four 
or  five  vertebra*.  A  second,  subjacent  set  extends  between  two  or  three  vertebrae; 
while  a  third  set,  the  shortest  and  deepest,  reaches  from  one  vertebra  to  the  next. 
At  the  sides  of  the  bodies  the  ligament  consists  of  a  few  short  fibers  which  pass 
from  one  vertebra  to  the  next,  separated  from  the  concavities  of  the  vertebral 
v-.  - - passage  of  vessels. 


Fro.  308.  — Median  sagittal  section  of  t.«vo  lumbar  vertebrae  and  their  ligaments. 


The  Posterior  Longitudinal  Ligament  ( l igamentum  longitudi nale  posterivs;  posterior 
common  ligament)  {Figs.  308,  309). — The  posterior  longitudinal  ligament  is  situated 
within  the  vertebral  canal,  and  extends  along  the  posterior  surfaces  of  the  Inxlies 
of  the  vertebra?,  from  the  body  of  the  axis,  where  it  is  continuous  w  ith  the  membrana 
teetoria,  to  the  sacrum.  It  is  broader  above  than  below,  and  thicker  in  the  thoracic 
than  in  the  cervical  and  lumbar  regions.  In  the  situation  of  the  intervertebral 
fibroeartilages  and  contiguous  margins  of  the  vertebrae,  where  the  ligament  is  more 
intimately  adherent,  it  is  broad,  and  in  the  thoracic  and  lumbar  regions  presents 
a  series  of  dentations  w  ith  intervening  concave  margins;  but  it  is  narrow  and  thick 
over  the  centers  of  the  bodies,  from  which  it  is  separated  by  the  basivertebral 
veins.  This  ligament  is  composed  of  smooth,  shining,  longitudinal  fibers,  denser 
aiid  more  compact  than  those  of  the  anterior  ligament,  and  consists  of  superficial 
layers  occupying  the  interval  between  three  or  four  vertebras,  and  deeper  layers 
which  extend  between  adjacent  vertebra?. 
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The  Intervertebral  Fibrocartilages  ( fihtocariilagine 4  intervertebrales ;  intertertebral 
disks)  (Figs,  308,  320). — The  intervertebral  fibrocartilages  are  interposed  between 
the  adjacent  surfaces  of  the  bodies  of  the  vertebrae,  from  the  axis  to  the  sacrum, 
and  form  the  chief  bonds  of  connection  between  the  vertebra?.  They  vary  in  shape, 
size,  ami  thickness,  in  different  parts  of  the  vertebral  column.  In  shape  'and  size 
they  correspond  w  ith  the  surfaces  of  the  bodies  between  which  they  are  placed, 
except  in  the  cervical  region,  where  they  are  slightly  smaller  from  side  to  side  than 
the  corresponding  bodies.  In  thickness  they  vary  not  only  in  the  different  regions 
of  the  column,  but  in  different  parts  of  the  same  fibrocartilage;  they  are  thicker 
in  front  than  behind  in  the  cervical 
and  lumbar  regions,  and  thus  con¬ 
tribute  to  the  anterior  convexities 
of  these  parts  of  the  column;  while 
they  are  of  nearly  uniform  thick¬ 
ness  in  the  thoracic  region,  the 
anterior  concavity  of  this  part  of 
the  column  being  most  entirely 
ow  ing  to  the  shape  of  the  vertebral 
bodies.  The  intervertebral  fibro¬ 
cartilages  constitute  about  one- 
fourth  of  the  length  of  the  verte¬ 
bral  column,  exclusive  of  the  first 
two  vertebra?;  but  this  amount  is 
not  equally  distributed  between 
the  various  bones,  the  cervical  and 
lumbar  portions  having,  in  propor¬ 
tion  to  their  length,  a  much  greater 
amount  than  the  thoracic  region, 
with  the  result  that  these  parts 
possess  greater  pliancy  and  free¬ 
dom  of  movement.  The  inter¬ 
vertebral  fibrocartilages  are  ad¬ 
herent,  by  their  surfaces,  to  thin 
Layers  of  hyaline  cartilage  which 
cover  the  upper  and  under  surfaces 
of  the  bodies  of  the  vertebrae;  in 
the  lower  cervical  vertebra?,  however,  small  joints  lined  by  synovial  membrane 
are  occasionally  present  between  the  upper  surfaces  of  the  bodies  and  the  margins 
of  tiie  fibrocartilages  on  either  side.  By  their  circumferences  the  intervertebral 
fibrocartilages  are  closely  connected  in  front  to  the  anterior,  and  behind  to  the 
posterior,  longitudinal  ligaments.  In  the  thoracic  region  they  are  joined  laterally, 
by  means  of  the  interart icular  ligaments,  to  the  heads  of  those  ribs  which  articulate 
with  two  vertebrae. 

Structure  of  the  Intervertebral  Fibrocartilages. — Each  is  composed,  at  its  circumference,  of 
laming  of  fibrous  tissue  and  fibrocartilage,  forming  the  annulus  Jibrome;  and,  at  its  center,  of 
a  soft,  pulpy,  highly  elastic  substance,  of  a  yellowish  color,  which  projects  considerably  above 
the  surrounding  level  when  the  disk  is  divided  horizontally.  This  pulpy  substance  {nucleus 
yulpjsuji),  especially  well-developed  in  the  lumbar  region,  is  the  remains  of  the  notochord.  The 
Laminar  are  arranged  concentrically;  the  outermost  consist  of  ordinary  fibrous  tissue,  the  others 
of  white  fibrocartilage.  The  lamina)  are  not  quite  vertical  in  their  direction,  those  near  the  cir¬ 
cumference  bcdng  curved  outward  and  closely  approximated;  while  those  nearest  the  center 
curve  in  the  opposite  direction,  and  are  somewhat  more  widely  separated.  The  fibers  of  which 
each  lamina  is  composed  are  directed,  for  the  most  part,  obliquely  from  above  downward,  the 
fibers  of  adjacent  laminae  passing  in  opposite  directions  and  varying  in  every  layer;  so  that  the 
fibers  of  one  layer  are  directed  across  those  of  another,  like  the  limbs  of  the  letter  X.  This  laminar 
arrangement  belongs  to  about  the  outer  half  of  each  fibrocartilage.  The  pulpy  substance  presents 
id 


Fio.  300. — Posterior  longitudinal  ligament  of  the  vertebrae  in  the 
lumbar  region. 
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no  such  arranasmeat,  awl  winsists  of  o  fine  fibroua  innfrix,  containing  angular  celia  united  to 
form  a  reticular  structure.  .  " 

The  intervertebral  hLUoeattilasea  ju»  important  atmeH  absgrl  yr*.  Under  pre&f.ure  the  tuehlj- 
elastic  nucleus  patpiNus  Incomes  flatter  and  hroader  tin.!  pushes  the inure  rnstautat  fibrous  l&fnioae 
outwit  hvhU  direction*  .  ■.  '  ,  ' 


2.  Articulations  of  Vertebral  Arches.— The  joints  ■  'between  the  articular  pro¬ 
cesses  of  the  vertebra?  belong1  to  the  artlm.Krial  v^Hety  nrul  are  enveloped  by 
Capsules  lined  b^  %novutl  tmnnbfanes;  and  transverse 

processes  are  connected  by  the  following  15ga:ta.«it.v, 

The  Ligamenta  FlavA.  The  Tagnmentnin  Xur-ha*. 

The  Supraspinal.  The  Interspinal. 
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sacrum;  at  the  points  of  attachment  to  the  tips  of  the  spinous  processes  fibro- 
cartilage  is  developed  in  the  ligament.  It  is  thicker  and  broader  in  the  lumbar 
than  in  the  thoracic  region,  and  intimately  blended,  in  both  situations,  with  the 
neighboring  fascia.  The  most  superficial  fibers  of  this  ligament  extend  over  three 
or  four  vertebrae;  those  more  deeply  seated  pass  between  two  or  three  vertebrae; 
while  the  deepest  connect  the  spinous  processes  of  neighboring  vertebrae.  Between 
the  spinous  processes  it  is  continuous  with  the  interspinal  ligaments.  It  is  con¬ 
tinued  upward  to  the  external  occipital  protuberance  and  median  nuchal  line,  as 
the  ligamentum  nuchae. 

The  Ligamentum  Nucha. — The  ligamentum  nuchae  is  a  fibrous  membrane,  which, 
in  the  neck,  represents  the  supraspinal  ligaments  of  the  lower  vertebrae.  It  extends 
from  the  external  occipital  protuberance  and  median  nuchal  line  to  the  spinous 
process  of  the  seventh  cervical  vertebra.  From  its  anterior  border  a  fibrous  lamina 
is  given  off,  which  is  attached  to  the  posterior  tubercle  of  the  atlas,  and  to  the 
spinous  processes  of  the  cervical  vertebrae,  and  forms  a  septum  between  the  muscles 
on  either  side  of  the  neck.  In  man  it  is  merely  the  rudiment  of  an  important  elastic 
ligament,  which,  in  some  of  the  lower  animals,  serves  to  sustain  the  weight  of  the 
head. 

The  Interspinal  Ligaments  {ligamenta  inter spinalia;  interspinous  ligaments) 
(Fig.  308). — The  interspinal  ligaments  thin  and  membranous,  connect  adjoining 
spinous  processes  and  extend  from  the  root  to  the  apex  of  each  process.  They 
meet  the  ligamenta  flava  in  front  and  the  supraspinal  ligament  behind.  They 
are  narrow*  and  elongated  in  the  thoracic  region;  broader,  thicker,  and  quadrilateral 
in  form  in  the  lumbar  region;  and  only  slightly  developed  in  the  neck. 

The  Intertransverse  Ligaments  {ligamenta  intertransversaria) . — The  intertransverse 
ligaments  are  interposed  between  the  transverse  processes.  In  the  cervical  region 
they  consist  of  a  few*  irregular,  scattered  fibers;  in  the  thoracic  region  they  are 
rounded  cords  intimately  connected  with  the  deep  muscles  of  the  back;  in  the 
lumbar  region  they  are  thin  and  membranous. 

Movements. — The  movements  permitted  in  the  vertebral  column  are:  flexion  t  extension 
lateral  movement ,  circumduction ,  and  rotation. 

In  flexion,  or  movement  forward,  the  anterior  longitudinal  ligament  is  relaxed,  and  the  inter¬ 
vertebral  fibrocartilages  are  compressed  in  front;  while  the  posterior  longitudinal  ligament,  the 
ligamenta  flava,  and  the  inter-  and  supraspinal  ligaments  are  stretched,  as  well  as  the  posterior 
fibers  of  the  intervertebral  fibrocartilages.  The  interspaces  between  the  laminae  are  widened, 
and  the  inferior  articular  processes  glide  upward,  upon  the  superior  articular  processes  of  the 
subjacent  vertebra?.  Flexion  is  the  most  extensive  of  all  the  movements  of  the  vertebral  column, 
and  is  freest  in  the  lumbar  region. 

In  extension,  or  movement  backward,  an  exactly  opposite  disposition  of  the  parts  takes  place. 
This  movement  is  limited  by  the  anterior  longitudinal  ligament,  and  by  the  approximation  of 
the  spinous  processes.  It  is  freest  in  the  cervical  region. 

In  lateral  movement,  the  sides  of  the  intervertebral  fibrocartilages  are  compressed,  the  extent 
of  motion  being  limited  by  the  resistance  offered  by  the  surrounding  ligaments.  This  movement 
may  take  place  in  any  part  of  the  column,  but  is  freest  in  the  cervical  and  lumbar  regions. 

Circumduction  is  very  limited,  and  is  merely  a  succession  of  the  preceding  movements. 

Rotation  is  produced  by  the  twisting  of  the  intervertebral  fibrocartilages;  this,  although  only 
•light  between  any  two  vertebrae,  allows  of  a  considerable  extent  of  movement  when  it  takes  place 
in  the  whole  length  of  the  column,  the  front  of  the  upper  part  of  the  coluipn  being  turned  to  one 
or  other  side.  This  movement  occurs  to  a  slight  extent  in  the  cervical  region,  is  freer  in  the  upper 
part  of  the  thoracic  region,  and  absent  in  the  lumbar  region. 

The  extent  and  variety  of  the  movements  are  influenced  by  the  shape  and  direction  of  the 
articular  surfaces.  In  the  cervical  region  the  upward  inclination  of  the  superior  articular  surfaces 
allows  of  free  flexion  and  extension.  Extension  can  be  carried  farther  than  flexion;  at  the  upper 
end  of  the  region  it  is  checked  by  the  locking  of  the  posterior  edges  of  the  superior  atlantal  facets 
in  the  condyloid  fossae  of  the  occipital  bone;  at  the  lower  end  it  is  limited  by  a  mechanism  whereby 
the  inferior  articular  processes  of  the  seventh  cervical  vertebra  slip  into  grooves  behind  and 
hebw  the  superior  articular  processes  of  the  first  thoracic.  Flexion  is  arrested  just  beyond  the 
point  where  the  cervical  convexity  is  straightened;  the  movement  is  checked  by  the  apposition 
of  the  projecting  lower  lips  of  the  bodies  of  the  vertebrae  with  the  shelving  surfaces  on  the  bodies 
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of  the  subjacent  vertebrae.  Lateral  flexion  and  rotation  are  free  in  the  cervical  region  ;  they  art*, 
however,  always  combined.  The  upward  and  medial  inclinations  of  the  superior  articular  surfaces 
impart  a  rotatory  movement  during  lateral  flexion,  while  pure  rotation  is  prevented  by  the  slight 
medial  slope  of  these  surfaces. 

In  the  thoracic  region,  notably  in  its  upper  part,  all  the  movements  are  limited  in  order  to 
reduce  interference  with  respiration  to  a  minimum.  The  almost  complete  absence  of  an  upward 
inclination  of  the  superior  articular  surfaces  prohibits  any  marked  flexion,  while  extension  is 
checked  by  the  contact  of  the  inferior  articular  margins  with  the  laminae,  and  the  contact  of  the 
spinous  processes  with  one  another.  The  mechanism  between  the  seventh  cervical  and  the  first 
thoracic  vertebra?,  which  limits  extension  of  the  cervical  region,  wall  also  serve  to  limit  flexion  of 
the  thoracic  region  when  the  neck  is  extended.  Rotation  is  free  in  the  thoracic  region:  the 
superior  articular  processes  are  segments,  of  a  cylinder  whose  axis  is  in  the  mid-ventral  line  of  the 
vertebral  bodies.  The  direction  of  the  articular  facets  would  allow  of  free  lateral  flexion,  but 
this  movement  is  considerably  limited  in  the  upper  part  of  the  region  by  the  resistance  of  the 
ribs  and  sternum. 

In  the  lumbar  region  flexion  and  extension  are  free.  Flexion  can  be  carried  farther  than  exten¬ 
sion,  and  is  possible  to  just  beyond  t  he  straightening  of  the  lumbar  curve;  it  is,  therefore,  greatest 
at  the  lowest  part  where  the  curve  is  sharpest.  The  inferior  articular  facets  are  not  in  close  appo¬ 
sition  with  the  superior  facets  of  the  subjacent  vertebra?,  and  on  this  account  a  considerable 
amount  of  lateral  flexion  is  permitted.  For  the  same  reason  a  slight  amount  of  rotation  can  he 
carried  out,  but  this  is  so  soon  checked  by  the  interlocking  of  the  articular  surfaces  that  it  is 
negligible. 

The  principal  muscles  which  produce  flexion  are  the  Sterooeleidomastoideus,  Longus  capitis, 
and  Longus  colli;  the  Scaleni;  the  abdominal  muscles  and  the  Psoas  major.  Extension  is  produced 
by  the  intrinsic  muscles  of  the  back,  assisted  in  the  neck  by  the  Splenius,  Semispinales  dorsi  and 
cervicis,  and  the  Multifidus.  Lateral  motion  is  produced  by  the  intrinsic  muscles  of  the  back 
by  the  Splenius,  the  Scaleni,  the  Quadratus  lumbprura,  and  the  Psoas  major,  the  muscles  of  one 
side  only  acting;  and  rotation  by  the  action  of  the  following  muscles  of  one  side  only,  viz.,  the 
Sternoeleidomastoideus,  the  Longus  capitis,  the  Scaleni,  the  Multifidus,  the  Semispmalis  capitis, 
and  the  abdominal  muscles. 


II.  Articulation  of  the  Atlas  with  the  Epistropheus  or  Axis  (Articulatio 

Atlantoepistrophica) . 

The  articulation  of  the  atlas  with  the  axis  is  of  a  complicated  nature,  com¬ 
prising  no  fewer  than  four  distinct  joints.  There  is  a  pivot  articulation  between 
the  odontoid  process  of  the  axis  and  the  ring  formed  by  the  anterior  arch  and 
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the  tran  verse  ligament  of  the  atlas  (see  Fig.  313);  here  there  are  two  joints:  one 
between  the  posterior  surface  of  the  anterior  arch  of  the  atlas  and  the  front  of 
the  odontoid  process;  the  other  between  the  anterior  surface  of  the  ligament  and 
the  back  of  the  process.  Between  the  articular  processes  of  the  two  bones  there 
is  on  either  side  an  arthrodial  or  gliding  joint.  The  ligaments  connecting  these 
bones  are: 

Two  Articular  Capsules.  The  Posterior  Atlantoaxial. 

The  Anterior  Atlantoaxial.  The  Transverse. 
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The  Articular  Capsules  (capsulw  articular  es:  capsular  ligaments ^ — The  articular 
capsules  are  thin  and  loose,  and  connect  the  margins  of  the  lateral  masses  of  the 
atlas  with  those  of  the  posterior  articular  surfaces  of  the  axis.  Each  is  streftgth- 


Fig.  31 Z. — Articulation  between  odontoid  process  iund  atlas. 


ened  at  its  posterior  and  medial  part  by  an  accessory  ligament,  which  is  attached 
below  to  the  body  of  the  axis  hear  the  base  of  the  odontoid  process,  and  above 
to  the  lateral  mass  of  the  atlas  near  the  transverse  ligament. 
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The  Anterior  Atlantoaxial  Ligament  (Fig.  311). — This  ligament  is  a  strong  mem¬ 
brane,  fixed,  above ,  to  the  lower  border  of  the  anterior  arch  of  the  atlas;  below , 
to  the  front  of  the  body  of  the  axis.  It  is  strengthened  in  the  middle  line  by  a 
rounded  cord,  which  connects  the  tubercle  on  the  anterior  arch  of  the  atlas  to  the 
body  of  the  axis,  and  is  a  continuation  upward  of  the  anterior  longitudinal  liga¬ 
ment.  The  ligament  is  in  relation,  in  front,  with  the  Longi  capitis. 

The  Posterior  Atlantoaxial  Ligament  (Fig.  312). — This  ligament  is  a  broad,  thin 
membrane  attached,  above ,  to  the  lower  border  of  the  posterior  arch  of  the  atlas; 
below ,  to  the  upper  edges  of  the  laminae  of  the  axis.  It  supplies  the  place  of 
the  ligamenta  flava,  and  is  in  relation,  behind ,  with  the  Obliqui  capitis  inferiores. 

The  Transverse  Ligament  of  the  Atlas  ( ligamentum  transversum  atlantis)  (Figs. 
313,314,  315). — The  transverse  ligament  of  the  atlas  is  a  thick,  strong  band,  which 
arches  across  the  ring  of  the  atlas,  and  retains  the  odontoid  process  in  contact  with 
the  anterior  arch.  It  is  concave  in  front,  convex  behind,  broader  and  thicker  in 
the  middle  than  at  the  ends,  and  firmly  attached  on  either  side  to  a  small  tubercle 
on  the  medial  surface  of  the  lateral  mass  of  the  atlas.  As  it  crosses  the  odontoid 
process,  a  small  fasciculus  (crus  mperius)  is  prolonged  upward,  and  another  (crus 
inferius)  downward,  from  the  superficial  or  posterior  fibers  of  the  ligament.  The 
former  is  attached  to  the  basilar  part  of  the  occipital  bone,  in  close  relation  with 
the  membrana  tectoria;  the  latter  is  fixed  to  the  posterior  surface  of  the  body 
of  the  axis;  hence,  the  whole  ligament  is  named  the  crociate  ligament  of  the  atlas. 
The  transverse  ligament  divides  the  ring  of  the  atlas  into  two  unequal  parts: 
of  these,  the  posterior  and  larger  serves  for  the  transmission  of  the  medulla  spinalis 
and  its  membranes  and  the  accessory  nerves;  the  anterior  and  smaller  contains 
the  odontoid  process.  The  neck  of  the  odontoid  process  is  constricted  where  it  is 
embraced  posteriorly  by  the  transverse  ligament,  so  that  this  ligament  suffices 
to  retain  the  odontoid  process  in  position  after  all  the  other  ligaments  have  been 
divided. 

8ynorial  Membranes. — There  is  a  synovial  membrane  for  each  of  the  four  joints;  the  joint 
cavity  between  the  odontoid  process  and  the  transverse  ligament  is  often  continuous  with  those 
of  the  atlantooccipital  articulations. 

Movements. — The  opposed  articular  surfaces  of  the  atlas  and  axis  are  not  reciprocally  curved; 
both  surfaces  are  convex  in  their  long  axes.  When,  therefore,  the  upper  facet  glides  forward 
on  the  lower  it  also  descends;  the  fibers  of  the  articular  capsule  are  relaxed  in  a  vertical  direc¬ 
tion,  and  will  then  permit  of  movement  in  an  antero-posterior  direction.  By  this  means  a 
shorter  capsule  suffices  and  the  strength  of  the  joint  is  materially  increased.1 

This  joint  allows  the  rotation  of  the  atlas  (and,  with  it,  the  skull)  upon  the  axis,  the  extent 
of  rotation  being  limited  by  the  alar  ligaments. 

The  principal  muscles  by  which  these  movements  are  produced  are  the  Sternocleidomastoideus 
and  Semispinalis  capitis  of  one  side,  acting  with  the  Longus  capitis,  Splenius,  Longissimus  capitis, 
Kectus  capitis  posterior  major,  and  Obliqui  capitis  superior  and  inferior  of  the  other  side. 

m.  Articulations  of  the  Vertebral  Column  with  the  Cranium. 

The  ligaments  connecting  the  vertebral  column  with  the  cranium  may  be 
divided  into  two  sets:  those  uniting  the  atlas  with  the  occipital  bone,  and  those 
connecting  the  axis  with  the  occipital  bone. 

Articulation  of  the  Atlas  with  the  Occipital  Bone  (articulatio  atlantooccipitalis). 
—The  articulation  between  the  atlas  and  the  occipital  bone  consists  of  a  pair  of 
condyloid  joints.  The  ligaments  connecting  the  bones  arfc: 

Tw  o  Articular  Capsules.  The  Posterior  Atlantooccipital 

The  Anterior  Atlantooccipital  membrane. 

membrane.  Two  Lateral  Atlantodccipital. 

‘Corner  (“The  Physiology  of  the  Atlanto-axial  Joints,”  Journal  of  Anatomy  and  Physiology,  vol.  41)  states  that 
the  movements  which  take  place  at  these  articulations  are  of  a  complex  nature.  The  first  part  of  the  movement  is 
jo  eccentric  or  asymmetrical  one;  the  atlanto*axial  joint  of  the  side  to  which  the  head  is  moved  is  fixed,  or  practically 
hwd.  by  the  muscles  of  the  neck,  and  forms  the  center  of  the  movement,  while  the  opposite  atlantal  facet  i9  carried 
downward  and  forward  on  the  corresponding  axial  facet.  The  second  part  of  the  movement  is  centric  and  symmetrical, 
the  odontoid  process  forming  the  axis  of  the  movement. 
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The  Articular  Capsules  ( capsidce  articulares;  capsular  ligaments). — The  articular 
capsules  surround  the  condyles  of  the  occipital  bone,  and  connect  them  with  the 
articular  processes  of  the  atlas:  they  are  thin  and  loose. 

The  Anterior  Atlantooccipital  Membrane  (membrana  atlantooccipitalis  anterior; 
anterior  atlantooccipital  ligament)  (Fig.  311). — The  anterior  atlantooccipital  mem¬ 
brane  is  broad  and  composed  of  densely  woven  fibers,  which  pass  between  the 
anterior  margin  of  the  foramen  magnum  above,  and  the  upper  border  of  the 
anterior  arch  of  the  atlas  below;  laterally,  it  is  continuous  writh  the  articular 
capsules;  in  front,  it  is  strengthened  in  the  middle  line  by  a  strong,  rounded 
cord,  which  connects  the  basilar  part  of  the  occipital  bone  to  the  tubercle  on  the 
anterior  arch  of  the  atlas.  This  membrane  is  in  relation  in  front  with  the  Recti 
capitis  anteriores,  behind  with  the  alar  ligaments. 

The  Posterior  Atlantooccipital  Membrane  (i membrana  atlantooccipitalis  posterior; 
posterior  atlantooccipital  ligament)  (Fig.  312). — The  posterior  atlantooccipital  mem¬ 
brane,  broad  but  thin,  is  connected  above,  to  the  posterior  margin  of  the  foramen 
magnum;  below,  to  the  upper  border  of  the  posterior  arch  of  the  atlas.  On  either 
side  this  membrane  is  defective  below,  over  the  groove  for  the  vertebral  artery; 
and  forms  with  this  groove  an  opening  for  the  entrance  of  the  artery  and  the 
exit  of  the  suboccipital  nerve.  The  free  border  of  the  membrane,  arching  over 
the  artery  and  nerve,  is  sometimes  ossified.  The  membrane  is  in  relation,  behind , 
with  the  Recti  capitis  posteriores  minores  and  Obliqui  capitis  superiores;  in  front, 
with  the  dura  mater  of  the  vertebral  canal,  to  which  it  is  intimately  adherent. 

The  Lateral  Ligaments. — The  lateral  ligaments  are  thickened  portions  of  the 
articular  capsules,  reinforced  by  bundles  of  fibrous  tissue,  and  are  directed  obliquely 
upward  and  medialward;  they  are  attached  above  to  the  jugular  processes  of  the 
occipital  bone,  and  below,  to  the  bases  of  the  transverse  processes  of  the  atlas. 

Synovial  Membranes. — There  are  two  synovial  membranes:  one  lining  each  of  the  articular 
capsules.  The  joints  frequently  communicate  with  that  between  the  posterior  surface  of  the 
odontoid  process  and  the  transverse  ligament  of  the  atlas. 

Movements. — The  movements  permitted  in  this  joint  are  (o)  flexion  and  extension,  which 
give  rise  to  the  ordinary  forward  and  backward  nodding  of  the  head,  and  (6)  slight  lateral  motion 
to  one  or  other  side.  Flexion  is  produced  mainly  by  the  action  of  the  Longi  capitis  and  Recti 
capitis  anteriores;  extension  by  the  Recti  capitis  posteriores  major  and  minor,  the  Obliquus  su¬ 
perior,  the  Semispinalis  capitis,  Splenius  capitis,  Sternocleidomastoideus,  and  upper  fibers  of  the 
Trapezius.  The  Recti  laterales  are  concerned  in  the  lateral  movement ,  assisted  by  the  Trapezius, 
Splenius  capitis,  Semispinalis  capitis,  and  the  Sternocleidomastoideus  of  the  same  side,  all  acting 
together. 

Ligaments  Connecting  the  Axis  with  the  Occipital  Bone. — 

The  Membrana  Tectoria.  Two  Alar.  The  Apical  Odontoid. 

The  Membrana  Tectoria  ( occipitoaxial  ligament)  (Figs.  314,  315). — The  mem¬ 
brana  tectoria  is  situated  within  the  vertebral  canal.  It  is  a  broad,  strong  bands 
which  covers  the  odontoid  process  and  its  ligaments,  and  appears  to  be  a  prolon¬ 
gation  upward  of  the  posterior  longitudinal  ligament  of  the  vertebral  column.  It 
is  fixed,  below,  to  the  posterior  surface  of  the  body  of  the  axis,  and,  expanding  as 
it  ascends,  is  attached  to  the  basilar  groove  of  the  occipital  bone,  in  front  of  the 
foramen  magnum,  where  it  blends  with  the  cranial  dura  mater.  Its  anterior  sur¬ 
face  is  in  relation  with  the  transverse  ligament  of  the  atlas,  and  its  posterior 
surface  with  the  dura  mater. 

The  Alar  Ligaments  ( ligamenta  alaria;  odontoid  ligaments)  (Fig.  314). — The  alar 
ligaments  are  strong,  rounded  cords,  which  arise  one  on  either  side  of  the  upper 
part  of  the  odontoid  process,  and,  passing  obliquely  upward  and  lateralward,  are 
inserted  into  the  rough  depressions  on  the  medial  sides  of  the  condyles  of  the  occipi¬ 
tal  bone.  In  the  triangular  interval  between  these  ligaments  is  another  fibrous 
cord,  the  apical  odontoid  ligament  (Fig.  315),  w  hich  extends  from  the  tip  of  the  odon- 
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toid  process  to  the  anterior  margin  of  the  foramen  magnum,  being  intimately 
blended  with  the  deep  portion  of  the  anterior  atlantooecipital  membrane  and 
superior  crus  of  the  transverse  ligament  of  the  atlas*  It  is  regarded  as  a  rudimentary 
intervertebral  fibroeartilage,  and  in  it  traces  of  the  notochord  may  persist.  The 
alar  ligaments  limit  rotation  of  the  cranium  and  therefore  receive  the  name  of 
check  ligaments. 

In  addition  to  the  ligaments  which  unite  the  atlas  and  axis  to  the  skull, 
the  ligamentum  nucha?  (page  291)  must  be  regarded  as  one  of  the  ligaments 
connecting  the  vertebral  column  with  the  cranium. 

IV.  Articulation  of  the  Mandible  (Articulatio  Mandibularis;  Temporo¬ 
mandibular  Articulation). 

This  is  a  ginglymo-arthrodial  joint;  the  parts  entering  into  its  formation  on 
either  side  are:  the  anterior  part  of  the  mandibular  fossa  of  the  temporal  bone 
and  the  articular  tubercle  above;  and  the  condyle  of  the  mandible  below.  The 
ligaments  of  the  joint  are  the  following: 

The  Articular  Capsule.  The  Sphenomandibular. 

The  Temporomandibular.  The  Articular  Disk. 

The  Stylomandibular. 

The  Articular  Capsule  ( capsula  articularu ;  capsular  ligament). — The  articular 
capsule  is  a  thin,  loose  envelope,  attached  above  to  the  circumference  of  the 
mandibular  fossa  and  the  articular  tubercle  immediately  in  front;  below,  to  the 
neck  of  the  condyle  of  the  mandible. 


Nandi  ft l e 


The  Temporomandibular  Ligament  ( ligamentum  tem poromandibulure ;  external 
lateral  ligament)  (Fig.  316). — The  temporomandibular  ligament  consists  of  two 
short,  narrow  fasciculi,  one  in  front  of  the  other,  attached,  above,  to  the  lateral 
surface  of  the  zygomatic  arch  and  to  the  tubercle  on  its  lower  border;  below, 
to  the  lateral  surface  and  posterior  border  of  the  neck  of  the  mandible.  I  t  is  broader 
above  than  below,  and  its  fibers  are  directed  obliquely  downward  and  backward. 
It.  is  covered  by  the  parotid  gland,  and  by  the  integument. 
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The  Sphenom&ndibular  Ligament  (ligamenlum  sphenom andibula re ;  internal  lateral 
ligament)  (Fig.  317). — The  spheftomandibular  ligament  is  a  flat,  thin  band  which  is 
attached  above  to  the  spina  anguiaris  of  the  sphenoid  bone,  and,  becoming  broader 
as  it  descends,  is  fixed  to  the  lingula  of  the  mandibular  foramen.  Its  lateral  surface 
is  in  relation,  above,  with  the  Pterygoideus  externus;  lower  down,  it  is  separated 
from  the  neck  of  the  condyle  by  the  internal  maxillary  vessels;  still  lower,  the 
interior  alveolar  vessels  and  nerve  and  a  lobule  of  the  parotid  gland  lie  between 
it  and  the  ramus  of  the  mandible.  Its  medial  surface  is  in  relation  with  the  Ptery¬ 
goideus  interims. 

The  Articular  Disk  (rfw  articular w;  interartieular  fibrocartilage :  articular  menu- 
ciu)  (Fig.  31 S).— The  articular  disk  is  a  thin,  oval  plate,  placed  between  the 
condyle  of  the  mandible  and  the  mandibular  fossa.  Its  upper  surface  is  concavo- 
convex  from  before  backward,  to  accommodate  itself  to  the  form  of  the  man¬ 
dibular  fossa  and  the  articular  tubercle.  Its  under  surface,  in  contact  with  the 
condyle,  is  concave.  Its  circumference  is  connected  to  the  articular  capsule;  and  in 
front  to  the  tendon  of  the  Pterygoideus  externus.  It  is  thicker  at  its  periphery, 
especially  behind,  than  at  its  center.  The  fibers  of  which  it  is  composed  have  a 
concentric  arrangement,  more  apparent  at  the  circumference  than  at  the  center. 
It  divides  the  joint  into  two  cavities,  each  of  which  is  furnished  with  a  synovial 
membrane. 


mandible. 


The  Synovial  Membranes. — The  synovial  membrane?,  two  in  number,  are  placed  one  above, 
and  the  other  below,  the  articular  disk.  The  upper  one,  the  larger  and  looser  of  the  two,  is 
continued  from  the  margin  of  the  cartilage  covering  the  mandibular  fossa  and  articular  tubercle 
on  to  the  upper  surface  of  the  disk.  The  lower  one  passes  from  the  under  surface  of  the  disk 
to  the  neck  of  the  condyle,  being  prolonged  a  little  farther  downward  behind  than  in  front.  I  he 
articular  disk  is  sometimes  perforated  in  its  center,  and  the  two  cavities  then  communicate  with 
each  other. 

The  Stylomandibular  Ligament  (ligamenturn  stylomand ibulare) ;  st ylomaxilla r y 
ligament  (Fig.  317).— The  stylomandibular  ligament  is  a  specialized  band  of  the 
cervical  fascia,  which  extends  from  near  the  apex  of  the  styloid  process  of  the 
temporal  bone  to  the  angle  and  posterior  border  of  the  ramus  of  the  mandible, 
between  the  Massetcr  and  Pterygoideus  internus.  This  ligament  separates  the 
parotid  from  the  submaxillary  gland,  and  from  its  deep  surface  some  fibers  of  the 
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Styloglossus  take  origin.  Although  classed  among  the  ligaments  of  the  temporo¬ 
mandibular  joint,  it  can  only  be  considered  as  accessory  to  it. 

The  nerves  of  the  temporomandibular  joint  are  derived  from  the  auriculotemporal  and  masse¬ 
teric  branches  of  the  mandibular  nerve,  the  arteries  from  the  superficial  temporal  branch  of  the 
external  carotid. 

Movements. — The  movements  permitted  in  this  articulation  are  extensive.  Thus,  the  mandible 
may  be  depressed  or  elevated,  or  carried  forward  or  backward;  a  slight  amount  of  side-to-side 
movement  is  also  permitted.  It  must  be  borne  in  mind  that  there  are  two  distinct  joints  in  this 
articulation — one  between  the  condyle  and  the  articular  disk,  and  another  between  the  disk  and 
the  mandibular  fossa.  When  the  mouth  is  but  slightly  opened,  as  during  ordinary  conversation, 
the  movement  is  confined  to  the  lower  of  the  two  joints.  On  the  other  hand,  when  the  mouth 
is  opened  more  widely,  both  joints  are  concerned  in  the  movement;  in  the  lower  joint  the  move¬ 
ment  is  of  a  hinge-like  character,  the  condyle  moving  around  a  transverse  axis  on  the  disk,  while 
in  the  upper  joint  the  movement  is  of  a  gliding  character,  the  disk,  together  with  the  condyle, 
gliding  forward  on  to  the  articular  tubercle,  around  an  axis  which  passes  through  the  mandibular 
foramina.  These  two  movements  take  place  simultaneously,  the  condyle  and  disk  move  for¬ 
ward  on  the  eminence,  and  at  the  same  time  the  condyle  revolves  on  the  disk.  In  shutting  the 
mouth  the  reverse  action  takes  place;  the  disk  glides  back,  carrying  the  condyle  with  it,  and  this 
at  the  same  time  moves  back  to  its  former  position.  When  the  mandible  is  carried  horizontally 
forward,  as  in  protruding  the  lower  incisor  teeth  in  front  of  the  upper,  the  movement  takes  place 
principally  in  the  upper  joint,  the  disk  and  the  condyle  gliding  forward  on  the  mandibular  fossa 
and  articular  tubercle.  The  grinding  or  chewing  movement  is  produced  by  one  condyle,  with 
its  disk,  gliding  alternately  forward  and  backward,  while  the  other  condyle  moves  simultaneously 
in  the  opposite  direction;  at  the  same  time  the  condyle  undergoes  a  vertical  rotation  on  the  disk. 
One  condyle  advances  and  rotates,  the  other  condyle  recedes  and  rotates,  in  alternate  succession. 

The  mandible  is  depressed  by  its  own  weight,  assisted  by  the  Platysma,  the  Digastricus,  the 
Mylohyoideus,  and  the  Geniohyoideus.  It  is  elevated  by  the  Masseter,  Pterygoideus  intern  us, 
and  the  anterior  part  of  the  Temporalis.  It  is  drawn  forward  by  the  simultaneous  action  of  the 
Pterygoidei  internus  and  externus,  the  superficial  fibers  of  the  Masseter  and  the  anterior  fibers 
of  the  Temporalis;  and  backward  by  the  deep  fibers  of  the  Masseter  and  the  posterior  fibers  of  the 
Temporalis.  The  grinding  movement  is  caused  by  the  alternate  action  of  the  Pterygoidei  of 
either  side. 

V.  Costovertebral  Articulations  (Articulationes  Costovertebrales). 

The  articulations  of  the  ribs  with  the  vertebral  column  may  be  divided  into  two 
sets,  one  connecting  the  heads  of  the  ribs  with  the  bodies  of  the  vertebrae,  another 
uniting  the  necks  and  tubercles  of  the  ribs  with  the  transverse  processes. 

1.  Articulations  of  the  Heads  of  the  Bibs  (< articulationes  capitulorum ;  costocentral 
articulations)  (Fig.  319). — These  constitute  a  series  of  gliding  or  arthrodial  joints, 
and  are  formed  by  the  articulation  of  the  heads  of  the  typical  ribs  with  the  facets 
on  the  contiguous  margins  of  the  bodies  of  the  thoracic  vertebrae  and  with  the 
intervertebral  fibrocartilages  between  them;  the  first,  tenth,  eleventh,  and  twelfth 
ribs  each  articulate  with  a  single  vertebra.  The  ligaments  of  the  joints  are: 

The  Articular  Capsule.  The  Radiate.  The  Interarticular. 

The  Articular  Capsule  ( capsula  articularis ;  capsular  ligament). — The  articular 
capsule  surrounds  the  joint,  being  composed  of  short,  strong  fibers,  connecting 
the  head  of  the  rib  with  the  circumference  of  the  articular  cavity  formed  by  the 
intervertebral  fibrocartilage  and  the  adjacent  vertebra.  It  is  most  distinct  at 
the  upper  and  lower  parts  of  the  articulation;  some  of  its  upper  fibers  pass  through 
the  intervertebral  foramen  to  the  back  of  the  intervertebral  fibrocartilage,  while 
its  posterior  fibers  are  continuous  with  the  ligament  of  the  neck  of  the  rib. 

The  Radiate  Ligament  ( ligamenium  capituli  costce  radiatum;  anterior  costoverte¬ 
bral  or  stellate  ligament). — The  radiate  ligament  connects  the  anterior  part  of  the 
head  of  each  rib  with  the  side  of  the  bodies  of  two  vertebra,  and  the  interverte¬ 
bral  fibrocartilage  between  them.  It  consists  of  three  flat  fasciculi,  which  are 
attached  to  the  anterior  part  of  the  head  of  the  rib,  just  beyond  the  articular  sur¬ 
face.  The  superior  fasciculus  ascends  and  is  connected  with  the  body  of  the  verte- 
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bra  above,*  the  inferior  onedoscemte  to  the  body  of  the  vertebra  below;  the  middle 
one,  the  smallest  and  least  distinct,  is  horizontal  ami  is  attached  to  the  interver¬ 
tebral  fibrocartiliige.  The  radiate  ligament  is  in  relation,  it ijtmi,  with  the  thoracic 
ganglia  of  the  .sympathetic  trunk,  the  pleura,  and,  on  the  right  side,  with  theaiy’gos 
vein;  behind,  with  the  interarticular  ligament  ami  synovial  membranes. 

In  the  rase  of  the  first  rib,  this  ligament  is  not  divided  into  three  fasciculi,  but 
its  fibers  are  attached  to  the  body  of  the  hist  cervical  vertebra,  as  well  as  to  that 
of  the  fijfst  thoracic,  In  the  articulations  of  the  heads  of  the  terith.  eleventh,  and 
twelfth  ribs,  each  of  which  articulates  with  a  single  vertebra,  the  triradiate  arrange¬ 
ment  does  not  eJiist;  but.  the  fibers  of  the  ligament  in  each  ease  are  connected  ta 
the vertebra  above,  as  well  as  to  that  with  which  the  rib  articulates. 
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2.  Costotransverse  Articulations  ( articulationes  costotra nsmrsa rirr)  (Fig.  320).— 
The  articular  portion  of  the  tubercle  of  the  rib  forms  with  the  articular  surface 
on  the  adjacent  transverse  process  an  arthrodial  joint. 

In  the  eleventh  and  twelfth  ribs  this  articulation  is  wanting. 

The  ligaments  of  the  joint  are: 

The  Articular  Capsule.  The  Posterior  Costotransverse. 

The  Anterior  Costotransverse,  The  Ligament  of  the  Neck  of  the  Rib. 

The  Ligament  of  the  Tubercle  of  the  Rib. 

The  Articular  Capsule  (capmln  artiaularix;  capsular  ligament). — The  articular  cap¬ 
sule  is  a  thin  membrane  attached  to  the  circumferences  of  the  articular  surfaces, 
and  lined  by  a  synovial  membrane. 
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Fta.  320. — Costotraaaverae  articulation. 


Seen  from  above. 


The  Anterior  Costotransverse  ligament  (ligamentum  ojstotra  nsversa  rium  a  uteri  us; 
(interior  superior  ligament). — The  anterior  costotransverse  ligament  is  attached 
below  to  the  sharp  crest  on  the  upper  border  of  the  neck  of  the  rib,  and  passes 
obliquely  upward  and  lateral  ward  to  the  lower  border  of  the  transverse  process 
immediately  above.  It  is  in  relation,  in  front,  with  the  intercostal  vessels  and 
nerves;  its  medial  border  is  thickened  and  free,  and  bounds  an  aperture  which 
transmits  the  posterior  branches  of  the  intercostal  vessels  and  nerves;  its  lateral 
border  is  continuous  w  ith  a  thin  aponeurosis,  which  covers  the  Intercostalis  ext ernus. 

The  first  rib  has  no  anterior  costotransverse  ligament.  A  band  of  fibers,  the 
lumbocostal  ligament,  in  series  with  the  anterior  costotransverse  ligaments,  con¬ 
nects  the  neck  of  the  twelfth  rib  to  the  base  of  tile  transverse  process  of  the  first 
lumbar  vertebra;  it  is  merely  a  thickened  portion  of  the  posterior  layer  of  the 
lumbodorsal  fascia. 

The  Posterior  Costotransverse  Ligament  (ligamentum  emtotrarmersarium  poxterius), 
—The  posterior  costotransverse  ligament  is  a  feeble  band  which  is  attached  below 
to  the  neck  of  the  rib  and  passes  upward  and  medial  ward  to  the  base  of  the  trans¬ 
verse  process  and  lateral  border  of  the  inferior  articular  process  of  the  vertebra 
above. 
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The  Ligament  of  the  Neck  of  the  Rib  ( ligamentum  colli  costa?;  middle  costotransverse 
or  interosseous  ligament ). — The  ligament  of  the  neck  of  the  rib  consists  of  short 
but  strong  fibers,  connecting  the  rough  surface  on  the  back  of  the  neck  of  the  rib 
with  the  anterior  surface  of  the  adjacent  transverse  process.  A  rudimentary 
ligament  may  be  present  in  the  case  of  the  eleventh  and  twelfth  ribs. 

The  Ligament  of  the  Tubercle  of  the  Rib  ( ligamentum  tuberculi  costs?;  posterior 
costotransverse  ligament). — The  ligament  of  the  tubercle  of  the  rib  is  a  short  but 
thick  and  strong  fasciculus,  which  passes  obliquely  from  the  apex  of  the  transverse 
process  to  the  rough  non-articular  portion  of  the  tubercle  of  the  rib.  The  ligaments 
attached  to  the  upper  ribs  ascend  from  the  transverse  processes;  they  are  shorter 
and  more  oblique  than  those  attached  to  the  inferior  ribs,  which  descend  slightly. 

Movements. — The  heads  of  the  ribs  are  so  closely  connected  to  the  bodies  of  the  vertebr® 
by  the  radiate  and  interarticular  ligaments  that  only  slight  gliding  movements  of  the  articular 
surfaces  on  one  another  can  take  place.  Similarly,  the  strong  ligaments  binding  the  necks  and 
tubercles  of  the  ribs  to  the  transverse  processes  limit  the  movements  of  the  costotransverse 
joints  to  slight  gliding,  the  nature  of  which  is  determined  by  the  shape  and  direction  of  the  articular 
surfaces.  In  the  upper  six  ribs  the  articular  surfaces  on  the  tubercles  are  oval  in  shape  and  con¬ 
vex  from  above  downward;  they  fit  into  corresponding  concavities  on  the  anterior  surfaces  of  the 
transverse  process,  so  that  upward  and  downward  movements  of  the  tubercles  are  associated  with 
rotation  of  the  rib  neck  on  its  long  axis.  In  the  seventh,  eighth,  ninth,  and  tenth  ribs  the  articular 
surfaces  on  the  tubercles  are  flat,  and  are  directed  obliquely  downward,  medialward,  and  back¬ 
ward.  The  surfaces  with  which  they  articulate  are  placed  on  the  upper  margins  of  the  transverse 
processes;  when,  therefore,  the  tubercles  are  drawn  up  they  are  at  the  same  time  carried  backward 
and  medialward.  The  two  joints,  costocentral  and  costotransverse,  move  simultaneously  and  in 
the  same  directions,  the  total  effect  being  that  the  neck  of  the  rib  moves  as  if  on  a  single  joint,  of 
which  the  costocentral  and  costotransverse  articulations  form  the  ends.  In  the  upper  six  Tibs 
the  neck  of  the  rib  moves  but  slightly  upward  and  downward;  its  chief  movement  is  one  of  rota¬ 
tion  around  its  own  long  axis,  rotation  backward  being  associated  with  depression,  rotation 
forward  with  elevation.  In  the  seventh,  eighth,  ninth,  and  tenth  ribs  the  neck  of  the  rib 
moves  upward,  backward,  and  medialward,  or  downward,  forward,  and  lateralward;  very  slight 
rotation  accompanies  these  movements. 


VI.  Sternocostal  Articulations  (Articulationes  Stemocostales ;  Costostemal 

Articulations)  (Fig.  321). 

The  articulations  of  the  cartilages  of  the  true  ribs  with  the  sternum  are 
arthrodial  joints,  with  the  exception  of  the  first,  in  which  the  cartilage  is  directly 
united  with  the  sternum,  and  which  is,  therefore,  a  synarthrodial  articulation. 
The  ligaments  connecting  them  are: 

The  Articular  Capsules.  The  Interarticular  Sternocostal. 

The  Radiate  Sternocostal.  The  Costoxiphoid. 

The  Articular  Capsules  (< capsule?  articulares;  capsular  ligaments). — The  articular 
capsules  surround  the  joints  between  the  cartilages  of  the  true  ribs  and  the 
sternum.  They  are  very  thin,  intimately  blended  with  the  radiate  sternocostal 
ligaments,  and  strengthened  at  the  upper  and  lower  parts  of  the  articulations  by  & 
few  fibers,  which  connect  the  cartilages  to  the  side  oi  the  sternum. 

The  Radiate  Sternocostal  Ligaments  ( ligamenta  stemocostalia  radiata;  chondro- 
stemal  or  sternocostal  ligaments). — These  ligaments  consist  of  broad  and  thin  mem¬ 
branous  bands  that  radiate  from  the  front  and  back  of  the  sternal  ends  of  the 
cartilages  of  the  true  ribs  to  the  anterior  and  posterior  surfaces  of  the  sternum. 
They  are  composed  of  fasciculi  which  pass  in  different  directions.  The  superior 
fasciculi  ascend  obliquely,  the  inferior  fasciculi  descend  obliquely,  and  the  middle 
fasciculi  run  horizontally.  The  superficial  fibers  are  the  longest;  they  intermingle 
with  the  fibers  of  the  ligaments  above  and  below  them,  with  those  of  the  opposite 
side,  and  in  front  with  the  tendinous  fibers  of  origin  of  the  Pectoralis  major,  form- 
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rib  is  connected  with  the  sternum  by  means  of  an  interart  icular  ligament ,  attached 
by  one  end  to  the  cartilage  of  the  rib,  and  by  the  other  to  the  fibrocartilage  which 
unites  the  manubrium  and  body  of  the  sternum.  This  articulation  is  provided 
with  two  synovial  membranes.  Occasionally  the  cartilage  of  the  third  rib  is  con¬ 
nected  with  the  first  and  second  pieces  of  the  body  of  the  sternum  by  an  interartic- 
ular  ligament.  Still  more  rarely,  similar  ligaments  are  found  in  the  other  four 


ing  a  thick  fibrous  membrane  (membrana  sterni)  which  envelopes  the  sternum. 
This  is  more  distinct  at  the  lower  than  at  the  upper  part  of  the  bone. 

The  loierarticular  Sternocostal  ligament  (ligavicntum  sternocostale  intcrarticidare; 
initwrticular  ckon/Irosternal  ligament). — This  ligament  is  found  constantly  only 
between  the  second  costal  cartilages  and  the  sternum.  The  cartilage  of  the  second 
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joints  of  the  series.  In  the  lower  two  the  ligament  sometimes  completely  obliterates 
the  cavity,  so  as  to  convert  the  articulation  into  an  amphiarthrosis. 

The  Costoxiphoid  Ligaments  ( ligamenta  costoxiphoidea;  chondroxiphoid  ligaments). 
— These  ligaments  connect  the  anterior  and  posterior  surfaces  of  the  seventh 
costal  cartilage,  and  sometimes  those  of  the  sixth,  to  the  front  and  back  of  the 
xiphoid  process.  They  vary  in  length  and  breadth  in  different  subjects;  those  on 
the  back  of  the  joint  are  less  distinct  than  those  in  front. 

Synovial  Membranes. — There  is  no  synovial  membrane  between  the  first  costal  cartilage  and 
the  sternum,  as  this  cartilage  is  directly  continuous  with  the  manubrium.  There  are  two  in  the 
articulation  of  the  second  costal  cartilage  and  generally  one  in  each  of  the  other  joints;  but  those 
of  the  sixth  and  seventh  sternocostal  joints  are  sometimes  absent;  where  an  interarticular  liga¬ 
ment  is  present,  there  are  two  synovial  cavities.  After  middle  life  the  articular  surfaces  lose  their 
polish,  become  roughened,  and  the  synovial  membranes  apparently  disappear.  In  old  age,  the 
cartilages  of  most  of  the  ribs  become  continuous  with  the  sternum,  and  the  joint  cavities  are 
consequently  obliterated. 

Movements. — Slight  gliding  movements  are  permitted  in  the  sternocostal  articulations. 

Interchondral  Articulations  (articalationes  interchondrales;  articulations  of  the 
cartilages  of  the  ribs  with  each  other)  (Fig.  321). — The  contiguous  borders  of  the  sixth, 
seventh,  and  eighth,  and  sometimes  those  of  the  ninth  and  tenth,  costal  cartilages 
articulate  with  each  other  by  small,  smooth,  oblong  facets.  Each  articulation 
is  enclosed  in  a  thin  articular  capsule,  lined  by  synovial  membrane  and  strengthened 
laterally  and  medially  by  ligamentous  fibers  (interchondral  ligaments)  which  pass 
from  one  cartilage  to  the  other.  Sometimes  the  fifth  costal  cartilages,  more  rarely 
the  ninth  and  tenth,  articulate  by  their  lower  borders  with  the  adjoining  cartilages 
by  small  oval  facets;  more  frequently  the  connection  is  by  a  few  ligamentous  fibers. 

Costochondral  Articulations. — The  lateral  end  of  each  costal  cartilage  is  received 
into  a  depression  in  the  sternal  end  of  the  rib,  and  the  two  are  held  together  by  the 
periosteum. 

m  Articulation  of  the  Manubrium  and  Body  of  the  Sternum. 

The  manubrium  is  united  to  the  body  of  the  sternum  either  by  an  amphiarthrodial 
joint — a  piece  of  fibrocartilage  connecting  the  segments — or  by  a  diarthrodial 
joint,  in  which  the  articular  surface  of  each  bone  is  clothed  with  a  lamina  of  car¬ 
tilage.  In  the  latter  case,  the  cartilage  covering  the  body  is  continued  without 
interruption  on  to  the  cartilages  of  the  facets  for  the  second  ribs.  Rivington 
found  the  diarthrodial  form  of  joint  in  about  one-third  of  the  specimens  examined 
by  him,  Maisonneuve  more  frequently.  It  appears  to  be  rare  in  childhood,  and 
is  formed,  in  Rivington’s  opinion,  from  the  amphiarthrodial  form,  by  absorption. 
The  diarthrodial  joint  seems  to  have  no  tendency  to  ossify,  while  the  amphiar¬ 
throdial  is  more  liable  to  do  so,  and  has  been  found  ossified  as  early  as  thirty-four 
years  of  age.  The  two  segments  are  further  connected  by  anterior  and  posterior 
interstemal  ligaments  consisting  of  longitudinal  fibers. 

Mechanism  of  the  Thorax. — Each  rib  possesses  its  own  range  and  variety  of  movements,  but 
the  movements  of  all  are  combined  in  the  respiratory  excursions  of  the  thorax.  Each  rib  may 
be  regarded  as  a  lever  the  fulcrum  of  which  is  situated  immediately  outside  the  costotransverse 
articulation,  so  that  when  the  body  of  the  rib  is  elevated  the  neck  is  depressed  and  vice  versa; 
from  the  disproportion  in  length  of  the  arms  of  the  lever  a  slight  movement  at  the  vertebral  end 
of  the  rib  is  greatly  magnified  at  the  anterior  extremity. 

The  anterior  ends  of  the  ribs  lie  on  a  lower  plane  than  the  posterior;  when  therefore  the  body 
of  the  rib  is  elevated  the  anterior  extremity  is  thrust  also  forward.  Again,  the  middle  of  the  body 
of  the  rib  lies  in  a  plane  below  that  passing  through  the  two  extremities,  so  that  when  the  body 
is  elevated  relatively  to  its  ends  it  is  at  the  same  time  carried  outward  from  the  median  plane 
of  the  thorax.  Further,  each  rib  forms  the  segment  of  a  curve  which  is  greater  than  that  of  the 
rib  immediately  above,  and  therefore  the  elevation  of  a  rib  increases  the  transverse  diameter 
of  the  thorax  in  the  plane  to  which  it  is  raised.  The  modifications  of  the  rib  movements  at  their 
vertebral  ends  have  already  been  described  (page  £02).  Further  modifications  result  from  the 
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attachments  of  their  anterior  extremities,  and  it  is  convenient  therefore  to  consider  separately 
the  movements  of  the  ribs  of  the  three  groups — vertebrosternal,  vertebrochondral,  and  vertebral. 

Vertebrosternal  Ribs  (Figs.  322, 

323).— The  first  rib  differs  from  the 
others  of  this  group  in  that  its  at¬ 
tachment  to  the  sternum  is  a  rigid 
one;  this  is  counterbalanced  to  some 
extent  by  the  fact  that  its  head 
possesses  no  interarticular  ligament, 
and  is  therefore  more  movable.  The 
first  pair  of  ribs  with  the  manu¬ 
brium  sterai  move  as  a  single  piece, 
the  anterior  portion  being  elevated 
by  rotatory'  movements  at  the 
vertebral  extremities.  In  normal 
quiet  respiration  the  movement  of 
this  arc  is  practically  nil;  when  it 
does  occur  the  anterior  part  is 
raised  and  carried  forward,  increas¬ 
ing  the  antero-posterior  and  trans¬ 
verse  diameters  of  this  region  of  the 
chest.  The  movement  of  the  second 
rib  is  also  slight  in  normal  respira¬ 
tion,  as  its  anterior  extremity  is 
fixed  to  the  manubrium,  and  pre¬ 
vented  therefore  from  moving  up¬ 
ward.  The  sternocostal  articulation, 
however,  allows  the  middle  of  the 
body  of  the  rib  to  be  drawn  up,  and 

in  this  way  the  transverse  thoracic  diameter  is  increased.  Elevation  of  the  third,  fourth,  fifth* 
and  sixth  ribs  raises  and  thrusts  forward  their  anterior  extremities,  the  greater  part  of  the  move¬ 
ment  being  effected  by  the  rotation  of  the  rib  neck  backward.  The  thrust  of  the  anterior 
extremities  carries  forward  and  upward  the  body  of  the  sternum,  which  moves  on  the  joint 


Fio.  324. — Diagram  showing  the  axis  of  movement 
( A  B)  of  a  vertebrochondral  rib.  The  interrupted  lines 
indicate  the  position  of  the  rib  in  inspiration. 


between  it  and  the  manubrium,  and  thus  the  antero-posterior  thoracic  diameter  is  increased. 
This  movement  is,  however,  soon  arrested,  and  the  elevating  force  is  then  expended  in  raising 
the  middle  part  of  the  body  of  the  rib  and  everting  its  lower  border;  at  the  same  time  the 
20 
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costochondral  angle  is  opened  out.  By  these  latter  movements  a  considerable  increase  in  the 
transverse  diameter  of  the  thorax  is  effected. 

Vertebrochondral  Ribs  (Fig.  324). — The  seventh  rib  is  included  with  this  group,  as  it  conforms 
more  closely  to  their  type.  While  the  movements  of  these  ribs  assist  in  enlarging  the  thorax 
for  respiratory  purposes,  they  are  also  concerned  in  increasing  the  upper  abdominal  space  for 
viscera  displaced  by  the  action  of  the  diaphragm.  The  costal  cartilages  articulate  with  one 
another,  so  that  each  pushes  up  that  above  it,  the  final  thrust  being  directed  to  pushing  forward 
and  upward  the  lower  end  of  the  body  of  the  sternum.  The  amount  of  elevation  of  the  anterior 
extremities  is  limited  on  account  of  the  very  slight  rotation  of  the  rib  neck.  Elevation  of  the 
shaft  is  accompanied  by  an  outward  and  backward  movement;  the  outward  movement  everts 
the  anterior  end  of  the  rib  and  opens  up  the  subcostal  angle,  while  the  backward  movement 
pulls  back  the  anterior  extremity  and  counteracts  the  forward  thrust  due  to  its  elevation;  this 
latter  is  most  noticeable  in  the  lower  ribs,  which  are  the  shortest.  The  total  result  is  a  consider¬ 
able  increase  in  the  transverse  and  a  diminution  in  the  median  antero-posterior  diameter  of  the 
upper  part  of  the  abdomen;  at  the  same  time,  however,  the  lateral  antero-posterior  diameters  of 
the  abdomen  are  increased. 

Vertebral  Ribs. — Since  these  ribs  have  free  anterior  extremities  and  only  costocentral  articula¬ 
tions  with  no  interarticular  ligaments,  they  are  capable  of  slight  movements  in  all  directions. 
When  the  other  ribs  are  elevated  these  are  depressed  and  fixed  to  form  points  of  action  for  the 
diaphragm. 

Vm.  Articulation  of  the  Vertebral  Column  with  the  Pelvis. 

The  ligaments  connecting  the  fifth  lumbar  vertebra  with  the  sacrum  are  similar 
to  those  which  join  the  movable  segments  of  the  vertebral  column  with  each  other 
— viz.:  1.  The  continuation  downward  of  the  anterior  and  posterior  longitudinal 
ligaments.  2.  The  intervertebral  fibrocartilage,  connecting  the  body  of  the  fifth 
lumbar  to  that  of  the  first  sacral  vertebra  and  forming  an  amphiarthrodial  joint. 
3.  Ligamenta  flava,  uniting  the  laminae  of  the  fifth  lumbar  vertebra  with  those 
of  the  first  sacral.  4.  Capsules  connecting  the  articular  processes  and  forming 
a  double  arthrodia.  5.  Inter-  and  supraspinal  ligaments. 

On  either  side  an  additional  ligament,  the  iliolumbar,  connects  the  pelvis  with 
the  vertebral  column. 

The  Iliolumbar  Ligament  ( ligamentum  iliolumbale)  (Fig.  325). — The  iliolumbar 
ligament  is  attached  above  to  the  lower  and  front  part  of  the  transverse  process 
of  the  fifth  lumbar  vertebra.  It  radiates  as  it  passes  lateralward  and  is  attached 
by  two  main  bands  to  the  pelvis.  The  lower  bands  run  to  the  base  of  the  sacrum, 
blending  with  the  anterior  sacroiliac  ligament;  the  upper  is  attached  to  the  crest 
of  the  ilium  immediately  in  front  of  the  sacroiliac  articulation,  and  is  continuous 
above  with  the  lumbodorsal  fascia.  In  f  ront,  it  is  in  relation  with  the  Psoas  major; 
behind ,  with  the  muscles  occupying  the  vertebral  groove;  above,  with  the  Quadratus 
lumborum. 

IX.  Articulations  of  the  Pelvis. 

The  ligaments  connecting  the  bones  of  the  pelvis  with  each  other  may  be  divided 
into  four  groups:  1.  Those  connecting  the  sacrum  and  ilium.*  2.  Those  passing 
between  the  sacrum  and  ischium.  3.  Those  uniting  the  sacrum  and  coccyx.  4. 
Those  between  the  two  pubic  bones. 

1.  Sacroiliac  Articulation  (articulatio  sacroiliaca). — The  sacroiliac  articulation 
is  an  amphiarthrodial  joint,  formed  between  the  auricular  surfaces  of  the  sacrum 
and  the  ilium.  The  articular  surface  of  each  bone  is  covered  with  a  thin  plate 
of  cartilage,  thicker  on  the  sacrum  than  on  the  ilium.  These  cartilaginous  plates 
are  in  close  contact  with  each  other,  and  to  a  certain  extent  are  united  together 
by  irregular  patches  of  softer  fibrocartilage,  and  at  their  upper  and  posterior  part 
by  fine  interosseous  fibers.  In  a  considerable  part  of  their  extent,  especially  in 
advanced  life,  they  are  separated  by  a  space  containing  a  synovia-like  fluid,  and 
hence  the  joint  presents  the  characteristics  of  a  diarthrosis.  The  ligaments  of  the 
joint  are: 

The  Anterior  Sacroiliac.  The  Posterior  Sacroiliac. 

The  Interosseous. 
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various  directions.  The  upper  part  (short  posterior  sacroiliac  ligament)  is  nearly 
horizontal  in  direction,  and  passes  from  the  first  and  second  transverse  tubercles 
on  the  back  of  the  sacrum  to  the  tuberosity  of  the  ilium.  The  lower  part  (long1 
posterior  sacroiliac  ligament)  is  oblique  in  direction;  it  is  attached  by  one  extremity 
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to  tiie  third  transverse  tubercle  of  the  back  of  the  sacrum,  and  by  the  other  to  the 
posterior  superior  spine  of  the  ilium. 

The  Interosseous  Sacroiliac  Ligament  ( ligamentum  mcroiliacurn  interasseuvO. — 
This  ligament  lies  deep  to  the  posterior  ligament,  and  consists  of  a  series  of  short, 
strong  fibers  connecting  the  tuberosities  of  the  sacrum  and  ilium. 
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2.  Ligaments  Connecting  the  Sacrum  and  Ischium  (Fig.  326). 

The  Sacrotuberous.  The  Sacrospinous. 

The  Sacrotuberous  Ligament  ( ligamentum  sacrotuberosum;  great  or  'posterior 
iacrosciatic  ligament). — The  sacrotuberous  ligament  is  situated  at  the  lower  and 
back  part  of  the  pelvis.  It  is  flat,  and  triangular  in  form;  narrower  in  the  middle 
than  at  the  ends;  attached  by  its  broad  base  to  the  posterior  inferior  spine  of  the 
ilium,  to  the  fourth  and  fifth  transverse  tubercles  of  the  sacrum,  and  to  the  lower 
part  of  the  lateral  margin  of  that  bone  and  the  coccyx.  Passing  obliquely  downward, 
forward,  and  lateralward,  it  becomes  narrow  and  thick,  but  at  its  insertion  into 
the  inner  margin  of  the  tuberosity  of  the  ischium,  it  increases  in  breadth,  and  is 
prolonged  forward  along  the  inner  margin  of  the  ramus,  as  the  falciform  process, 
the  free  concave  edge  of  which  gives  attachment  to  the  obturator  fascia;  one  of  its 
surfaces  is  turned  toward  the  perineum,  the  other  toward  the  Obturator  intemus. 
The  lower  border  of  the  ligament  is  directly  continuous  with  the  tendon  of  origin 
of  the  long  head  of  the  Biceps  femoris,  and  by  many  is  believed  to  be  the  proximal 
end  of  this  tendon,  cut  off  by  the  projection  of  the  tuberosity  of  the  ischium. 

Editions. — The  posterior  surface  of  this  ligament  gives  origin,  by  its  whole  extent,  to  the 
Gluteus  maxim  us.  Its  anterior  surface  is  in  part  united  to  the  sacrospinous  ligament.  Its  upper 
border  forms,  above,  the  posterior  boundary  of  the  greater  sciatic  foramen,  and,  below,  the  pos¬ 
terior  boundary  of  the  lesser  sciatic  foramen.  Its  lower  border  forms  part  of  the  boundary  of  the 
perineum.  It  is  pierced  by  the  coccygeal  nerve  and  the  coccygeal  branch  of  the  inferior  gluteal 
artery. 

The  Sacrospinous  Ligament  (ligamentum  saerospinosum;  small  or  anterior  sacro - 
sciatic  ligament). — The  sacrospinous  ligament  is  thin,  and  triangular  in  form; 
it  is  attached  by  its  apex  to  the  spine  of  the  ischium,  and  medially,  by  its  broad 
base,  to  the  lateral  margins  of  the  sacrum  and  coccyx,  in  front  of  the  sacrotuberous 
ligament  with  which  its  fibers  are  intermingled. 

Relations. — It  is  in  relation,  anteriorly ,  with  the  Coccygeus  muscle,  to  which  it  is  closely  con¬ 
nected;  posteriorly ,  it  is  covered  by  the  sacrotuberous  ligament,  and  crossed  by  the  internal 
pudendal  vessels  and  nerve.  Its  upper  border  forms  the  lower  boundary  of  the  greater  sciatic 
foramen;  its  lower  border ,  part  of  the  margin  of  the  lesser  sciatic  foramen. 

These  two  ligaments  convert  the  sciatic  notches  into  foramina.  The  greater  sciatic  foramen 
abounded,  in  front  and  above,  by  the  posterior  border  of  the  hip  bone;  behind,  by  the  sacrotuberous 
ligament;  and  below ,  by  the  sacrospinous  ligament.  It  is  partially  filled  up,  in  the  recent  state, 
by  the  Piriformis  which  leaves  the  pelvis  through  it.  Above  this  muscle,  the  superior  gluteal 
vessels  and  nerve  emerge  from  the  pelvis;  and  below  it,  the  inferior  gluteal  vessels  and  nerve, 
the  internal  pudendal  vessels  and  nerve,  the  sciatic  and  posterior  femoral  cutaneous  nerves,  and 
the  nerves  to  the  Obturator  intemus  and  Quadrat  us  femoris  make  their  exit  from  the  pelvis. 
The  lesser  sciatic  foramen  is  bounded,  in  front ,  by  the  tuberosity  of  the  ischium;  above,  by  the 
spine  of  the  ischium  and  sacrospinous  ligament;  behind ,  by  the  sacrotuberous  ligament.  It  trans¬ 
mits  the  tendon  of  the  Obturator  intemus,  its  nerve,  and  the  internal  pudendal  vessels  and  nerve. 

3.  Sacrococcygeal  Symphysis  (symphysis  sacrococcygea;  articulation  of  the  sacrum 
and  coccyx). — This  articulation  is  an  amphiarthrodial  joint,  formed  between  the 
oval  surface  at  the  apex  of  the  sacrum,  and  the  base  of  the  coccyx.  It  is  homol¬ 
ogous  with  the  joints  between  the  bodies  of  the  vertebra,  and  is  connected  by 
similar  ligaments.  They  are : 

The  Anterior  Sacrococcygeal.  The  Lateral  Sacrococcygeal. 

The  Posterior  Sacrococcygeal.  The  Interposed  Fibrocartilage. 

The  Interarticular. 

The  Anterior  Sacrococcygeal  Ligament  (ligamentum  sacrococcygeum  anterius). — 
This  consists  of  a  few  irregular  fibers,  which  descend  from  the  anterior  surface 
of  the  sacrum  to  the  front  of  the  coccyx,  blending  with  the  periosteum. 

The  Posterior  Sacrococcygeal  Ligament  (ligamentum  sacrococcygeum  posterius). — 
This  is  a  flat  band,  which  arises  from  the  margin  of  the  lower  orifice  of  the  sacral 
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canal,  and  descends  to  be  inserted  into  the  posterior  surface  of  the  coccyx.  This 
ligament  completes  the  lower  and  back  part  of  the  sacral  canal,  and  is  divisible 
into  a  short  deep  portion  and  a  longer  superficial  part.  It  is  in  relation,  behind, 
with  the  Gluteus  maximus. 

The  Lateral  Sacrococcygeal  Ligament  (ligamentum  sacrococcygeum  laterale;  inter- 
transverse  ligament). — The  lateral  sacrococcygeal  ligament  exists  on  either  side 
and  connects  the  transverse  process  of  the  coccyx  to  the  lower  lateral  angle  of  the 
sacrum;  it  completes  the  foramen  for  the  fifth  sacral  nerve. 

A  disk  of  fibrocartilage  is  interposed  between  the  contiguous  surfaces  of  the 
sacrum  and  coccyx;  it  differs  from  those  between  the  bodies  of  the  vertebrae  in 
that  it  is  thinner,  and  its  central  part  is  firmer  in  texture.  It  is  somewhat  thicker 
in  front  and  behind  than  at  the  sides.  Occasionally  the  coccyx  is  freely  movable 
bn  the  sacrum,  most  notably  during  pregnancy;  in  such  cases  a  synovial  membrane 
is  present. 

The  Interarticular  Ligaments  are  thin  bands,  which  unite  the  cornua  of  the  two 
bones. 

The  different  segments  of  the  coccyx  are  connected  together  by  the  extension 
downward  of  the  anterior  and  posterior  sacrococcygeal  ligaments,  thin  annular 
disks  of  fibrocartilage  being  interposed  between  the  segments.  In  the  adult  male, 
all  the  pieces  become  ossified  together  at  a  comparatively  early  period;  but  in  the 
female,  this  does  not  commonly  occur  until  a  later  period  of  life.  At  more  advanced 
age  the  joint  between  the  sacrum  and  coccyx  is  obliterated. 

Movements. — The  movements  which  take  place  between  the  sacrum  and  coccyx,  and  between 
the  different  pieces  of  the  latter  bone,  are  forward  and  backward;  they  are  very  limited.  Their 
extent  increases  during  pregnancy. 

4.  The  Pubic  Symphysis  ( symphysis  ossium  pubis;  articulation  of  the  pubic 
bones)  (Fig.  327).— The  articulation  between  the  pubic  bones  is  an  amphiarthro- 
dial  joint,  formed  between  the  tw’o  oval  articular  surfaces  of  the  bones.  The 
ligaments  of  this  articulation  are: 

The  Anterior  Pubic.  The  Superior  Pubic. 

The  Posterior  Pubic.  The  Arcuate  Pubic. 

The  Interpubic  Fibrocartilaginous  Lamina. 

The  Anterior  Pubic  Ligament  (Fig.  319). — The  anterior  pubic  ligament  consists 
of  several  superimposed  layers,  which  pass  across  the  front  of  the  articulation. 
The  superficial  fibers  pass  obliquely  from  one  bone  to  the  other,  decussating  and 
forming  an  interlacement  with  the  fibers  of  the  aponeuroses  of  the  Obliqui  externi 
and  the  medial  tendons  of  origin  of  the  Recti  abdominis.  The  deep  fibers  pass 
transversely  across  the  symphysis,  and  are  blended  with  the  fibrocartilaginous 
lamina. 

The  Posterior  Pubic  Ligament. — The  posterior  pubic  ligament  consists  of  a  few 
thin,  scattered  fibers,  which  unite  the  two  pubic  bones  posteriorly. 

The  Superior  Pubic  Ligament  ( ligamentum  pubicum  superius). — The  superior 
pubic  ligament  connects  together  the  two  pubic  bones  superiorly,  extending  later¬ 
ally  as  far  as  the  pubic  tubercles. 

The  Arcuate  Pubic  Ligament  ( ligamentum  arcuatum  pubis;  inferior  pubic  or 
subpubic  ligament). — The  arcuate  pubic  ligament  is  a  thick,  triangular  arch  of 
ligamentous  fibers,  connecting  together  the  two  pubic  bones  below,  and  forming 
the  upper  boundary  of  the  pubic  arch.  Above ,  it  is  blended  with  the  interpubic 
fibrocartilaginous  lamina;  laterally ,  it  is  attached  to  the  inferior  rami  of  the 
pubic  bones;  below ,  it  is  free,  and  is  separated  from  the  fascia  of  the  urogenital 
diaphragm  by  an  opening  through  which  the  deep  dorsal  vein  of  the  penis  passes 
into  the  pelvis. 
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The  Interpublic  Fibrocartilaginous  Lamina  ( lamina  fibrocartilaginea  inter pubica ; 
interpubic  disk). — The  interpubic  fibrocartilaginous  lamina  connects  the  opposed 
surfaces  of  the  pubic  bones.  Each  of  these  surfaces  is  covered  by  a  thin  layer  of 
hyaline  cartilage  firmly  joined  to  the  bone  by  a  series  of  nipple-like  processes  which 
accurately  fit  into  corresponding  depressions  on  the  osseous  surfaces.  These 
opposed  cartilaginous  surfaces  are  connected  together  by  an  intermediate  lamina 
of  fibrocartilage  which  varies  in  thickness  in  different  subjects.  It  often  contains 
a  cavity  in  its  interior*  probably  formed  by  the  softening  and  absorption  of  the 
fibrocartilage,  since  it  rarely  appears  before  the  tenth  year  of  life  and  is  not  lined 
by  synovial  membrane.  This  cavity  is  larger  in  the  female  than  in  the  male,  but 
it  is  very  doubtful  whether  it  enlarges,  as  was  formerly  supposed,  during  pregnancy. 
It  is  most  frequently  limited  to  the  upper  and  back  part  of  the  joint;  it  occasion¬ 
ally  reaches  to  the  front,  and  may  extend  the  entire  length  of  the  cartilage.  It  may 
be  easily  demonstrated  when  present  by  making  a  coronal  section  of  the  symphysis 
pubis  near  its  posterior  surface  (Fig.  327). 
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Fro.  327. — Symphysis  pubis  exposed  by  a  corona!  section. 


Mechanism  of  the  Pelvis. — The  pelvic  girdle  supports  and  protects  the  contained  viscera  and 
affords  surfaces  for  the  attachments  of  the  trunk  and  lower  limb  muscles.  Its  most  important 
mechanical  function,  however,  is  to  transmit  the  weight  of  the  trunk  and  upper  limbs  to  the 
lower  extremities. 

It  may  be  divided  into  two  arches  by  a  vertical  plane  passing  through  the  acetabular  cavities; 
the  posterior  of  these  arches  Is  the  one  chiefly  concerned  in  the  function  of  transmitting  the 
weight.  Its  essential  parts  are  the  upper  three  sacral  vertebra*,  and  two  strong  pillars  of  bone 
running  from  the  sacroiliac  articulations  to  the  acetabular  cavities.  For  the  reception  and  diffu¬ 
sion  of  the  weight  each  acetabular  cavity  is  strengthened  by  two  additional  bars  running  toward 
the  pubis  and  ischium.  In  order  to  lessen  concussion  in  rapid  changes  of  distribution  of  the 
weight,  joints  (sacroiliac  articulations)  are  interposed  between  the  sacrum  and  the  iliac  bones; 
an  accessory  joint  (pubic  symphysis)  exists  in  the  middle  of  the  anterior  arch.  The  sacrum  forms 
the  summit  of  the  posterior  arch;  the  weight  transmitted  falls  on  it  at  the  lumbosacral  articula¬ 
tion  and,  theoretically,  has  a  component  in  each  of  two  directions.  One  component  of  the  force 
is  expended  in  driving  the  sacrum  downward  and  backward  between  the  iliac  bones,  while  the 
other  thrusts  the  upper  end  of  the  sacrum  downward  and  forward  toward  the  pelvic  cavity. 
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shape  of  a  wedge  with  debase  upward  and  forward:  The  tat  eoipponeni  of  the  force  is  there- 
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.32^,— Corona  section  of  anterior  sacra  segment. 


fore  acting  against  the  resistance  of  the  wedge,  and  its  tendency  to  separate  the  iliac  bones  i* 
reStet&d saejroiliae  and  iliolumbar  ligaments  and  by  the  ligaments  ojf  the  pubic  ayaiphyste.' 
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Fiu  32Uf  — Caron*  soctfott  oi  roiddJci  aocra  segment. 


If  -a  >^.€s.of'.0cirdn33  •3^tottfi-'^:ihe-‘8acr0iUae  joints  be  Guide,  it,  will  be  found  possible  to  divide 
the  articular  of  the  mm  dim?  segtfien:.*:  untunor.  micldK  and  posterior.  In 

(the  aahsnor  segmoiit  (Fig.  which  involves  the  jinst  sacral  vertebra,  The  ardcUiar  surfaced 

show  sjigli t  siTUfdoiti^s  arid  are  jsjwst  parallel 
to  ca\h  another  :  the  diatance  between  their 
dorm)  margins  te*  hmvevnr,  slightly  greater 
than  that  between  their  ventral  margins, 
This  segment  th^refbm  pr(wnU  jfc  slight 
iyedge  shape  with  the  mmirtited apex  <kwn-- 
ward.  The  middle  $«jjpuent  (Fig.  tea 
haiTow  band  am>iss  the  cwiit^rs  oftte  artieu- 
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gr%(^r  than  iW  ventral.  $o  that  the  seement 
te  mote  definitely  the  tftin- 

c&teif  apex  being  5*gairi  directed  dewmvard- 
Fic..  Carooal'  ieUiosj  «>t post^tior  sacral  articular  ,»ujpjfiiirl!'  promote  in  the  center 

e  parked  eoocawfy  \v<m  abovy  downward, 
and  into  this  jt  corresponding  convexity  of  the  iliac  articular  surf  nee  fits,  forming  an.  interlocking 
wechanijtin.  in  (he  posterior  sagraent  (Fig.  SWj  the  ventral  width  te  gv?;uer  than  the  dorsal, 
so  that  the  wedge  form.  is.  the  reverse  tif  Uio.se  of  the  other  seginems — i.t,r  the  truncated  apex 
id  directed  upward.  7'ko  articular  .surfaces  are  only  slight Iv  coru-ave, 

Iti^locsPoiJ  downward  and  forward  of  the  sacrum  by  the  second  eompouerii  of  the  force  applied 
to  it; te  prirvesat^i .  therefore  by  the,  middle  sugmenl.  which  in toasts*  the  resistance  of  ite  w*<ig,s 
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shape  and  that  of  the  interlocking  mechanism  on  its  surfaces;  a  rotatory  movement,  however, 
is  produced  by  which  the  anterior  segment  is  tilted  downward  and  the  posterior  upward;  the  axis 
of  this  rotation  passes  through  the  dorsal  part  of  the  middle  segment.  The  movement  of  the 
anterior  segment  is  slightly  limited  by  its  wedge  form,  but  chiefly  by  the  posterior  and  inter¬ 
osseous  sacroiliac  ligaments;  that  of  the  posterior  segment  is  checked  to  a  slight  extent  by  its 
wedge  form,  but  the  chief  limiting  factors  are  the  sacrotuberous  and  sacrospinous  ligaments. 
In  all  these  movements  the  effect  of  the  sacroiliac  and  iliolumbar  ligaments  and  the  ligaments 
of  the  symphysis  pubis  in  resisting  the  separation  of  the  iliac  bones  must  be  recognized. 

During  pregnancy  the  pelvic  joints  and  ligaments  are  relaxed,  and  capable  therefore  of  more 
extensive  movements.  When  the  fetus  is  being  expelled  the  force  is  applied  to  the  front  of  the 
sacrum.  Upward  dislocation  is  again  prevented  by  the  interlocking  mechanism  of  the  middle 
segment.  As  the  fetal  head  passes  the  anterior  segment  the  latter  is  carried  upward,  enlarging 
the  antero-posterior  diameter  of  the  pelvic  inlet;  when  the  head  reaches  the  posterior  segment 
this  also  is  pressed  upward  against  the  resistance  of  its  wedge,  the  movement  only  being  possible 
by  the  laxity  of  the  joints  and  the  stretching  of  the  sacrotuberous  and  sacrospinous  ligaments. 

ARTICULATIONS  OF  THE  UPPER  EXTREMITY. 

The  articulations  of  the  Upper  Extremity  may  be  arranged  as  follows: 

I.  Sternoclavicular.  VI.  Wrist. 

II.  Acromioclavicular.  VII.  Intercarpal. 

III.  Shoulder.  VIII.  Carpometacarpal. 

IV.  Elbow.  IX.  Intermetacarpal. 

V.  Radioulnar.  X.  Metacarpophalangeal. 

XI.  Articulations  of  the  Digits. 

I.  Sternoclavicular  Articulation  (Articulatio  Stemoclavicularis)  (Fig.  331). 

The  sternoclavicular  articulation  is  a  double  arthrodial  joint.  The  parts  entering 
into  its  formation  are  the  sternal  end  of  the  clavicle,  the  upper  and  lateral  part 
of  the  manubrium  stemi,  and  the  cartilage  of  the  first  rib.  The  articular  surface 
of  the  clavicle  is  much  larger  than  that  of  the  sternum,  and  is  invested  with  a  layer 
of  cartilage,1  which  is  considerably  thicker  than  that  on  the  latter  bone.  The 
ligaments  of  this  joint  are: 

The  Articular  Capsule.  The  Interclavicular. 

The  Anterior  Sternoclavicular.  The  Costoclavicular. 

The  Posterior  Sternoclavicular.  The  Articular  Disk. 

The  Articular  Capsule  (capsula  articularis;  capsular  ligament). — The  articular 
capsule  surrounds  the  articulation  and  varies  in  thickness  and  strength.  In  front 
and  behind  it  is  of  considerable  thickness,  and  forms  the  anterior  and  posterior 
sternoclavicular  ligaments;  but  above,  and  especially  below,  it  is  thin  and  par¬ 
takes  more  of  the  character  of  areolar  than  of  true  fibrous  tissue. 

The  Anterior  Sternoclavicular  Ligament  {ligamentum  sternoclaviculare  anterior). — 
The  anterior  sternoclavicular  ligament  is  a  broad  band  of  fibers,  covering  the 
anterior  surface  of  the  articulation;  it  is  attached  above  to  the  upper  and  front  part 
of  the  sternal  end  of  the  clavicle,  and,  passing  obliquely  downward  and  medialward, 
is  attached  below  to  the  front  of  the  upper  part  of  the  manubrium  sterni.  This 
ligament  is  covered  by  the  sternal  portion  of  the  Sternocleidomastoideus  and  the 
integument;  behind ,  it  is  in  relation  with  the  capsule,  the  articular  disk,  and  the 
two  synovial  membranes. 

The  Posterior  Sternoclavicular  Ligament  ( ligamentum  sternoclaviculare  posterius). — 
The  posterior  sternoclavicular  ligament  is  a  similar  band  of  fibers,  covering  the 
posterior  surface  of  the  articulation;  it  is  attached  above  to  the  upper  and  back 

1  According  to  Bruch,  the  eternal  end  of  the  clavicle  ia  covered  by  a  tissue  which  is  fibrous  rather  than  cartilaginous 

structure. 
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part  of  the  sternal  end  of  the  clavicle*  and,  passing  obliquely  downward  and 
medialward,  is  fixed  below  to  the  back  of  the  upper  part  of  the  manubrium  sterni. 
It  is  in  relation,  in  front ,  with  the  articular  disk  and  synovial  membranes;  behind , 
with  the  Sternohyoideus  and  Sternothyrcoideus. 

The  Interclavicular  Ligament  (ligamentum  interckmculare)—  This  ligament  is  a 
flattened  band,  which  varies  considerably  in  form  and  size  in  different  individuals, 
it  passes  in  a  curved  direction  from  the  upper  part  of  the  sternal  end  of  one  clavicle 
to  that  of  the  other,  and  is  also  attached  to  the  upper  margin  of  the  sternum.  It 
is  in  relation,  in  front ,  with*  the  integument  and  Sternodeidomastoidei;  behind , 
with  the  Sternothvreoidei. 

The  Costoclavicular  Ligament  (ligamentum  costoclavicular  e;  rhomboid  ligament). — 
This,  ligament  is  short,  flat,  strong,  and  rhomboid  in  form.  Attached  below'  to 
the  upper  and  medial  part  of  the  cartilage  of  the  first  rib,  it  ascends  obliquely 
backward  and  laterahvard,  and  is  fixed  above  to  the  costal  tuberosity  on  the  under 
surface  of  the  clavicle.  It  is  in  relation,  in  front,  with  the  tendon  of  origin  of  the 
Subclavius;  behind*  w'ith  the  subclavian  vein. 


The  Articular  Disk  (discus  articularis) . — The  articular  disk  is  flat  and  nearly 
ircular,  interposed  between  the  articulating  surfaces  of  the  sternum  and  clavicle. 
It  is  attached,  above ,  to  the  upper  and  posterior  border  of  the  articular  surface  of 
the  clavicle;  below,  to  the  cartilage  of  the  first  rib,  near  its  junction  w  ith  the  sternum; 
and  by  its  circumference  to  the  interclavicular  and  anterior  and  posterior  sterno¬ 
clavicular  ligaments.  It  is  thicker  at  the  circumference,  especially  its  upper  and 
back  part,  than  at  its  center.  It  divides  the  joint  into  two  cavities,  each  of  w  hich 
is  furnished  with  a  synovia!  membrane. 

> 

Synovial  Membranes. — Of  the  two  synovial  membranes  found  in  this  articulation,  the  lateral 
is  reflected  from  the  sternal  end  of  the  clavicle,  over  the  adjacent  surface  of  the  articular  disk, 
and  around  the  margin  of  the  facet  on  the  cartilage  of  the  first  rib;  the  medial  is  attached  to  the 
margin  of  the  articular  surface  of  the  sternum  and  clothes  the  adjacent  surface  of  the  articular 
disk;  the  latter  is  the  larger  of  the  two. 

Movements. — This  articulation  admits  of  a  limited  amount  of  motion  in  nearly  every  direc¬ 
tion — upward,  downward,  backward,  forward,  as  well  as  circumduction.  When  these  move¬ 
ments  take  place  in  the  joint,  the  clavicle  in  its  motion  carries  the  scapula  with  it,  this  bone 
gliding  on  the  outer  surface  of  the  chest.  This  joint  therefore  forms  the  center  from  which  all 
movements  of  the  supporting  arch  of  the  shoulder  originate,  and  is  the  only  point  of  articulation 
of  the  shoulder  girdle  with  the  trunk.  The  movements  attendant  on  elevation  and  depression  of 
the  shoulder  take  place  between  the  clavicle  and  the  articular  disk,  the  bone  rotating  upon  the 
ligament  on  an  axis  drawn  from  before  backward  through  its  own  articular  facet  ;  when  the  shoulder 
is  moved  forward  and  backward,  the  clavicle,  with  the  articular  disk  rolls  to  and  fro  on  the 
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articular  surface  of  the  sternum,  revolving,  with  a  sliding  movement,  around  an  axis  drawn  nearly 
vertically  through  the  sternum;  in  the  circumduction  of  the  shoulder,  which  is  compounded  of 
these  two  movements,  the  clavicle  revolves  upon  the  articular  disk  and  the  latter,  with  the  clavicle, 
rolls  upon  the  sternum.1  Elevation  of  the  shoulder  is  limited  principally  by  the  costoclavicular 
ligament;  depression,  by  the  interclavicular  ligament  and  articular  disk.  The  muscles  which 
raise  the  shoulder  are  the  upper  fibers  of  the  Trapezius,  the  Levator  scapula?,  and  the  clavicular 
head  of  the  Sternocleidomastoideus,  assisted  to  a  certain  extent  by  the  Rhomboidei,  which  pull 
the  vertebral  border  of  the  scapula  backward  and  upward  and  so  raise  the  shoulder.  The  depres¬ 
sion  of  the  shoulder  is  principally  effected  by  gravity  assisted  by  the  Subclavius,  Pectoralis  minor 
and  lower  fibers  of  the  Trapezius.  The  shoulder  is  drawn  backward  by  the  Rhomboidei  and  the 
middle  and  lower  fibers  of  the  Trapezius,  and  forward  by  the  Serratus  anterior  and  Pectoralis 
minor. 


n.  Acromioclavicular  Articulation  (Articulatio  Acromioclavicularis;  Scapulo¬ 
clavicular  Articulation)  (Fig.  332). 


The  acromioclavicular  articulation  is  an  arthrodial  joint  between  the  acromial 
end  of  the  clavicle  and  the  medial  margin  of  the  acromion  of  the  scapula.  Its 
ligaments  are: 


The  Articular  Capsule. 

The  Superior  Acromioclavicular. 
The  Inferior  Acromioclavicular. 


The  Articular  Disk. 

mi  1.1  (Trapezoid  and 

I  he  Coracoclavicular  |  Conoid 


The  Articular  Capsule  (capsula  articularis;  capsular  ligament). — The  articular 
capsule  completely  surrounds  the  articular  margins,  and  is  strengthened  above 
and  below  by  the  superior  and  inferior  acromioclavicular  ligaments. 

The  Superior  Acromioclavicular  Ligament  ( ligamentum  acromioclaviculare) . — 
This  ligament  is  a  quadrilateral  band,  covering  the  superior  part  of  the  articula¬ 
tion,  and  extending  between  the  upper  part  of  the  acromial  end  of  the  clavicle 
and  the  adjoining  part  of  the  upper  surface  of  the  acromion.  It  is  composed 
of  parallel  fibers,  which  interlace  with  the  aponeuroses  of  the  Trapezius  and 
Deltoideus;  below ,  it  is  in  contact  with  the  articular  disk  when  this  is  present. 

The  Inferior  Acromioclavicular  Ligament. — This  ligament  is  somewhat  thinner 
than  the  preceding;  it  covers  the  under  part  of  the  articulation,  and  is  attached  to 
the  adjoining  surfaces  of  the  two  bones.  It  is  in  relation,  above,  in  rare  cases  with 
the  articular  disk;  below ,  with  the  tendon  of  the  Supraspinatus. 

The  Articular  Disk  ( discus  articularis). — The  articular  disk  is  frequently  absent 
in  this  articulation.  When  present,  it  generally  only  partially  separates  the  artic¬ 
ular  surfaces,  and  occupies  the  upper  part  of  the  articulation.  More  rarely,  it 
completely  divides  the  joint  into  two  cavities. 

The  Synovial  Membrane. — There  is  usually  only  one  synovial  membrane  in  this  articulation, 
but  when  a  complete  articular  disk  is  present,  there  are  two. 

The  Coracoclavicular  Ligament  ( ligamentum  coracoclaviculare)  (Fig.  332). — This 
ligament  serves  to  connect  the  clavicle  with  the  coracoid  process  of  the  scapula. 
It  does  not  properly  belong  to  this  articulation,  but  is  usually  described  with  it, 
since  it  forms  a  most  efficient  means  of  retaining  the  clavicle  in  contact  with  the 
acromion.  It  consists  of  two  fasciculi,  called  the  trapezoid  and  conoid  ligaments. 

The  Trapezoid  Ligament  ( ligamentum  trapezoideum) ,  the  anterior  and  lateral  fas¬ 
ciculus,  is  broad,  thin,  and  quadrilateral:  it  is  placed  obliquely  between  the  cora¬ 
coid  process  and  the  clavicle.  It  is  attached,  below,  to  the  upper  surface  of  the 
coracoid  process;  above,  to  the  oblique  ridge  on  the  under  surface  of  the  clavicle. 
Its  anterior  border  is  free;  its  posterior  border  is  joined  with  the  conoid  ligament, 
the  two  forming,  by  their  junction,  an  angle  projecting  backward. 

The  Conoid  Ligament  ( ligamentum  conoideum),  the  posterior  and  medial  fasciculus, 
is  a  dense  band  of  fibers,  conical  in  form,  with  its  base  directed  upward.  It  is 

1  Humphry,  On  the  Human  Skeleton,  page  402. 
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attached  by  its  apex  to  a  rough  impression  at  the  base  of  the  coracoid  process, 
medial  to  the  trapezoid  ligament  ;  above,  by  its  expanded  base,  to  the  coracoid 
tuberosity  on  the  under  surface  of  the  clavicle,  and  to  a  line  proceeding  medial- 
ward  from  it  for  1.25  cm.  These  ligaments  are  in  relation,  in  front ,  with  the 
Suhciavius  and  Deltoideus;  behind ,  with  the  Trapezius. 


K  aft  fCt  vvUCi 

V  mW' 


Fig.  332,— The  left  shoulder  and  acromioclavicular  joints,  and  the  proper  ligaments  of  the  scapula 


Movements. — The  movements  of  this  articulation  are  of  two  kinds:  (1)  a  gliding  motion  of 
the  articular  end  of  the  clavicle  on  the  acromion;  (2)  rotation  of  the  scapula  forward  and  back¬ 
ward  upon  the  clavicle.  The  extent  of  this  rotation  is  limited  by  the  two  portions  of  the  coraco- 
clavicular  ligament,  the  trapezoid  limiting  rotation  forward,  and  the  conoid  backward. 

The  acromioclavicular  joint  has  important  functions  in  the  movements  of  the  upper  extremity. 
It  has  been  well  pointed  out  by  Humphry,  that  if  there  had  been  no  joint  between  the  clavicle 
and  scapula,  the  circular  movement  of  the  scapula  on  the  ribs  (as  in  throwing  the  shoulders  back¬ 
ward  or  forward)  would  have  been  attended  with  a  greater  alteration  in  the  direction  of  the 
shoulder  than  is  consistent  with  the  free  use  of  the  arm  in  such  positions,  and  it  would  have  been 
impOvSsible  to  give  a  blow  straight  forward  with  the  full  force  of  the  arm;  that  is  to  say,  with  the 
combined  force  of  the  scapula,  arm,  and  forearm.  “This  joint/1  as  he  happily  says,  “  is  bo  adjusted 
as  to  enable  either  bone  to  turn  in  a  hinge- like  manner  upon  a  vertical  axis  drawn  through  the 
other,  and  it  permits  the  surfaces  of  the  scapula,  like  the  baskets  in  a  roundabout  swing,  to  look 
the  same  way  in  every  position,  or  nearly  so.”  Again,  w  ben  the  whole  arch  formed  by  the  clavicle 
and  scapula  rises  and  falls  (in  elevation  or  depression  of  the  shoulder),  the  joint  between  these 
two  bones  enables  t  lie  scapula  still  to  maintain  its  lower  part  in  contact  with  the  ribs. 


THE  LIGAMENTS  OF  THE  SCAPULA. 

The  ligaments  of  the  scapula  (Fig.  332)  are: 

Coracoacromial,  Superior  and  Inferior  Transverse. 

The  Coraco&cromi&l  Ligament  ( ligamentnm  coracoacromuile) , — This  ligament  is  a 
strong  triangular  band,  extending  between  the  coracoid  process  and  the  acromion. 
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It  is  attached,  by  its  apex,  to  the  summit  of  the  acromion  just  in  front  of  the 
articular  surface  for  the  clavicle;  and  by  its  broad  base  to  the  whole  length  of  the 
lateral  border  of  the  coracoid  process.  This  ligament,  together  with  the  coracoid 
process  and  the  acromion,  forms  a  vault  for  the  protection  of  the  head  of  the 
humerus.  It  is  in  relation,  above ,  with  the  clavicle  and  under  surface  of  the  Del- 
toideus;  below ,  with  the  tendon  of  the  Supraspinatus,  a  bursa  being  interposed. 
Its  lateral  border  is  continuous  with  a  dense  lamina  that  passes  beneath  the  Del- 
toideus  upon  the  tendons  of  the  Supraspinatus  and  Infraspinatus.  The  ligament 
is  sometimes  described  as  consisting  of  two  marginal  bands  and  a  thinner  inter¬ 
vening  portion,  the  two  bands  being  attached  respectively  to  the  apex  and  the 
base  of  the  coracoid  process,  and  joining  together  at  the  acromion.  When  the 
Pectoralis  minor  is  inserted,  as  occasionally  is  the  case,  into  the  capsule  of  the 
shoulder-joint  instead  of  into  the  coracoid  process,  it  passes  between  these  two 
bands,  and  the  intervening  portion  of  the  ligament  is  then  deficient. 

The  Superior  Transverse  Ligament  ( ligamentum  transversum  scapulas  superius; 
transverse  or  suprascapular  ligament). — This  ligament  converts  the  scapular  notch 
into  a  foramen.  It  is  a  thin  and  flat  fasciculus,  narrower  at  the  middle  than  at  the 
extremities,  attached  by  one  end  to  the  base  of  the  coracoid  process,  and  by  the 
other  to  the  medial  end  of  the  scapular  notch.  The  suprascapular  nerve  runs 
through  the  foramen;  the  transverse  scapular  vessels  cross  over  the  ligament. 
The  ligament  is  sometimes  ossified. 

The  Inferior  Transverse  Ligament  {ligamentum  transversum  scapulae  inferius; 
spinoglenoid  ligament). — This  ligament  is  a  weak  membranous  band,  situated 
behind  the  neck  of  the  scapula  and  stretching  from  the  lateral  border  of  the  spine 
to  the  margin  of  the  glenoid  cavity.  It  forms  an  arch  under  which  the  transverse 
scapular  vessels  and  suprascapular  nerve  enter  the  infraspinatous  fossa. 

m  Humeral  Articulation  or  Shoulder-joint  (Articulatio  Humeri)  (Fig.  332). 

The  shoulder-joint  is  an  enarthrodial  or  ball-and-socket  joint.  The  bones 
entering  into  its  formation  are  the  hemispherical  head  of  the  humerus  and  the 
shallow  glenoid  cavity  of  the  scapula,  an  arrangement  which  permits  of  very 
considerable  movement,  while  the  joint  itself  is  protected  against  displacement 
by  the  tendons  which  surround  it.  The  ligaments  do  not  maintain  the  joint  sur¬ 
faces  in  apposition,  because  when  they  alone  remain  the  humerus  can  be  separated 
to  a  considerable  extent  from  the  glenoid  cavity;  their  use,  therefore,  is  to  limit 
the  amount  of  movement.  The  joint  is  protected  above  by  an  arch,  formed  by 
the  coracoid  process,  the  acromion,  and  the  coracoacromial  ligament.  The  artic¬ 
ular  cartilage  on  the  head  of  the  humerus  is  thicker  at  the  center  than  at  the  cir¬ 
cumference,  the  reverse  being  the  case  with  the  articular  cartilage  of  the  glenoid 
cavity.  The  ligaments  of  the  shoulder  are: 

The  Articular  Capsule.  The  Glenohumeral. 

The  Coracohumeral.  The  Transverse  Humeral. 

The  Glenoidal  Labrum. 

The  Articular  Capsule  ( capsula  articularis;  capsular  ligament)  (Fig.  334). — The 
articular  capsule  completely  encircles  the  joint,  being  attached,  above,  to  the 
circumference  of  the  glenoid  cavity  beyond  the  glenoidal  labrum;  below,  to  the 
anatomical  neck  of  the  humerus,  approaching  nearer  to  the  articular  cartilage 
above  than  in  the  rest  of  its  extent.  It  is  thicker  above  and  below  than  elsewhere, 
and  is  so  remarkably  loose  and  lax,  that  it  has  no  action  in  keeping  the  bones  in 
contact,  but  allows  them  to  be  separated  from  each  other  more  than  2.5  cm.,  an 
evident  provision  for  that  extreme  freedom  of  movement  which  is  peculiar  to  this 
articulation.  It  is  strengthened,  above,  by  the  Supraspinatus;  below,  by  the  long 
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head  of  the  Triceps  brachii;  behind \  by  the  tendons  of  the  Infraspinatus  and  Teres 
minor;  and  in  front,  by  the  tendon  of  the  Subscapularis.  There  are  usually  three 
openings  in  the  capsule.  One  anteriorly,  below  the  coracoid  process,  establishes 
a  communication  between  the  joint  and  a  bursa  beneath  the  tendon  of  the  Sub- 


Tendon  of  long  head  of  Biceps  brachii 

A  rtknbxT  c/ipmtc  / 


Coracoid  process 


8 nptSwr  tea  tuwerse 
iiya  iti  f  rU  of  scapula 


\.  Glenoidal  latent  m 


Articular  capsule 


Humerus 


Fig,  333. — A  section  through  the  ehoulder- joint. 


Superior  transverse  ligament 


Transverse 

humeral 

ligament 


Bursa 

utbder 

Subscapularu 


Prolongation,  of 
synovial  mem¬ 
brane  on  tendon 
of  Biceps  brachit 


Fig.  334.— Capsule  of  shoulder* joint  (distended) .  Anterior  aspect. 
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scapularis.  The  second,  which  is  not  constant,  is  at  the  posterior  part,  where  an 
opening  sometimes  exists  between  the  joint  and  a  bursal  sac  under  the  tendon 
of  the  Infraspinatus.  The  third  is  between  the  tubercles  of  the  humerus,  for  the 
passage  of  the  long  tendon  of  the  Biceps  brachii. 

The  Cor&cohnmeral  ligament  ( ligamentum  coracokumerale) . — This  ligament  is 
a  broad  band  which  strengthens  the  upper  part  of  the  capsule.  It  arises  from 
the  lateral  border  of  the  coracoid  process,  and  passes  obliquely  downward  and 
lateralward  to  the  front  of  the  greater  tubercle  of  the  humerus,  blending  with  the 
tendon  of  the  Supraspinatus.  This  ligament  is  intimately  united  to  the  capsule 
by  its  hinder  and  lower  border;  but  its  anterior  and  upper  border  presents  a  free 
edge,  which  overlaps  the  capsule. 

Glenohumeral  Ligaments. — In  addition  to  the  coracohumeral  ligament,  three 
supplemental  bands,  which  are  named  the  glenohumeral  ligaments,  strengthen 
the  capsule.  These  may  be  best  seen  by  opening  the  capsule  at  the  back  of  the 
joint  and  removing  the  head  of  the  humerus.  One  on  the  medial  side  of  the  joint 
passes  from  the  medial  edge  of  the  glenoid  cavity  to  the  lower  part  of  the  lesser 
tubercle  of  the  humerus.  A  second  at  the  lower  part  of  the  joint  extends  from 
the  under  edge  of  the  glenoid  cavity  to  the  under  part  of  the  anatomical  neck  of 
the  humerus.  A  third  at  the  upper  part  of  the  joint  is  fixed  above  to  the  apex 
of  the  glenoid  cavity  close  to  the  root  of  the  coracoid  process,  and  passing  down¬ 
ward  along  the  medial  edge  of  the  tendon  of  the  Biceps  brachii,  is  attached  below 
to  a  small  depression  above  the  lesser  tubercle  of  the  humerus.  In  addition  to 
these,  the  capsule  is  strengthened  in  front  by  two  bands  derived  from  the  tendons 
of  the  Pectoralis  major  and  Teres  major  respectively. 

The  Transverse  Humeral  Ligament  (Fig.  334)  is  a  broad  band  passing  from  the 
lesser  to  the  greater  tubercle  of  the  humerus,  and  always  limited  to  that  portion 
of  the  bone  which  lies  above  the  epiphysial  line.  It  converts  the  intertubercular 
groove  into  a  canal,  and  is  the  homologue  of  the  strong  process  of  bone  which 
connects  the  summits  of  the  two  tubercles  in  the  musk  ox. 

The  Glenoidal  Labrum  ( labrium  glenoidale;  glenoid  ligament)  is  a  fibrocartilaginous 
rim  attached  around  the  margin  of  the  glenoid  cavity.  It  is  triangular  on  section, 
the  base  being  fixed  to  the  circumference  of  the  cavity,  while  the  free  edge  is  thin 
and  sharp.  It  is  continuous  above  with  the  tendon  of  the  long  head  of  the  Biceps 
brachii,  which  gives  off  two  fasciculi  to  blend  with  the  fibrous  tissue  of  the  labrum. 
It  deepens  the  articular  cavity,  and  protects  the  edges  of  the  bone.1 

Synovial  Membrane. — The  synovial  membrane  is  reflected  from  the  margin  of  the  glenoid 
cavity  over  the  labrum;  it  is  then  reflected  over  the  inner  surface  of  the  capsule,  and  covers 
the  lower  part  and  sides  of  the  anatomical  neck  of  the  humerus  as  far  as  the  articular  cartilage  on 
the  head  of  the  bone.  The  tendon  of  the  long  head  of  the  Biceps  brachii  passes  through  the  capsule 
and  is  enclosed  in  a  tubular  sheath  of  synovial  membrane,  which  is  reflected  upon  it  from  the 
summit  of  the  glenoid  cavity  and  is  continued  around  the  tendon  into  the  intertubercular  groove 
as  far  as  the  surgical  neck  of  the  humerus  (Fig.  334).  The  tendon  thus  traverses  the  articulation, 
but  it  is  not  contained  within  the  synovial  cavity. 

Bone. — The  burs®  in  the  neighborhood  of  the  shoulder-joint  are  the  following:  (1)  A  constant 
bursa  is  situated  between  the  tendon  of  the  Subscapularis  muscle  and  the  capsule;  it  communicates 
with  the  synovial  cavity  through  an  opening  in  the  front  of  the  capsule;  (2)  a  bursa  which  occasion¬ 
ally  communicates  with  the  joint  is  sometimes  found  between  the  tendon  of  the  Infraspinatus  and 
the  capsule;  (3)  a  large  bursa  exists  between  the  under  surface  of  the  Deltoideus  and  the  capsule, 
but  does  not  communicate  with  the  joint;  this  bursa  is  prolonged  under  the  acromion  and  coraco- 
acromial  ligament,  and  intervenes  between  these  structures  and  the  capsule;  (4)  a  large  bursa 
is  situated  on  the  summit  of  the  acromion;  (5)  a  bursa  is  frequently  found  between  the  cora¬ 
coid  process  and  the  capsule;  (6)  a  bursa  exists  beneath  the  Coracobrachialis;  (7)  one  lies 
between  the  Teres  major  and  the  long  head  of  the  Triceps  brachii;  (8)  one  is  placed  in  front  of, 
and  another  behind,  the  tendon  of  the  Latissimus  dorsi. 

The  muscles  in  relation  with  the  joint  are,  above,  the  Supraspinatus;  below ,  the  long  head  of 

. 1  The  long  tendon  of  origin  of  the  biceps  brachii  also  acts  as  one  of  the  ligaments  of  this  joint.  See  the  observa¬ 
tions  on  page  287,  on  the  function  of  the  muscles  passing  over  more  than  one  joint. 


SYNDESMOLOGY 


theTrkepa  brachU;  in  front,  Ike  Sub&eiipularis:  hokbid.  the . Infraspiimt us- aod  Teres  minor;  v^Ai’n, 
the  tendon  of  the  lone,  head  cf  the  Bicep?  bnrchik  The  Dehoideus  covers  the  ar.ticukuion  in 
frotJt ,  l>V:hin*i5  >in#i 

'  The  arteries  ftapptyuiK  ilie  joint  are  art.ic*ukr  branches  of,  the  anterior  and  posterior  humeral 
icircu£ti3fteitcr'  -  '  ;trjwD&.V^We.  Scapular*  • 

The.  nerves  &re  derived  from  the  arilkry  and  supr&*cupniar. 

Movems&ts  .—-The  shoulder-joint  k  capable  of  every  variety  of  movement,  flexion'  exUtnskm, 
abduction,  p\Jiiu<j*tjLon,  mrcumduciion,  unci  rotation.  Thrr .  humr-rus  la  'jifsttai 
by  the- ■  FectoraliiS  major,  anterior  fibem  of  the  Poftoidcui;,  CotacobrAebialisv  ?md  'wb^ri* 
arm  is  feetb  by  the  Biceps  brachii;  itilmiti&j  (df&wff  baekivarcl,}  by  the-  taiusumift  .datj&V  -Teres- 
major,  pmi eriar  Fibers  of  the  Deltoideus,  and,  when  the  forearm  in  extended,  by  the  Ttip&pQ 
fcrdchii:  it  k  uMnded  by  the  ttelioideu*  and  h  ‘is  adducted  1>y  the  ?>ttb»hepuhtrist ' 

Peetoralk  major,  balks irnus  (tor»I,  and  Teres'hiajor,  and  b»y'ihe.'wei|^ii  of  the.tob;dt'fe:r«^eff;' 
oulimni  by  the  Infraspinatus  and  Teree  minor;  and  it  rip rttotyd  mu\nnj  by  the  ^hscapnl&ria, 
X&tiseimiis  d<m\x  Teres  major*/  Pectoeaiis  major,  a#d  t hr  ao tenor  fites  of  t8e  Delt^ideML 
The  most  striking-  peciiliarifies  in  this  joint  are;  Cl)  'fh^iarge  sit<  of  the  iierul  of  the  humenis 
in  com [mnsdn  with  the  dnpth  of  the  glenoid  cavity,  vyph  when  this*  hitler  is  JHfppteros’ti t  edby. 'ite- ' 
gleitoidal  tahnnn,  (2)  The  loo^ne^-  of  the  capsule  of. the  joint.  ®  The  intimate  eonnootten  of 
the  ct^isci  Je  «rcih  the  muscles  attached  to  t  he  head  of  the  h  unserus.  (j)  The  peculiar  tela  tidu  of 
the  tendon  of  the  long  head  of  the  Btgops  brachii  to  the  joim. 
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The  looseness  of  the  capsule  is  so  great  that  the  arm  will  fall  about  2.5  cm.  from  the  scapula 
when  the  muscles  are  dissected  from  the  capsule,  and  an  opening  made  in  it  to  counteract  the 
atmospheric  pressure.  The  movements  of  the  joint,  therefore,  are  not  regulated  by  the  capsule 
so  much  as  by  the  surrounding  muscles  and  by  the  pressure  of  the  atmosphere,  an  arrangement 
which  “renders  the  movements  of  the  joint  much  more  easy  than  they  would  otherwise  have 
been,  and  permits  a  swinging,  pendulum-like  vibration  of  the  limb  when  the  muscles  are  at  rest” 
(Humphry).  The  fact,  also,  that  in  all  ordinary  positions  of  the  joint  the  capsule  is  not  put  on 
the  stretch,  enables  the  arm  to  move  freely  in  all  directions.  Extreme  movements  are  checked 
by  the  tension  of  appropriate  portions  of  the  capsule,  as  well  as  by  the  interlocking  of  the  bones. 
Thus  it  is  said  that  “abduction  is  checked  by  the  contact  of  the  great  tuberosity  with  the  upper 
edge  of  the  glenoid  cavity;  adduction  by  the  tension  of  the  coracohumeral  ligament”  (Beaunis 
et  Bouchard).  Cleland1  maintains  that  the  limitations  of  movement  at  the  shoulder- joint  are 
due  to  the  structure  of  the  joint  itself,  the  glenoidal  labrum  fitting,  in  different  positions  of  the 
elevated  arm,  into  the  anatomical  neck  of  the  humerus. 

The  scapula  is  capable  of  being  moved  upward  and  downward,  forward  and  backward,  or,  by 
&  combination  of  these  movements,  circumducted  on  the  wall  of  the  chest.  The  muscles  which 
raise  the  scapula  are  the  upper  fibers  of  the  Trapezius,  the  Levator  scapulae,  and  the  Rhomboidei; 
those  which  depress  it  are  the  lower  fibers  of  the  Trapezius,  the  Pectoralis  minor,  and,  through 
the  clavicle,  the  Subclavius.  The  scapula  is  drawn  backward  by  the  Rhomboidei  and  the  middle 
and  lower  fibers  of  the  Trapezius,  and  forward  by  the  Serratus  anterior  and  Pectoralis  minor, 
assisted,  when  the  arm  is  fixed,  by  the  Pectoralis  major.  The  mobility  of  the  scapula  is  very 
considerable,  and  greatly  assists  the  movements  of  the  arm  at  the  shoulder-joint.  Thus,  in 
raising  the  arm  from  the  side,  the  Deltoideus  and  Supraspinatus  can  only  lift  it  to  a  right  angle 
with  the  trunk,  the  further  elevation  of  the  limb  being  effected  by  the  Trapezius  and  Serratus 
anterior  moving  the  scapula  on  the  wall  of  the  chest.  This  mobility  is  of  special  importance  in 
ankylosis  of  the  shoulder-joint,  the  movements  of  this  bone  compensating  to  a  very  great  extent 
for  the  immobility  of  the  joint. 

Cat  heart2  has  pointed  out  that  in  abducting  the  arm  and  raising  it  above  the  head,  the  scapula 
rotates  throughout  the  whole  movement  with  the  exception  of  a  short  space  at  the  beginning 
and  at  the  end;  that  the  humerus  moves  on  the  scapula  not  only  while  passing  from  the  hanging 
to  the  horizontal  position,  but  also  in  travelling  upward  as  it  approaches  the  vertical  above; 
that  the  clavicle  moves  not  only  during  the  second  half  of  the  movement  but  in  the  first  as  well, 
though  to  a  less  extent — i.  e.t  the  scapula  and  clavicle  are  concerned  in  the  first  stage  as  well 
aa  in  the  second;  and  that  the  humerus  is  partly  involved  in  the  second  as  well  as  chiefly  in  the 
first. 

The  intimate  union  of  the  tendons  of  the  Supraspinatus,  Infraspinatus,  Teres  minor  and 
Subscapul&ris  with  the  capsule,  converts  these  muscles  into  elastic  and  spontaneously  acting 
ligaments  of  the  joint. 

The  peculiar  relations  of  the  tendon  of  the  long  head  of  the  Biceps  brachii  to  the  shoulder- 
joint  appear  to  subserve  various  purposes.  In  the  first  place,  by  its  connection  with  both  the 
shoulder  and  elbow  the  muscle  harmonizes  the  action  of  the  two  joints,  and  acts  as  an  elastic 
ligament  in  all  positions,  in  the  manner  previously  discussed  (see  page  287).  It  strengthens  the 
upper  part  of  the  articular  cavity,  and  prevents  the  head  of  the  humerus  from  being  pressed  up 
against  the  acromion,  when  the  Deltoideus  contracts;  it  thus  fixes  the  head  of  the  humerus  as 
the  center  of  motion  in  the  glenoid  cavity.  By  its  passage  along-  the  intertubercular  groove  it 
assists  in  steadying  the  head  of  the  humerus  in  the  various  movements  of  the  arm.  When  the 
arm  is  raised  from  the  side  it  assists  the  Supraspinatus  and  Infraspinatus  in  rotating  the  head 
of  the  humerus  in  the  glenoid  cavity.  It  also  holds  the  head  of  the  bone  firmly  in  contact  with 
the  glenoid  cavity,  and  prevents  its  slipping  over  its  lower  edge,  or  being  displaced  by  the  action 
of  the  Latissimus  dorsi  and  Pectoralis  major,  as  in  climbing  and  many  other  movements. 

IV.  Elbow-joint  (Articulatio  Cubiti)  (Figs.  336,  337). 

The  elbow-joint  is  a  ginglymus  or  hinge-joint.  The  trochlea  of  the  humerus  is 
received  into  the  semilunar  notch  of  the  ulna,  and  the  capitulum  of  the  humerus 
articulates  with  the  fovea  on  the  head  of  the  radius.  The  articular  surfaces  are 
connected  together  by  a  capsule,  which  is  thickened  medially  and  laterally  into  the 
ainar  collateral  and  the  radial  collateral  ligaments. 

The  Articular  Capsule  (Fig.  336). — The  anterior  part  is  a  broad  and  thin  fibrous 
layer  covering  the  anterior  surface  of  the  joint.  It  is  attached  to  the  front  of  the 
medial  epicondyle  and  to  the  front  of  the  humerus  immediately  above  the  coronoid 
and  radial  fossae;  below ,  to  the  anterior  surface  of  the  coronoid  process  of  the  ulna 
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pass  from  the  upper  part  of  the  coronoid  depression  and  become  partly  blended 
with  the  preceding,  but  are  inserted  mainly  into  the  anterior  surface  of  the  coronoid 
process.  The  deep  or  transverse  set  intersects  these  at  right  angles.  It  is  in  rela¬ 
tion.  in  front,  with  the  BrachiaJis,  except  at  its  most  lateral  part. 

The  posterior  part  { Fig.  337) ,  is  th  In  and  membranous,  and  consists  of  transverse  and 
oblique  fibers.  Above,  it  is  attached  to  the  humerus  immediately  behind  the  capitu- 
lum  and  close  to  the  medial  margin  of  the  trochlea,  to  the  margins  of  the  olecranon 
fossa,  and  to  the  back  of  the  lateral  epicondyie  some  little  distance  from  the  trochlea. 
Mow,  it  is  fixed  to  the  upper  and  lateral  margins  of  the  olecranon,  to  the  posterior 
part  of  the  annular  ligament,  and  to  the  ulna  behind  the  radial  notch.  The  trans- 
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verse  fibers  form  a  strong  band  which  bridges  across  the  olecranon  fossa;  under 
cover  of  this  band  a  pouch  of  synovial  membrane  and  a  pad  of  fat  project  into  the 
upper  part  of  the  fossa  when  the  joint  is  extended.  In  the  fat  are  a  few  scattered 
fibrous  bundles,  which  pass  from  the  deep  surface  of  the  transverse  band  to  the 
upper  part  of  the  fossa.  It  is  in  relation,  behind ,  with  the  tendon  of  the  Triceps 
brachii  and  the  Ancomeus. 

The  Ulnar  Collateral  Ligament  ( ligamentum  collaterale  ulnar e;  internal  lateral 
ligament)  (Fig.  336). — This  ligament  is  a  thick  triangular  band  consisting  of  two 
portions,  an  anterior  and  posterior  united  by  a  thinner  intermediate  portion.  The 
anterior  portion,  directed  obliquely  forward,  is  attached,  above ,  by  its  apex,  to  the 
front  part  of  the  medial  epicondyie  of  the  humerus;  and,  below,  by  its  broad  base 
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to  the  medial  margin  of  the  coronoid  process.  The  posterior  portion,  also  of  trian¬ 
gular  form,  is  attached,  above,  by  its  apex,  to  the  lower  and  back  part  of  the  medial 
epicondyle;  below ,  to  the  medial  margin  of  the  olecranon.  Between  these  two 
bands  a  few  intermediate  fibers  descend  from  the  medial  epicondyle  to  blend  with 
a  transverse  band  which  bridges  across  the  notch  between  the  olecranon  and  the 
coronoid  process.  This  ligament  is  in  relation  with  the  Triceps  brachii  and  Flexor 
carpi  ulnaris  and  the  ulnar  nerve,  and  gives  origin  to  part  of  the  Flexor  digitorum 
sublimis. 

The  Radial  Collateral  Ligament  ( ligamentum  collaterale  radiale;  external  lateral 
ligament)  (Fig.  337). — This  ligament  is  a  short  and  narrow  fibrous  band,  less  dis¬ 
tinct  than  the  ulnar  collateral,  attached,  above ,  to  a  depression  below  the  lateral 
epicondyle  of  the  humerus;  below,  to  the  annular  ligament,  some  of  its  most  pos¬ 
terior  fibers  passing  over  that  ligament,  to  be  inserted  into  the  lateral  margin  of 
the  ulna.  It  is  intimately  blended  with  the  tendon  of  origin  of  the  Supinator. 

Synovial  Membrane  (Figs.  339,  340). — The  synovial  membrane  is  very  extensive.  It  extends 
from  the  margin  of  the  articular  surface  of  the  humerus,  and  lines  the  coronoid,  radial  and  olec¬ 
ranon  fossae  on  that  bone;  it  is  reflected  over  the  deep  surface  of  the  capsule  and  forms  a  pouch 
between  the  radial  notch,  the  deep  surface  of  the  annular  ligament,  and  the  circumference  of  the 
head  of  the  radius.  Projecting  between  the  radius  and  ulna  into  the  cavity  is  a  crescentic  fold  of 
synovial  membrane,  suggesting  the  division  of  the  joint  into  two;  one  the  humeroradial,  the 
other  the  humeroulnar. 

Between  the  capsule  and  the  synovial  membrane  are  three  masses  of  fat:  the  largest,  over 
the  olecranon  fossa,  is  pressed  into  the  fossa  by  the  Triceps  brachii  during  the  flexion;  the  second, 
over  the  coronoid  fossa,  and  the  third,  over  the  radial  fossa,  are  pressed  by  the  Brachialis  into 
their  respective  fossae  during  extension. 

The  muscles  in  relation  with  the  joint  are,  in  front,  the  Brachialis;  behind ,  the  Triceps  brachii 
and  Ancon  a?  us;  laterally,  the  Supinator,  and  the  common  tendon  of  origin  of  the  Extensor  muscles; 
medially ,  the  common  tendon  of  origin  of  the  Flexor  muscles,  and  the  Flexor  carpi  ulnaris. 

The  arteries  supplying  the  joint  are  derived  from  the  anastomosis  between  the  profunda  and 
the  superior  and  inferior  ulnar  collateral  branches  of  the  brachial,  with  the  anterior,  posterior, 
and  interosseous  recurrent  branches  of  the  ulnar,  and  the  recurrent  branch  of  the  radial.  These 
vessels  form  a  complete  anastomotic  network  around  the  joint. 

The  nerves  of  the  joint  are  a  twig  from  the  ulnar,  as  it  passes  between  the  medial  condyle  and 
the  olecranon;  a  filament  from  the  musculocutaneous,  and  two  from  the  median. 

Movements. — The  elbow-joint  comprises  three  different  portions — viz.,  the  joint  between 
the  ulna  and  humerus,  that  between  the  head  of  the  radius  and  the  humerus,  and  the  proximal 
radioulnar  articulation,  described  below.  All  these  articular  surfaces  are  enveloped  by  a  common 
synovial  membrane,  and  the  movements  of  the  whole  joint  should  be  studied  together.  The  com¬ 
bination  of  the  movements  of  flexion  and  extension  of  the  forearm  with  those  of  pronation  and 
supination  of  the  hand,  which  is  ensured  by  the  two  being  performed  at  the  same  joint,  is  essential 
to  the  accuracy  of  the  various  minute  movements  of  the  hand. 

The  portion  of  the  joint  between  the  ulna  and  humerus  is  a  simple  hinge-joint,  and  allows  of 
movements  of  flexion  and  extension  only.  Owing  to  the  obliquity  of  the  trochlea  of  the  humerus, 
this  movement  does  not  take  place  in  the  antero-posterior  plane  of  the  body  of  the  humerus. 
When  the  forearm  is  extended  and  supinated,  the  axes  of  the  arm  and  forearm  are  not  in  the  same 
line;  the  arm  forms  an  obtuse  angle  with  the  forearm,  the  hand  and  forearm  being  directed  lateral- 
ward.  During  flexion,  however,  the  forearm  and  the  hand  tend  to  approach  the  middle  line  of 
the  body,  and  thus  enable  the  hand  to  be  easily  carried  to  the  face.  The  accurate  adaptation 
of  the  trochlea  of  the  humerus,  with  its  prominences  and  depressions,  to  the  semilunar  notch  of 
the  ulna,  prevents  any  lateral  movement.  Flexion  is  produced  by  the  action  of  the  Biceps  brachii 
and  Brachialis,  assisted  by  the  Brachioradialis  and  the  muscles  arising  from  the  medial  condyle 
of  the  humerus;  extension,  by  the  Triceps  brachii  and  Anconaeus,  assisted  by  the  Extensors  of 
the  wrist,  the  Extensor  digitorum  communis,  and  the  Extensor  digiti  quinti  proprius. 

The  joint  between  the  head  of  the  radius  and  the  capitulum  of  the  humerus  is  an  arthrodial 
joint.  The  bony  surfaces  would  of  themselves  constitute  an  enarthrosis  and  allow  of  movement 
in  all  directions,  were  it  not  for  the  annular  ligament,  by  which  the  head  of  the  radius  is  bound 
to  the  radial  notch  of  the  ulna,  and  which  prevents  any  separation  of  the  two  bones  laterally. 
It  is  to  the  same  ligament  that  the  head  of  the  radius  owes  its  security  from  dislocation,  which 
would  otherwise  tend  to  occur,  from  the  shallowness  of  the  cup-like  surface  on  the  head  of  the 
radius.  In  fact,  but  for  this  ligament,  the  tendon  of  the  Biceps  brachii  would  be  liable  to  pull 
the  head  of  the  radius  out  of  the  joint.  The  head  of  the  radius  is  not  in  complete  contact  with 
the  capitulum  of  the  humerus  in  all  positions  of  the  joint.  The  capitulum  occupies  only  the 
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anterior  and  inferior  surfaces  of  the  lower  end  of  the  humerus,  so  that  in  complete  extension  a 
part  of  the  radial  head  can  be  plainly  felt  projecting  at  the  back  of  the  articulation,  in  full 
fteucm  the  movement  of  the  radial  head  is  hampered  by  the  compression  of  the  surrounding  soft 
parts,  so  that  the  freest  rotatory  movement  of  the  radius  on  the  humerus  (pronation  and  supina¬ 
tion*  takes  place  in  semiflexion,  in  which  position  the  two  articular  surfaces  are  in  most  intimate 
eootact.  Flexion  and  extension  of  the  elbow-joint  are  limited  by  the  tension  of  the  st  ructures 
oo  the  front  and  back  of  the  joint;  the  limitation  of  flexion  is  also  aided  by  the  soft  structures  of 
the  ann  and  forearm  coming  into  contact. 
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In  any  position  of  flexion  or  extension,  the  radius,  carrying  the  hand  with  it,  can  be  rotated  in 
the  proximal  radioulnar  joint.  The  hand  is  directly  articulated  to  the  lower  surface  of  the  radius 
only,  find  the  ulnar  notch  on  the  lower  end  of  the  radius  travels  around  the  lower  end  of  the  ulna. 
The  latter  bone  is  excluded  from  the  wrist-joint  by  the  articular  disk.  Thus,  rotation  of  the  head 
of  the  radius  around  an  axis  passing  through  the  center  of  the  radial  head  of  the  humerus  imparts 
circular  movement  to  the  hand  through  a  very  considerable  arc. 


V,  Radioulnar  Articulations  (Articulatio  Radioulnaris). 

The  articulation  of  the  radius  with  the  ulna  is  effected  by  ligaments  which  con¬ 
nect  together  the  extremities  as  well  as  the  bodies  of  these  bones.  The  ligaments 
may,  consequently,  be  subdivided  into  three  sets:  1,  those  of  the  proximal  radio¬ 
ulnar  articulation;  2,  the  middle  radioulnar  ligaments;  3,  those  of  the  distal  radio¬ 
ulnar  articulation. 

Proximal  Radioulnar  Articulation  (articulatio  radioulnar ix  proximalis;  superior 
radioulnar  joint). — This  articulation  is  a  trochoid  or  pivot-joint  between  the 
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circumference  of  the  head  of  the  radius  and  the  ring  formed  by  the  radial  notch 
of  the  ulna  and  the  annular  ligament . 

The  Annular  Ligament  (ligamentum  annulare  radii;  orbicular  ligament)  (Fig.  341). 
— This  ligament  is  a  strong  band  of  fibers,  which  encircles  the  head  of  the  radius, 
and  retains  it  in  contact  with  the  radial  notch  of  the  ulna.  It  forms  about  four- 
fifths  of  the  osseo-fihrous  ring,  and  is  attached  to  the  anterior  and  posterior  margins 
of  the  radial  notch;  a  few  of  its  lower  fibers  are  continued  around  below  the  cavity 
and  form  at  this  level  a  complete  fibrous  ring.  Its  upper  border  blends  with  the 
anterior  and  posterior  ligaments  of  the  elbow,  while  from  its  lower  border  a  thin 
loose  membrane  passes  to  be  attached  to  the  neck  of  the  radius;  a  thickened  band 
which  extends  from  the  inferior  border  of  the  annular  ligament  below  the  radial 
notch  to  the  neck  of  the  radius  is  known  as  the  quadrate  ligament.  The  superficial 
surface  of  the  annular  ligament  is  strengthened  by  the  radial  collateral  ligament 
of  the  elbow,  and  affords  origin  to  part  of  the  Supinator.  Its  deep  surface  is  smooth, 
and  lined  by  synovial  membrane,  which  is  continuous  with  that  of  the  elbow-joint. 


Head  of  radius  Quadrate  Scvit lunar 

V cut  ligament  notch 


Olecranon  (citfj 

Fig.  341. — Annular  ligament  of  radius,  from  above.  The  head  of  the  radius  haa  boen  sawn  off  and  the  booe 

dislodged  from  the  ligament. 

Movements. — The  movements  allowed  in  this  articulation  are  limited  to  rotatory  movements 
of  the  head  of  the  radius  within  the  ring  formed  by  the  annular  ligament  and  the  radial  notch 
of  the  ulna;  rotation  forward  being  called  pr emotion;  rotation  backward,  supination.  Supination 
is  performed  by  the  Biceps  brachii  and  Supinator,  assisted  to  a  slight  extent  by  the  Extensor 
muscles  of  the  thumb.  Pronation  is  performed  by  the  Pronator  teres  and  Pronator  quadrat  us. 

Middle  Radioulnar  Union. — The  shafts  of  the  radius  and  ulna  are  connected 
by  the  Oblique  Cord  and  the  Interosseous  Membrane. 

The  Oblique  Cord  ( chorda  ohliqua;  oblique  ligament)  (Fig.  336). — The  oblique 
cord  is  a  small,  flattened  band,  extending  downward  and  lateral  ward,  from  the 
lateral  side  of  the  tubercle  of  the  ulna  at  the  base  of  the  coronoid  process  to  the 
radius  a  little  below  the  radial  tuberosity.  Its  fibers  run  in  the  opposite  direction 
to  those  of  the  interosseous  membrane.  It  is  sometimes  wanting. 

The  Interosseous  Membrane  (membrana  interosmi  antehrachii). — The  interosseous 
membrane  is  a  broad  and  thin  plane  of  fibrous  tissue  descending  obliquely  down¬ 
ward  and  medialwurd,  from  the  interosseous  crest  of  the  radius  to  that  of  the  ulna; 
the  lower  part  of  the  membrane  is  attached  to  the  posterior  of  the  two  lines  into 
which  the  interosseous  crest  of  the  radius  divides.  It  is  deficient  above,  commencing 
about  2.5  cm.  beneath  the  tuberosity  of  the  radius;  is  broader  in  the  middle  than 
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at  either  end ;  and  presents  an  oval  aperture  a  little  above  its  lower  margin  for  the 
passage  of  the  volar  interosseous  vessels  to  the  back  of  the  forearm.  This  mem¬ 
brane  serves  to  connect  the  bones,  and  to  increase  the  extent  of  surface  for  the 
attachment  of  the  deep  muscles.  Between  its  upper  border  and  the  oblique  cord 
is  a  gap,  through  which  the  dorsal  interosseous  vessels  pass.  Two  or  three  fibrous 
bands  are  occasionally  found  on  the  dorsal  surface  of  this  membrane;  they  descend 
obliquely  from  the  ulna  toward  the  radius,  and  have  consequently  a  direction 
contrary  to  that  of  the  other  fibers.  The  membrane  is  in  relation,  in  front ,  by 
its  upper  three-fourths,  with  the  Flexor  pollicis  longus  on  the  radial  side,  and  with 
the  Flexor  digitorum  profundus  on  the  ulnar,  lying  in  the  interval  between  which 
are  the  volar  interosseous  vessels  and  nerve;  by  its  lower  fourth  with  the  Pronator 
quadratus;  behind ,  with  the  Supinator,  Abductor  pollicis  longus,  Extensor  pollicis 
brevis,  Extensor  pollicis  longus,  Extensor  indicis  proprius;  and,  near  the  wrist, 
with  the  volar  interosseous  artery  and  dorsal  interosseous  nerve. 

Distal  Radioulnar  Articulation  {articulatio  radioulnar is  distalis;  inferior  radio - 
ulnar  joint). — This  is  a  pivot-joint  formed  between  the  head  of  the  ulna  and  the 
ulnar  notch  on  the  lower  end  of  the  radius.  The  articular  surfaces  are  connected 
together  by  the  following  ligaments: 

The  Volar  Radioulnar.  The  Dorsal  Radioulnar. 

The  Articular  Disk. 

The  Volar  Radioulnar  Ligament  {anterior  radioulnar  ligament)  (Fig.  342). — This 
ligament  is  a  narrow  band  of  fibers  extending  from  the  anterior  margin  of  the  ulnar 
notch  of  the  radius  to  the  front  of  the  head  of  the  ulna. 

The  Dorsal  Radioulnar  Ligament  ( posterior  radioulnar  ligament)  (Fig.  343). — 
This  ligament  extends  between  corresponding  surfaces  on  the  dorsal  aspect  of  the 
articulation. 

The  Articular  Disk  {discus  articularis;  triangular  fibrocartilage)  (Fig.  344). — The 
articular  disk  is  triangular  in  shape,  and  is  placed  transversely  beneath  the  head 
of  the  ulna,  binding  the  lower  ends  of  the  ulna  and  radius  firmly  together.  Its 
periphery  is  thicker  than  its  center,  wrhich  is  occasionally  perforated.  It  is  attached 
by  its  apex  to  a  depression  between  the  styloid  process  and  the  head  of  the  ulna; 
and  by  its  base,  which  is  thin,  to  the  prominent  edge  of  the  radius,  which  separates 
the  ulnar  notch  from  the  carpal  articular  surface.  Its  margins  are  united  to  the 
lig  ments  of  the  wrist-joint.  Its  upper  surface,  smooth  and  concave,  articulates 
with  the  head  of  the  ulna,  forming  an  arthrodial  joint;  its  under  surface,  also  con¬ 
cave  and  smooth,  forms  part  of  the  wrist-joint  and  articulates  with  the  triangular 
bone  and  medial  part  of  the  lunate.  Both  surfaces  are  clothed  by  synovial  mem¬ 
brane;  the  upper,  by  that  of  the  distal  radioulnar  articulation,  the  under,  by  that 
of  the  wrist. 

Synovial  Membrane  (Fig.  334). — The  synovial  membrane  of  this  articulation  is  extremely 
loose,  and  extends  upward  as  a  recess  ( recessus  sacciformis)  between  the  radius  and  the  ulna. 

Movements. — The  movements  in  the  distal  radioulnar  articulation  consist  of  rotation  of  the 
lower  end  of  the  radius  around  an  axis  which  passes  through  the  center  of  the  head  of  the  ulna. 
When  the  radius  rotates  forward,  pronation  of  the  forearm  and  hand  is  the  result;  and  when  back¬ 
ward,  supination.  It  will  thus  be  seen  that  in  pronation  and  supination  the  radius  describes  the 
segment  of  a  cone,  the  axis  of  which  extends  from  the  center  of  the  head  of  the  radius  to  the 
middle  of  the  head  of  the  ulna.  In  this  movement  the  head  of  the  ulna  is  not  stationary,  but 
describes  a  eurve  in  a  direction  opposite  to  that  taken  by  the  head  of  the  radius.  This,  however, 
is  not  to  be  regarded  as  a  rotation  of  the  ulna — the  curve  which  the  head  of  this  bone  describes 
is  due  to  a  combined  antero-posterior  and  rotatory  movement,  the  former  taking  place  almost 
entirely  at  the  elbow-joint,  the  latter  at  the  shoulder-joint. 

VI.  Radiocarpal  Articulation  or  Wrist-joint  (Articulatio  R&dioc&rpea) 

(Figs.  342,  343). 

The  wrist-joint  is  a  condyloid  articulation.  The  parts  forming  it  are  the  lower 
end  of  the  radius  and  under  surface  of  the  articular  disk  above;  and  the  navicular, 
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lunate,  and  triangular  bones  below.  The  articular  surface  of  the  radius  and  the 
under  surface  of  the  articular  disk  form  together  a  transversely  elliptical  concave 
surface,  the  receiving  cavity.  The  superior  articular  surfaces  of  the  navicular, 
lunate,  and  triangular  form  a  smooth  convex  surface,  the  condyle,  which  is  received 
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Via.  342. — The  ligaments  of  the  left  wriart  and  metacarpus.  Volar  aspect. 

into  the  concavity.  The  joint  is  surrounded  by  a  capsule  and  strengthened  by 
the  following  ligaments: 

The  Volar  Radiocarpal.  The  Ulnar  Collateral. 

The  Dorsal  Radiocarpal.  The  Radial  Collateral. 

The  Volar  Radiocarpal  Ligament  {ligamentutn  radiocarpeum  volare;  anterior  liga¬ 
ment)  (Fig.  342). --This  ligament  is  a  broad  membranous  hand,  attached  above 
to  the  anterior  margin  of  the  lower  end  of  the  radius,  to  its  styloid  process,  and  to 
the  front  of  the  lower  end  of  the  ulna;  its  fibers  pass  downward  and  medialward 
to  be  inserted  into  the  volar  surfaces  of  the  navicular,  lunate,  and  triangular 
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bones,  some  being  continued  to  the  capitate.  In  addition  to  this  broad  mem* 
brane,  there  is  a  rounded  fasciculus,  superficial  to  the  rest,  which  reaches  from  the 
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Fig  343- — The  ligaments  of  the  left  wrist;*  Dorsal  aspect 
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Flo.  3 Vertical  section  through  the  articulation*  at  the  writft.  showing  the  synovial  cavities. 

base  of  the  styloid  process  of  the  ulna  to  the  lunate  and  triangular  bones.  The 
ligament  ?>  perforated  by  apertures  for  the  passage  of  vessels,  and  is  in  relation, 
i n  front,  with  the  tendons  of  the  Flexor  digitorum  profundus  and  Flexor  pollicis 
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longus;  behind ,  it  is  closely  adherent  to  the  anterior  border  of  the  articular  disk 
of  the  distal  radioulnar  articulation. 

The  Dorsal  Radiocarpal  Ligament  ( ligamentum  radiocarpeum  dorsale;  posterior 
ligament)  (Fig.  343). — The  dorsal  radiocarpal  ligament  less  thick  and  strong  than 
the  volar,  is  attached,  above ,  to  the  posterior  border  of  the  lower  end  of  the  radius; 
its  fibers  are  directed  obliquely  downward  and  medialward,  and  are  fixed,  below , 
to  the  dorsal  surfaces  of  the  navicular,  lunate,  and  triangular,  being  continuous 
with  those  of  the  dorsal  intercarpal  ligaments.  It  is  in  relation,  behind ,  with  the 
Extensor  tendons  of  the  fingers;  in  front,  it  is  blended  with  the  articular  disk. 

The  Ulnar  .Collateral  Ligament  ( ligamentum  collaterals  carpi  ulnare;  internal 
lateral  ligament )  (Fig.  342). — The  ulnar  collateral  ligament  is  a  rounded  cord, 
attached  above  to  the  end  of  the  styloid  process  of  the  ulna,  and  dividing  below 
into  two  fasciculi,  one  of  which  is  attached  to  the  medial  side  of  the  triangular 
bone,  the  other  to  the  pisiform  and  transverse  carpal  ligament. 

The  Radial  Collateral  Ligament  (i ligamentum  collaterale  carpi  radiate;  external 
lateral  ligament)  (Fig.  343). — The  radial  collateral  ligament  extends  from  the  tip 
of  the  styloid  process  of  the  radius  to  the  radial  side  of  the  navicular,  some  of  its 
fibers  being  prolonged  to  the  greater  multangular  bone  and  the  transverse  carpal 
ligament.  It  is  in  relation  with  the  radial  artery,  which  separates  the  ligament 
from  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis. 

Synovial  Membrane  (Fig.  344). — The  synovial  membrane  lines  the  deep  surfaces  of  the  liga¬ 
ments  above  described,  extending  from  the  margin  of  the  lower  end  of  the  radius  and  articular 
disk  above  to  the  margins  of  the  articular  surfaces  of  the  carpal  bones  below.  It  is  loose  and 
lax,  and  presents  numerous  folds,  especially  behind. 

The  wrist-joint  is  covered  in  front  by  the  Flexor,  and  behind  by  the  Extensor  tendons. 

The  arteries  supplying  the  joint  are  the  volar  and  dorsal  carpal  branches  of  the  radial  and 
ulnar,  the  volar  and  dorsal  metacarpals,  and  some  ascending  branches  from  the  deep  volar  arch. 

The  nerves  are  derived  from  the  ulnar  and  dorsal  interosseous. 

Movements. — The  movements  permitted  in  this  joint  are  flexion,  extension,  abduction,  adduc¬ 
tion,  and  circumduction.  They  will  be  studied  with  those  of  the  carpus,  with  which  they  are 
combined. 


VII.  Intercarpal  Articulations  (Articulationes  Intercarpeae;  Articulations 

of  the  Carpus). 

These  articulations  may  be  subdivided  into  three  sets: 

1.  The  Articulations  of  the  Proximal  Row  of  Carpal  Bones. 

2.  The  Articulations  of  the  Distal  Row  of  Carpal  Bones. 

3.  The  Articulations  of  the  Two  Rows  with  each  Other. 

Articulations  of  the  Proximal  Row  of  Carpal  Bones. — These  are  arthrodial 
joints.  The  navicular,  lunate,  and  triangular  are  connected  by  dorsal,  volar,  and 
interosseous  ligaments. 

The  Dorsal  Ligaments  ( ligamenta  intercarpea  dorsalia). — The  dorsal  ligaments, 
two  in  number,  are  placed  transversely  behind  the  bones  of  the  first  row;  they 
connect  the  navicular  and  lunate,  and  the  lunate  and  triangular. 

The  Volar  ligaments  ( ligamenta  intercarpea  volaria;  palmar  ligaments). — The  volar 
ligaments,  also  two,  connect  the  navicular  and  lunate,  and  the  lunate  and  trian¬ 
gular;  they  are  less  strong  than  the  dorsal,  and  placed  very  deeply  behind  the 
Flexor  tendons  and  the  volar  radiocarpal  ligament. 

The  Interosseous  Ligaments  ( ligamenta  intercarpea  interossea)  (Fig.  344). — The 
interosseous  ligaments  are  two  narrow  bundles,  one  connecting  the  lunate  with 
the  navicular,  the  other  joining  it  to  the  triangular.  They  are  on  a  level  with  the 
superior  surfaces  of  these  bones,  and  their  upper  surfaces  are  smooth,  and  form 
part  of  the  convex  articular  surface  of  the  wrist-joint. 
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The  ligaments  connecting  the  pisiform  bone  are  the  articular  capsule  and  the 
two  volar  ligaments. 

The  articular  capsule  is  a  thin  membrane  which  connects  the  pisiform  to  the 
triangular;  it  is  lined  by  synovial  membrane. 

The  two  volar  ligaments  are  strong  fibrous  bands;  one,  the  pisohamate  ligament, 
connects  the  pisiform  to  the  hamate,  the  other,  the  pisometacarpal  ligament,  joins 
the  pisiform  to  the  base  of  the  fifth  metacarpal  bone  (Fig.  342).  These  ligaments 
are,  in  reality,  prolongations  of  the  tendon  of  the  Flexor  carpi  ulnaris. 

Articulations  of  the  Distal  Row  of  Carpal  Bones. — These  also  are  arthrodial 
joints;  the  bones  are  connected  by  dorsal,  volar,  and  interosseous  ligaments. 

The  Dorsal  Ligaments  {ligamenta  intercarpea  dorsalia). — The  dorsal  ligaments, 
three  in  number,  extend  transversely  from  one  bone  to  another  on  the  dorsal 
surface,  connecting  the  greater  with  the  lesser  multangular,  the  lesser  multangular 
with  the  capitate,  and  the  capitate  with  the  hamate. 

The  Volar  Ligaments  {ligamenta  intercarpea  wlaria;  palmar  ligaments). — The 
volar  ligaments,  also  three,  have  a  similar  arrangement  on  the  volar  surface. 

The  Interosseous  Ligaments  {ligamenta  intercarpea  interossea). — The  three  inter¬ 
osseous  ligaments  are  much  thicker  than  those  of  the  first  row;  one  is  placed  be¬ 
tween  the  capitate  and  the  hamate,  a  second  between  the  capitate  and  the  lesser 
multangular,  and  a  third  between  the  greater  and  lesser  multangulars.  The  first 
is  much  the  strongest,  and  the  third  is  sometimes  wanting. 

Articulations  of  the  Two  Rows  of  Carpal  Bones  with  Each  Other. — The  joint 
between  the  navicular,  lunate,  and  triangular  on  the  one  hand,  and  the  second 
row  of  carpal  bones  on  the  other,  is  named  the  midcarpal  joint,  and  is  made  up  of 
three  distinct  portions:  in  the  center  the  head  of  the  capitate  and  the  superior 
surface  of  the  hamate  articulate  with  the  deep  cup-shaped  cavity  formed  by  the 
navicular  and  lunate,  and  constitute  a  sort  of  ball-and-socket  joint.  On  the 
radial  side  the  greater  and  lesser  multangulars  articulate  with  the  navicular,  and 
on  the  ulnar  side  the  hamate  articulates  with  the  triangular,  forming  gliding  joints. 

The  ligaments  are:  volar,  dorsal,  ulnar  and  radial  collateral. 

The  Volar  Ligaments  {ligamenta  intercarpea  volaria;  anterior  or  palmar  ligaments). 
—The  volar  ligaments  consist  of  short  fibers,  which  pass,  for  the  most  part,  from 
the  volar  surfaces  of  the  bones  of  the  first  row  to  the  front  of  the  capitate. 

The  Dorsal  Ligaments  {ligamenta  intercarpea  dorsalia;  posterior  ligaments). — 
The  dorsal  ligaments  consist  of  short,  irregular  bundles  passing  between  the  dorsal 
surfaces  of  the  bones  of  the  first  and  second  rows. 

The  Collateral  Ligaments  {lateral  ligaments). — The  collateral  ligaments  are  very 
short;  one  is  placed  on  the  radial,  the  other  on  the  ulnar  side  of  the  carpus;  the 
former,  the  stronger  and  more  distinct,  connects  the  navicular  and  greater  mul¬ 
tangular,  the  latter  the  triangular  and  hamate;  they  are  continuous  with  the 
collateral  ligaments  of  the  wrist-joint.  In  addition  to  these  ligaments,  a  slender 
interosseous  band  sometimes  connects  the  capitate  and  the  navicular. 

Synovial  Membrane. — The  synovial  membrane  of  the  carpus  is  very  extensive  (Fig.  344), 
and  bounds  a  synovial  cavity  of  very  irregular  shape.  The  upper  portion  of  the  cavity  inter¬ 
venes  between  the  under  surfaces  of  the  navicular,  lunate,  and  triangular  bones  and  the  upper 
surfaces  of  the  bones  of  the  second  row.  It  sends  two  prolongations  upward — between  the  navic¬ 
ular  and  lunate,  and  the  lunate  and  triangular — and  three  prolongations  downward  between 
the  four  bones  of  the  second  row.  The  prolongation  between  the  greater  and  lesser  multangulars, 
or  that  between  the  lesser  multangular  and  capitate,  is,  owing  to  the  absence  of  the  interosseous 
ligament,  often  continuous  with  the  cavity  of  the  carpometacarpal  joints,  sometimes  of  the 
second,  third,  fourth,  and  fifth  metacarpal  bones,  sometimes  of  the  second  and  third  only.  In 
the  latter  condition  the  joint  between  the  hamate  and  the  fourth  and  fifth  metacarpal  bones 
has  a  separate  synovial  membrane.  The  synovial  cavities  of  these  joints  are  prolonged  for  a 
short  distance  between  the  bases  of  the  metacarpal  bones.  There  is  a  separate  synovial  mem¬ 
brane  between  the  pisiform  and  triangular. 
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Movements. — The  articulation  of  the  hand  and  wrist  considered  as  a  whole  involves  four 
articular  surfaces:  (a)  the  inferior  surfaces  of  the  radius  and  articular  disk;  (6)  the  superior 
surfaces  of  the  navicular,  lunate,  and  triangular,  the  pisiform  having  no  essential  part  in  the 
movement  of  the  hand;  (c)  the  S-shaped  surface  formed  by  the  inferior  surfaces  of  the  navicular, 
lunate,  and  triangular;  (d)  the  reciprocal  surface  formed  by  the  upper  surfaces  of  the  bones  of 
the  second  row.  These  four  surfaces  form  two  joints:  (1)  a  proximal,  the  wrist-joint  proper; 
and  (2)  a  distal,  the  mid-carpal  joint. 

1.  The  wrist- joint  proper  is  a  true  condyloid  articulation,  and  therefore  all  movements  but 
rotation  are  permitted*.  Flexion  and  extension  are  the  most  free,  and  of  these  a  greater  amount 
of  extension  than  of  flexion  is  permitted,  since  the  articulating  surfaces  extend  farther  on  the  dorsal 
than  on  the  volar  surfaces  of  the  carpal  bones.  In  this  movement  the  carpal  bones  rotate  on  a 
transverse  axis  drawn  between  the  tips  of  the  styloid  processes  of  the  radius  and  ulna.  A  certain 
amount  of  adduction  (or  ulnar  flexion)  and  abduction  (or  radial  flexion)  is  also  permitted.  The 
former  is  considerably  greater  in  extent  than  the  latter  on  account  of  the  shortness  of  the  styloid 
process  of  the  ulna,  abduction  being  soon  limited  by  the  contact  of  the  styloid  process  of  the 
radius  with  the  greater  multangular.  In  this  movement  the  carpus  revolves  upon  an  antero¬ 
posterior  axis  drawn  through  the  center  of  the  wrist.1  Finally,  circumduction  is  permitted  by 
the  combined  and  consecutive  movements  of  adduction,  extension,  abduction,  and  flexion.  No 
rotation  is  possible,  but  the  effect  of  rotation  is  obtained  by  the  pronation  and  supination  of  the 
radius  on  the  ulna.  The  movement  of  flexion  is  performed  by  the  Flexor  carpi  radialis,  the  Flexor 
carpi  ulnaris,  and  the  Palmaris  longus;  extension  by  the  Extensores  carpi  radiales  longus  and 
brevis  and  the  Extensor  carpi  ulnaris;  adduction  (ulnar  flexion)  by  the  Flexor  carpi  ulnaris  and 
the  Extensor  carpi  ulnaris;  and  abduction  (radial  flexion)  by  the  Abductor  pollicis  longus,  the 
Extensors  of  the  thumb,  and  the  Extensores  carpi  radiales  longus  and  brevis  and  the  Flexor  carpi 
radialis.  When  the  fingers  are  extended,  flexion  of  the  wrist  is  performed  by  the  Flexores  carpi 
radialis  and  ulnaris  and  extension  is  aided  by  the  Extensor  digitorum  communis.  When  the 
fingers  are  flexed,  flexion  of  the  wrist  is  aided  by  the  Flexores  digitorum  sublimis  and  profundus, 
and  extension  is  performed  by  the  Extensores  carpi  radiales  and  ulnaris. 

2.  The  chief  movements  permitted  in  the  mid-carpal  joint  are  flexion  and  extension  and  a 
slight  amount  of  rotation.  In  flexion  and  extension,  which  are  the  movements  most  freely  enjoyed, 
the  greater  and  lesser  multangulars  on  the  radial  side  and  the  hamate  on  the  ulnar  side  glide 
forward  and  backward  on  the  navicular  and  triangular  respectively,  while  the  head  of  the  capitate 
and  the  superior  surface  of  the  hamate  rotate  in  the  cup-shaped  cavity  of  the  navicular  and 
lunate.  Flexion  at  this  joint  is  freer  than  extension.  A  very  trifling  amount  of  rotation  is  also 
permitted,  the  head  of  the  capitate  rotating  around  a  vertical  axis  drawn  through  its  own  center, 
while  at  the  same  time  a  slight  gliding  movement  takes  place  in  the  lateral  and  medial  portions 
of  the  joint. 


Vm.  Carpometacarpal  Articulations  (Articulationes  Carpometacarpem) . 

Carpometacarpal  Articulation  of  the  Thumb  (articulatio  carpometacarpea  pollicis). 
— This  is  a  joint  of  reciprocal  reception  between  the  first  metacarpal  and  the 
greater  multangular;  it  enjoys  great  freedom  of  movement  on  account  of  the 
configuration  of  its  articular  surfaces,  which  are  saddle-shaped.  The  joint  is  sur¬ 
rounded  by  a  capsule,  which  is  thick  but  loose,  and  passes  from  the  circumference 
of  the  base  of  the  metacarpal  bone  to  the  rough  edge  bounding  the  articular  surface 
of  the  greater  multangular;  it  is  thickest  laterally  and  dorsally,  and  is  lined  by 
synovial  membrane. 

Movements. — In  this  articulation  the  movements  permitted  are  flexion  and  extension  in  the 
plane  of  the  palm  of  the  hand,  abduction  and  adduction  in  a  plane  at  right  angles  to  the  palm, 
circumduction,  and  opposition.  It  is  by  the  movement  of  opposition  that  the  tip  of  the  thumb 
is  brought  into  contact  with  the  volar  surfaces  of  the  slightly  flexed  fingers.  This  movement  is 
effected  through  the  medium  of  a  small  sloping  facet  on  the  anterior  lip  of  the  saddle-shaped 
articular  surface  of  the  greater  multangular.  The  Flexor  muscles  pull  the  corresponding  part 
of  the  articular  surface  of  the  metacarpal  bone  on  to  this  facet,  and  the  movement  of  opposition 
is  then  carried  out  by  the  Adductors. 

Flexion  of  this  joint  is  produced  by  the  Flexores  pollicis  longus  and  brevis,  assisted  by  the 
Opponens  pollicis  and  the  Adductor  pollicis.  Extension  is  effected  mainly  by  the  abductor 
pollicis  longus,  assisted  by  the  Extensores  pollicis  longus  and  brevis.  Adduction  is  carried  out 
by  the  Adductor;  abduction  mainly  by  the  Abductores  pollicis  longus  and  brevis,  assisted  by  the 
Extensors. 

1  H.  M.  Johnston  (Journal  of  Anatomy  and  Physiology,  vol.  41)  maintains  that  n  ulnar  and  radial  flexion  only 
slight  lateral  movement  occurs  at  the  radiocarpal  joint,  and  that  in  complete  flexion  and  extension  of  the  hand  them 
is  a  small  degree  of  ulnar  flexion  at  the  radiocarpal  joint. 
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Articulations  of  the  Other  Four  Metacarpal  Bones  with  the  Carpus  (articulationes 
carpometacarpece). — The  joints  between  the  carpus  and  the  second,  third,  fourth, 
and  fifth  metacarpal  bones  are  arthrodial.  The  bones  are  united  by  dorsal,  volar, 
and  interosseous  ligaments. 

The  Dorsal  Ligaments  ( ligamenta  carpometacarpea  dorsalia ) . — The  dorsal  ligaments, 
the  strongest  and  most  distinct,  connect  the  carpal  and  metacarpal  bones  on  their 
dorsal  surfaces.  The  second  metacarpal  bone  receives  two  fasciculi,  one  from  the 
greater,  the  other  from  the  lesser  multangular;  the  third  metacarpal  receives  two, 
one  each  from  the  lesser  multangular  and  capitate;  the  fourth  two,  one  each  from 
the  capitate  and  hamate;  the  fifth  receives  a  single  fasciculus  from  the  hamate, 
and  this  is  continuous  with  a  similar  ligament  on  the  volar  surface,  forming  an 
incomplete  capsule. 

The  Volar  ligaments  ( ligamenta  carpometacarpea  volaria;  palmar  ligaments). — 
The  volar  ligaments  have  a  somewhat  similar  arrangement,  with  the  exception 
of  those  of  the  third  metacarpal,  which  are  three  in  number:  a  lateral  one  from  the 
greater  multangular,  situated  superficial  to  the  sheath  of  the  tendon  of  the  Flexor 
carpi  radialis;  and  intermediate  one  from  the  capitate;  and  a  medial  one  from 
the  hamate. 

The  Interosseous  Ligaments. — The  interosseous  ligaments  consist  of  short,  thick 
fibers,  and  are  limited  to  one  part  of  the  carpometacarpal  articulation;  they  con¬ 
nect  the  contiguous  inferior  angles  of  the  capitate  and  hamate  with  the  adjacent 
surfaces  of  the  third  and  fourth  metacarpal  bones. 

Synovial  Membrane. — The  synovial  membrane  is  a  continuation  of  that  of  the  intercarpal 
joints.  Occasionally,  the  joint  between  the  hamate  and  the  fourth  and  fifth  metacarpal  bones 
has  a  separate  synovial  membrane. 

The  synovial  membranes  of  the  wrist  and  carpus  (Fig.  344)  are  thus  seen  to  be  five  in  number. 
The/trs*  passes  from  the  lower  end  of  the  ulnar  to  the  ulnar  notch  of  the  radius,  and  lines  the  upper 
surface  of  the  articular  disk.  The  second  passes  from  the  articular  disk  and  the  lower  end  of  the 
radius  above,  to  the  bones  of  the  first  row  below.  The  third ,  the  most  extensive,  passes  between 
the  contiguous  margins  of  the  two  rows  of  carpal  bones,  and  sometimes,  in  the  event  of  one  of 
the  interosseous  ligaments  being  absent,  between  the  bones  of  the  second  row  to  the  carpal  extremi¬ 
ties  of  the  second,  third,  fourth,  and  fifth  metacarpal  bones.  The  fourth  extends  from  the  margin 
of  the  greater  multangular  to  the  metacarpal  bone  of  the  thumb.  The  fifth  runs  between  the 
adjacent  margins  of  the  triangular  and  pisiform  bones.  Occasionally  the  fourth  and  fifth  carpo¬ 
metacarpal  joints  have  a  separate  synovial  membrane. 

Movements. — The  movements  permitted  in  the  carpometacarpal  articulations  of  the  fingers 
are  limited  to  slight  gliding  of  the  articular  surfaces  upon  each  other,  the  extent  of  which  varies 
in  the  different  joints.  The  metacarpal  bone  of  the  little  finger  is  most  movable,  then  that  of 
the  ring  finger;  the  metacarpal  bones  of  the  index  and  middle  fingers  are  almost  immovable. 

IX.  Intermetac&rpal  Articulations  (Articulationes  Intermetacarpea;  Articulations 
of  ihe  Metacarpal  Bones  with  Each  Other). 

The  bases  of  the  second,  third,  fourth  and  fifth  metacarpal  bones  articulate 
with  one  another  by  small  surfaces  covered  with  cartilage,  and  are  connected 
together  by  dorsal,  volar,  and  interosseous  ligaments. 

The  dorsal  {ligamenta  basium  oss.  metacarp,  dorsalia)  and  volar  ligaments  (liga¬ 
menta  basium  oss.  metacarp,  volaria;  palmar  ligaments)  pass  transversely  from 
one  bone  to  another  on  the  dorsal  and  volar  surfaces.  The  interosseous  ligaments 
{ligamenta  basium  oss.  metacarp,  interossea)  connect  their  contiguous  surfaces, 
just  distal  to  their  collateral  articular  facets. 

The  synovial  membrane  for  these  joints  is  continuous  with  that  of  the  carpometacarpal 
articulations. 

The  Transverse  Metacarpal  Ligament  (ligamentum  capitidorum  [oss.  metacarpalium] 
transtersum)  (Fig.  345). — This  ligament  is  a  narrow  fibrous  band,  which  runs  across 
the  volar  surfaces  of  the  heads  of  the  second,  third,  fourth  and  fifth  meta¬ 
carpal  bones,  connecting  them  together.  It  is  blended  with  the  volar  (glenoid) 
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ligaments  of  the  metacarpophalangeal  articulations.  Its  volar  surface  is  concave 
where  the  Flexor  tendons  pass  over  it  ;  behind  it  the  tendons  of  the  Interossei  pass 
to  their  insertions. 


X.  Metacarpophalangeal  Articulations  (Articulationes  Metacarpophalange® ; 

Metacarpophalangeal  Joints)  (Figs.  345*  346). 

These  articulations  are  of  the  condyloid  kind,  formed  by  the  reception  of  the 
rounded  heads  of  the  metacarpal  bones  into  shallow  cavities  on  the  proximal  ends 
of  the  first  phalanges,  with  the  exception  of  that  of  the  thumb,  which  presents 
more  of  the  characters  of  a  ginglymoid  joint.  Each  joint  has  a  volar  and  two 
collateral  ligaments. 
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Fig.  345, — Metacarpophalangeal  articulation  and 
articulations  of  digit.  Volar  aspect. 


Fig.  346. — Metar-arpophnlangeal  articulation  and 
'  ”  Ulnar  aspect. 


articulations  of  digit. 


The  Volar  Ligaments  ( glenoid  ligament*  of  CruveUhier;  palmar  or  vaginal  ligaments ). 
— The  volar  ligaments  are  thick,  dense,  fibrocartilaginous  structures,  placed  upon 
the  volar  surfaces  of  the  joints  in  the  intervals  between  the  collateral  ligaments,  to 
which  they  are  connected;  they  are  loosely  united  to  the  metacarpal  bones,  but  are 
very  firmly  attached  to  the  bases  of  the  first  phalanges.  Their  volar  surfaces  are 
intimately  blended  with  the  transverse  metacarpal  ligament,  and  present  grooves 
for  the  passage  of  the  Flexor  tendons,  the  sheaths  surrounding  which  are  connected 
to  the  sides  of  the  grooves.  Their  deep  surfaces  form  parts  of  the  articular  facets 
for  the  heads  of  the  metacarpal  bones,  and  are  lined  by  synovial  membranes. 

The  Collateral  Ligaments  (ligamenki  coUateralia;  lateral  ligaments)  — The  col¬ 
lateral  ligaments  are  strong,  rounded  cords,  placed  on  the  sides  of  the  joints; 
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each  is  attached  by  one  extremity  to  the  posterior  tubercle  and  adjacent  depres¬ 
sion  on  the  side  of  the  head  of  the  metacarpal  bone,  and  by  the  other  to  the 
contiguous  extremity  of  the  phalanx. 

The  dorsal  surfaces  of  these  joints  are  covered  by  the  expansions  of  the  Extensor 
tendons,  together  with  some  loose  areolar  tissue  which  connects  the  deep  surfaces 
of  the  tendons  to  the  bones. 

Moramente. — The  movements  which  occur  in  these  joints  are  flexion,  extension,  adduction, 
abduction,  and  circumduction;  the  movements  of  abduction  and  adduction  are  very  limited, 
and  cannot  be  performed  when  the  fingers  are  flexed. 

XL  Articulations  of  the  Digits  (Articulationes  Digitorum  Manus;  Interphalangeal 

Joints)  (Figs.  345,  346). 

The  interphalangeal  articulations  are  hinge-joints;  each  has  a  volar  and  two 
collateral  ligaments.  The  arrangement  of  these  ligaments  is  similar  to  those  in 
the  metacarpophalangeal  articulations.  The  Extensor  tendons  supply  the  place 
of  posterior  ligaments. 

Morements. — The  only  movements  permitted  in  the  interphalangeal  joints  are  flexion  and 
extension;  these  movements  are  more  extensive  between  the  first  and  second  phalanges  than 
between  the  second  and  third.  The  amount  of  flexion  is  very  considerable,  but  extension  is 
limited  by  the  volar  and  collateral  ligaments. 

Muscles  Acting  on  the  Joints  of  the  Digits. — Flexion  of  the  metacarpophalangeal  joints  of  the 
fingers  is  effected  by  the  Flexores  digitorum  sublimis  and  profundus,  Lumbricales,  and  Interossei, 
assisted  in  the  case  of  the  little  finger  by  the  Flexor  digiti  quinti  brevis.  Extension  is  produced 
by  the  Extensor  digitorum  communis,  Extensor  indicis  proprius,  and  Extensor  digiti  quinti  pro- 
prius. 

Flexion  of  the  interphalangeal  joints  of  the  fingers  is  accomplished  by  the  Flexor  digitorum 
profundus  acting  on  the  proximal  and  distal  joints  and  by  the  Flexor  digitorum  sublimis  acting 
on  the  proximal  joints.  Extension  is  effected  mainly  by  the  Lumbricales  and  Interossei,  the 
long  Extensors  having  little  or  no  action  upon  these  joints. 

Flexion  of  the  metacarpophalangeal  joint  of  the  thumb  is  effected  by  the  Flexores  pollicis 
bogus  and  brevis;  extension  by  the  Extensores  pollicis  longus  and  brevis.  Flexion  of  the  inter- 
phalangeal  joint  is  accomplished  by  the  Flexor  pollicis  longus,  and  extension  by  the  Extensor 
pollicis  longus. 


ARTICULATIONS  OF  THE  LOWER  EXTREMITY. 

The  articulations  of  the  Lower  Extremity  comprise  the  following: 

I.  Hip.  V.  Intertarsal. 

II.  Knee.  VI.  Tarsometatarsal. 

III.  Tibiofibular.  VII.  Intermetatarsal. 

IV.  Ankle.  VIII.  Metatarsophalangeal. 

IX.  Articulations  of  the  Digits. 

I.  Coxal  Articulation  or  Hip-joint  (Articulatio  Coxa). 

This  articulation  is  an  enarthrodial  or  ball-and-socket  joint,  formed  by  the 
reception  of  the  head  of  the  femur  into  the  cup-shaped  cavity  of  the  acetabulum. 
The  articular  cartilage  on  the  head  of  the  femur,  thicker  at  the  center  than  at  the 
circumference,  covers  the  entire  surface  with  the  exception  of  the  fovea  capitis 
femoris,  to  which  the  ligamentum  teres  is  attached;  that  on  the  acetabulum  forms 
an  incomplete  marginal  ring,  the  lunate  surface.  Within  the  lunate  surface  there 
is  a  circular  depression  devoid  of  cartilage,  occupied  in  the  fresh  state  by  a  mass 
of  fat,  covered  by  synovial  membrane.  The  ligaments  of  the  joint  are: 

The  Articular  Capsule.  The  Pubocapsular. 

The  Iliofemoral.  The  Ligamentum  Teres  Femoris. 

The  Ischiocapsular.  The  Glenoidal  Labrum. 

The  Transverse  Acetabular 
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behind  and  below,  it  is  thin  and  loose.  It  consists  of  two  sets  of  fibers,  circular 
and  longitudinal.  The  circular  fibers,  zona  orbicularis,  are  most  abundant  at  the 
lower  and  back  part  of  the  capsule  (Fig.  350),  and  form  a  sling  or  collar  arourd  the 
neck  of  the  femur.  Anteriorly  they  blend  with  the  deep  surface  of  the  iliofemoral 
ligament,  and  gain  an  attachment  to  the  anterior  inferior  iliac  spine.  The  iongi* 
tudinal  fibers  are  greatest  in  amount  at  the  upper  and  front  part  of  the  capsule, 
where  they  are  reinforced  by  distinct  bands,  or  accessory  ligaments,  of  which  the 
most  important  is  the  iliofemoral  ligament.  The  other  accessory  bands  are  known 
as  the  pubocapsular  and  the  ischiocapsular  ligaments.  The  external  surface  of  the 
capsule  is  rough,  covered  by  numerous  muscles,  and  separated  in  front  from  the 
Psoas  major  and  Iliaeus  by  a  bursa,  which  not  infrequently  communicates  by  a 
circular  aperture  with  the  cavity  of  the  joint. 
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The  Articular  Capsule  ( capsula  articular  is;  capsular  ligament)  (Figs.  347.  34S). — 
The  articular  capsule  is  strong  and  dense.  Above,  it  is  attached  to  the  margin 
of  the  acetabulum  5  to  0  mm.  beyond  the  glenoklal  lahrum  behind;  but  in  front , 
it  is  attached  to  the  outer  margin  of  the  labruru,  and,  opposite  to  the  notch  where 
the  margin  of  the  cavity  is  deficient,  it  is  connected  to  the  transverse  ligament, 
and  by  a  few  fibers  to  the  edge  of  the  obturator  foramen.  It  surrounds  the  neck 
of  the  femur,  and  is  attached,  in  front,  to  the  intertrochanteric  line;  above,  to  the 
base  of  the  neck;  behind ,  to  the  neck,  about  1.25  cm.  above  the  intertrochanteric 
crest  ;  below ,  to  the  lower  part  of  the  neck,  close  to  the  lesser  trochanter.  From 
its  femoral  attachment  some  of  the  fibers  are  reflected  upward  along  the  neck 
as  longitudinal  bands,  termed  retinacula.  The  capsule  is  much  thicker  at  the  upper 
and  forepart  of  the  joint,  where  the  greatest  amount  of  resistance  is  required; 
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The  Iliofemoral  Ligament  {Ugamenium  iliofemoral e;  Y -ligament ;  ligament  of 
Bigelow)  (Fig.  339). — The  iliofemoral  ligament  is  a  band  of  great  strength  which 
lies  in  front  of  the  joint;  it  is  intimately  connected  with  the  capsule,  and  serves 
to  strengthen  it  in  this  situation.  It  is  attached,  above ,  to  the  lower  part  of  the 
anterior  inferior  iliac  spine;  below ,  it  divides  into  two  bands,  one  of  which  passes 
downward  and  is  fixed  to  the  lower  part  of  the  intertrochanteric  line;  the  other 
is  directed  downward  arid  lateralward  and  is  attached  to  the  upper  part  of  the 
same  line.  Between  the  two  bands  is  a  thinner  part  of  the  capsule.  In  some 
rases  there  is  no  division,  and  the  ligament  spreads  out  into  a  flat  triangular  band 
which  is  attached  to  the  whole  length  of  the  intertrochanteric  line.  This  ligament 
is  frequently  called  the  Y-shaped  ligament  of  Bigelow;  and  its  upper  band  is  some¬ 
times  named  the  iliotroch&nteric  ligament. 
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The  Pnbocapsul&r  Ligament  (ligamevtnm  pubcwapsulare;  pubofemoral  ligament). — 
This  ligament  is  attached,  above,  to  the  obturator  crest  and  the  superior  ramus 
of  the  pubis;  below,  it  blends  with  the  capsule  and  with  the  deep  surface  of  the 
vertical  band  of  the  iliofemoral  ligament. 

The  Ischiocapsular  Ligament  {ligamentum  ischiocapmhire;  isehiomjmilar  band: 
ligament  of  Bertm).— The  ischiocapsular  ligament  consists  of  a  triangular  band  of 
strong  fibers,  which  spring  from  the  ischium  below  and  behind  the  acetabulum, 
and  blend  with  the  circular  fibers  of  the  capsule  (Fig.  348), 
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The  Ligamentum  Teres  Femoris  (Fig.  349), — The  ligamentum  teres  femoris  is  a 
triangular,  somewhat  flattened  band  implanted  by  its  apex  into  the  antero-superior 
part  of  the  fovea  capitis  femoris;  its  base  is  attached  by  two  bands,  one  into  either 
side  of  the  acetabular  notch,  and  between  these  bony  attachments  it  blends  with  the 
transverse  1  igament ,  It  is  ensheathed  by  the  synovial  membrane,  and  varies  greatly 
in  strength  in  different  subjects;  occasionally  only  the  synovial  fold  exists,  and  in 
rare  cases  even  this  is  absent.  The  ligament  is  made  tense  when  the  thigh  is 
semiflexed  and  the  limb  then  adducted  or  rotated  outward;  it  is,  on  the  other 
hand,  relaxed  when  the  limb  is  abducted.  It  has,  however,  but  little  influence  as  a 
ligament. 
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Fig  349.— Left  hip-jo Mat.  opened  by  removing  the  floor  of  the  acetabulum  from  within  the  pelvis. 


The  Glenoidal  Labrum  ( labrum  glenoidale;  cotyloid  ligament). — The  glenoidal 
labrum  is  u  fibrocartilaginous  rim  attached  to  the  margin  of  the  acetabulum,  the 
cavity  of  which  it  deepens;  at  the  same  time  it  protects  the  edge  of  the  bone,  and 
fills  up  the  inequalities  of  its  surface.  It  bridges  over  the  notch  as  the  transverse 
ligament,  and  thus  forms  a  complete  circle,  which  closely  surrounds  the  head  of  the 
femur  and  assists  in  holding  it  in  its  place.  It  is  triangular  on  section,  it's  base  being 
attached  to  the  margin  of  the  acetabulum,  while  its  opposite  edge  is  free  and 
sharp.  Its  two  surfaces  are  invested  by  synovial  membrane,  the  external  one 
being  in  contact  with  the  capsule,  the  internal  one  being  inclined  inward  so  as 
to  narrow  the  acetabulum,  and  embrace  the  cartilaginous  surface  of  the  head  of 
the  fernur.  It  is  much  thicker  above  and  behind  than  below  and  in  Front,  and 
consists  of  compact  fibers. 

The  Transverse  Acetabular  Ligament  (ligamentum  fra  ns  cerium  aceiabidi;  transverse 
ligament). — This  ligament  is  in  reality  a  portion  of  the  glenoidal  labrum,  though 
differing  from  it  in  having  no  cartilage  cells  among  its  fibers.  It  consists  of  strong, 
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flattened  fibers,  which  cross  the  acetabular  notch,  and  convert  it  into  a  foramen 
through  which  the  nutrient  vessels  enter  the  joint. 

Synovial  Membrane  (Fig.  351). — The  synovial  membrane  is  very  extensive.  Commencing 
at  the  margin  of  the  cartilaginous  surface  of  the  head  of  the  femur,  it  covers  the  portion  of  the 
neck  which  is  contained  within  the  joint;  from  the  neck  it  is  reflected  on  the  internal  surface  of 
the  capsule,  covers  both  surfaces  of  the  glenoidal  lab  mm  and  the  mass  of  fat  contained  in  the 
depression  at  the  bottom  of  the  acetabulum,  and  ensheathes  the  ligamentum  teres  as  far  as  the 
head  of  the  femur.  The  joint  cavity  sometimes  communicates  tlirough  a  hole  in  the  capsule 
between  the  vertical  band  of  the  iliofemoral  ligament  and  the  pubocapsular  ligament  with  a  bursa 
situated  on  the  deep  surfaces  of  the  Psoas  major  and  lliacus. 

The  muscles  in  relation  with  the  joint  are,  in  fronts  the  Psoas  major  and  Iliac  us,  separated 
from  the  capsule  by  a  bursa;  above ,  the  reflected  head  of  the  Rectus  femoris  and  Gluteus  minimus, 
the  latter  being  closely  adherent  to  the  capsule;  medially ,  the  Obturator  extern  us  and  Pectineua; 
behind ,  the  Piriformis,  Gemellus  superior,  Obturator  intern  us,  Gemellus  inferior,  Obturator 
extern  us,  and  Quadrat  us  femoris  (Fig.  .352). 
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Fio  352. — Structures  surrounding  right  hip-joint 


The  arteries  supplying  the  joint  are  derived  from  the  obturator,  medial  femoral  circumflex, 
and  superior  and  inferior  gluteais. 

The  nerves  are  articular  branches  from  the  sacral  plexus,  sciatic,  obturator,  accessory  obturator, 
and  a  filament  from  the  branch  of  the  femoral  supplying  the  Rectus  femoris. 

Movements. — The  movements  of  the  hip  are  very  extensive,  and  consist  of  flexion,  extension, 
adduction,  abduction,  circumduction,  and  rotation, 

The  length  of  the  neck  of  the  femur  and  its  inclinations  to  the  body  of  the  bone  have  the 
effect  of  converting  the  angular  movements  of  flexion,  extension,  adduction,  and  abduction  par¬ 
tially  into  rotatory  movements  in  the  joint.  Thus  when  the  thigh  is  flexed  or  extended,  the 
head  of  the  femur,  on  account  of  the  medial  inclinat  ion  of  the  neck,  rotates  within  the  acetabulum 
with  only  a  slight  amount  of  gliding  to  and  fro.  The  foraard  elope  of  the  neck  similarly  affects 
the  movements  of  adduction  and  abduction.  Conversely  rotation  of  the  thigh  which  is  permitted 
by  the  upward  inclination  of  the  neck,  is  not  a  simple  rotation  of  the  head  of  the  femur  in  the 
acetabulum,  but  is  accompanied  by  a  certain  amount  of  gliding. 
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The  hip-joint  presents  a  very  striking  contrast  to  the  shoulder- joint  in  the  much  more  com¬ 
plete  mechanical  arrangements  for  its  security  and  for  the  limitation  of  its  movements.  In  the 
shoulder,  as  has  been  seen,  the  head  of  the  humerus  is  not  adapted  at  all  in  size  to  the  glenoid 
cavity,  and  is  hardly  restrained  in  any  of  its  ordinary  movements  by  the  capsule.  In  the  hip- 
jodnt,  on  the  contrary,  the  head  of  the  femur  is  closely  fitted  to  the  acetabulum  for  an  area  extend¬ 
ing  over  nearly  half  a  sphere,  and  at  the  margin  of  the  bony  cup  it  is  still  more  closely  embraced 
by  the  glenoidal  labrum,  so  that  the  head  of  the  femur  is  held  in  its  place  by  that  ligament  even 
when  the  fibers  of  the  capsule  have  been  quite  divided.  The  iliofemoral  ligament  is  the  strongest 
of  all  the  ligaments  in  the  body,  and  is  put  on  the  stretch  by  any  attempt  to  extend  the  femur 
beyond  a  straight  line  with  the  trunk.  That  is  to  say,  this  ligament  is  the  chief  agent  in  main¬ 
taining  the  erect  position  without  muscular  fatigue;  for  a  vertical  line  passing  through  the  center 
of  gravity  of  the  trunk  falls  behind  the  centers  of  rotation  in  the  hip-joints,  and  therefore  the 
pelvis  tends  to  fall  backward,  but  is  prevented  by  the  tension  of  the  iliofemoral  ligaments.  The 
security  of  the  joint  may  be  provided  for  also  by  the  two  bones  being  directly  united  through  the 
lig&mentum  teres;  but  it  is  doubtful  whether  this  ligament  has  much  influence  upon  the  mechanism 
of  the  joint.  When  the  knee  is  flexed,  flexion  of  the  hip-joint  is  arrested  by  the  soft  parts  of  the 
thigh  and  abdomen  being  brought  into  contact,  and  when  the  knee  is  extended,  by  the  action  of 
the  hamstring  muscles;  extension  is  checked  by  the  tension  of  the  iliofemoral  ligament;  adduc¬ 
tion  by  the  thighs  coming  into  contact;  adduction  with  flexion  by  the  lateral  band  of  the  ilio¬ 
femoral  ligament  and  the  lateral  part  of  the  capsule;  abduction  by  the  medial  band  of  the 
iliofemoral  ligament  and  the  pubocapsular  ligament;  rotation  outward  by  the  lateral  band  of  the 
iliofemoral  ligament ;  and  rotation  inward  by  the  ischiocapsular  ligament  and  the  hinder  part  of 
the  capsule.  The  muscles  which  flex  the  femur  on  the  pelvis  are  the  Psoas  major,  Iliacus,  Rectus 
femoris,  Sartorius,  Pectineus,  Adductores  longus  and  brevis,  and  the  anterior  fibers  of  the  Glutsei 
medius  and  minimus.  Extension  is  mainly  performed  by  the  Glutaeus  maxim  us,  assisted  by  the 
hamstring  muscles  and  the  ischial  head  of  the  Adductor  magnus.  The  thigh  is  adducted  by  the 
Adductores  magnus,  longus,  and  brevis,  the  Pectineus,  the  Gracilis,  and  lower  part  of  the  Glutaeus 
maximus,  and  abducted  by  the  Glutaei  medius  and  minimus,  and  the  upper  part  of  the  Glutaeus 
maximus.  The  muscles  which  rotate  the  thigh  inward  are  the  Glutaeus  minimus  and  the  anterior 
fibers  of  the  Glutaeus  medius,  the  Tensor  fasciae  latae  and  the  Iliacus  and  Psoas  major;  while 
those  which  rotate  it  outward  are  the  posterior  fibers  of  the  Glutaeus  medius,  the  Piriformis, 
Obturatores  extern  us  and  intemus,  Gemelli  superior  and  inferior,  Quadratus  femoris,  Glutaeus 
maximus,  the  Adductores  longus,  brevis,  and  magnus,  the  Pectineus,  and  the  Sartorius. 


n.  The  Knee-joint  (Articulatio  Gena). 


The  knee-joint  was  formerly  described  as  a  ginglymus  or  hinge-joint,  but  is 
really  of  a  much  more  complicated  character.  It  must  be  regarded  as  consisting 
of  three  articulations  in  one:  two  condyloid  joints,  one  between  each  condyle 
of  the  femur  and  the  corresponding  meniscus  and  condyle  of  the  tibia;  and  a  third 
between  the  patella  and  the  femur,  partly  arthrodial,  but  not  completely  so, 
since  the  articular  surfaces  are  not  mutually  adapted  to  each  other,  so  that  the 
movement  is  not  a  simple  gliding  one.  This  view  of  the  construction  of  the  knee- 
joint  receives  confirmation  from  the  study  of  the  articulation  in  some  of  the  lower 
mammals,  where,  corresponding  to  these  three  subdivisions,  three  synovial  cavities 
are  sometimes  found,  either  entirely  distinct  or  only  connected  together  by  small 
communications.  This  view  is  further  rendered  probable  by  the  existence  in  the 
middle  of  the  joint  of  the  two  cruciate  ligaments,  which  must  be  regarded  as 
the  collateral  ligaments  of  the  medial  and  lateral  joints.  The  existence  of  the 
patellar  fold  of  synovial  membrane  would  further  indicate  a  tendency  to  separa¬ 
tion  of  the  synovial  cavity  into  two  minor  sacs,  one  corresponding  to  the  lateral 
and  the  other  to  the  medial  joint. 

The  bones  are  connected  together  by  the  following  ligaments: 


The  Articular  Capsule. 
The  Ligamentum  Patellae. 
The  Oblique  Popliteal. 
The  Tibial  Collateral. 

The  Fibular  Collateral. 


The  Anterior  Cruciate. 

The  Posterior  Cruciate. 

The  Medial  and  Lateral  Menisci. 
The  Transverse. 

The  Coronary. 
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The  Articular  Capsule  ( capmla  articularis;  capsular  ligament)  (Fig*  353). — The 
articular  capsule  consists  of  a  thin,  hut  strong,  fibrous  membrane  which  is  strength¬ 
ened  in  almost  its  entire  extent  by  bands  inseparably  connected  with  it.  Above 
and  in  front,  beneath  the  tendon  of  the  Quadriceps  femoris,  it  is  represented  only 
by  the  synovial  membrane.  Its  chief  strengthening  bands  are  derived  from  the 
fascia  lata  and  from  the  tendons  surrounding  the  joint.  In  front,  expansions 
from  the  Vasti  and  from  the  fascia  lata  and  its  iliotibial  band  fill  in  the  intervals 
between  the  anterior  and  collateral  ligaments,  constituting  the  medial  and  lateral 
patellar  retinacula.  Behind  the  capsule  consists  of  vertical  fibers  which  arise 
from  the  condyles  and  from  the  sides  of  the  intercondyloid  fossa  of  the  femur; 

the  posterior  part  of  the  capsule  is  therefore 
situated  on  the  sides  of  and  in  front  of  the 
cruciate  ligaments,  which  are  thus  excluded  from 
the  joint  cavity.  Behind  the  cruciate  ligaments 
is  the  oblique  popliteal  ligament  which  is  aug¬ 
mented  by  fibers  derived  from  the  tendon  of  the 
Semimembranosus.  Laterally,  a  prolongation 
from  the  iliotibial  band  fills  in  the  interval  be¬ 
tween  the  oblique  popliteal  and  the  fibular  collat¬ 
eral  ligaments,  and  partly  covers  the  latter. 
Medially,  expansions  from  the  Sartorius  and 
Semimembranosus  pass  upward  to  the  tibial 
collateral  ligament  and  strengthen  the  capsule. 

The  Ligamentum  Patellae  (anterior  ligament) 
(Fig.  353).— The  ligamentum  patella?  is  the  cen¬ 
tral  portion  of  the  common  tendon  of  the  Quad¬ 
riceps  femoris,  which  is  continued  from  the 
patella  to  the  tuberosity  of  the  tibia.  It  is  a 
strong,  flat,  ligamentous  band,  about  8  cm.  in 
length,  attached,  above ,  to  the  apex  and  adjoin¬ 
ing  margins  of  the  patella  and  the  rough  depres¬ 
sion  on  its  posterior  surface;  belotc ,  to  the 
tuberosity  of  the  tibia;  its  superficial  fibers  are 
continuous  over  the  front  of  the  patella  with 
those  of  the  tendon  of  the  Quadriceps  femoris. 
The  medial  and  lateral  portions  of  the  tendon 
of  the  Quadriceps  pass  down  on  either  side  of 
the  patella,  to  be  inserted  into  the  upper  extremity 
of  the  tibia  on  either  side  of  the  tuberosity;  these 
portions  merge  into  the  capsule,  as  stated  above, 
forming  the  medial  and  lateral  patellar  retinacula.  The  posterior  surface  of  the 
ligamentum  patella?  is  separated  from  the  synovial  membrane  of  the  joint  by  a 
large  infrapatellar  pad  of  fat,  and  from  the  tibia  by  a  bursa. 

The  Oblique  Popliteal  ligament  ( ligamentum  popliteum  ohliquum;  posterior  liga¬ 
ment)  (Fig,  354). — This  ligament  is  a  broad,  flat,  fibrous  band,  formed  of  fasciculi 
separated  from  one  another  by  apertures  for  the  passage  of  vessels  and  nerves. 
It  is  attached  above  to  the  upper  margin  of  the  intercondyloid  fossa  and  posterior 
surface  of  the  femur  close  to  the  articular  margins  of  the  condyles,  and  below  to 
the  posterior  margin  of  the  head  of  the  tibia.  Superficial  to  the  main  part  of  the 
ligament  is  a  strong  fasciculus,  derived  from  the  tendon  of  the  Semimembranosus 
and  passing  from  the  back  part  of  the  medial  condyle  of  the  tibia  obliquely  upward 
and  lateralward  to  the  back  part  of  the  lateral  condyle  of  the  femur.  The  oblique 
popliteal  ligament  forms  part  of  the  floor  of  the  popliteal  fossa,  and  the  popliteal 
artery  rests  upon  it. 


The  Tibial  Collateral  Ligament  ( ligarnentum  collateral*  tibiale ;  internal  lateral  liga¬ 
ment)  { Fig.  353). — The  tibial  collateral  is  a  broad,  flat,  membranous  band,  situated 
nearer  to  the  back  than  to  the  front  of  the  joint.  It  is  attached,  above,  to  the  medial 
condyle  of  the  femur  immediately  below  the  adductor  tubercle;  below,  to  the  medial 
condyle  and  medial  surface  of  the  body  of  the  tibia.  The  fibers  of  the  posterior 
part  of  the  ligament  are  short  and  incline  backward  as  they  descend;  they  are 
inserted  into  the  tibia  above  the  groove  for  the  Semimembranosus.  The  anterior 
part  of  the  ligament  is  a  flattened  band,  about  10  cm.  long,  which  inclines  forw  ard 
as  it  descends.  It  is  inserted  into  the  medial  surface  of  the  body  of  the  tibia  about 
2,5  cm.  below  the  level  of  the  condyle.  It  is  crossed,  at  its  lower  part,  by  the 
tendons  of  the  Sartorius,  Gracilis,  and  Semitendinosus,  a  bursa  being  interposed. 
Its  deep  surface  covers  the  inferior  medial  genicular  vessels  and  nerve  and  the 
anterior  portion  of  the  tendon  of  the  Semimembranosus,  with  which  it  is  connected 
by  a  few’  fibers;  it  is  intimately  adherent  to  the  medial  meniscus. 


Fig  354. — The  ri*cht  knee-joint. 
Posterior  aspect. 


Flo.  355. — The  right  knee-joint.  Diaaccted 
from  the  front. 


The  Fibul&r  Collateral  Ligament  ( ligarnentum  collaterals  fibulare;  external  lateral  or 
long  external  lateral  ligament )  (Fig.  856) . — The  fibular  collateral  is  a  strong,  rounded, 
fibrous  cord,  attached,  above ,  to  the  back  part  of  the  lateral  condyle  of  the  femur, 
immediately  above  the  groove  for  the  tendon  of  the  Popliteus;  to  the  lateral 
side  of  the  head  of  the  fibula,  in  front  of  the  styloid  process.  The  greater  part  of 
its  lateral  surface  is  covered  by  the  tendon  of  the  Biceps  femoris;  the  tendon, 
however,  divides  at  its  insertion  into  tw  o  parts,  w  hich  are  separated  by  the  liga¬ 
ment*  Deep  to  the  ligament  are  the  tendon  of  the  Popliteus,  and  the  inferior 
lateral  genicular  vessels  and  nerve.  The  ligament  has  no  attachment  to  the  lateral 
meuiscus. 
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An  inconstant  bundle  of  fibers,  the  short  fibular  collateral  ligament,  is  placed  behind  and 
parallel  with  the  preceding,  attached,  'above,  to  the  lower  and  back  part  of  the  lateral  condyle 
of  the  femur;  below,  to  the  summit  of  the  styloid  process  of  the  fibula.  Passing  deep  to  it  are 
the  tendon  of  the  Popl ileus,  and  the  inferior  lateral  genicular  vessels  and  nerve. 

The  Cruciate  Ligaments  { ligamenta  vrudata  genu;  crucial  ligaments ). — The  cru¬ 
ciate  ligaments  are  of  considerable  strength,  situated  in  the  middle  of  the  joint, 
nearer  to  its  posterior  than  to  its  anterior  surface.  They  are  called  cruciate  because 
they  cross  each  other  somewhat  like  the  lines  of  the  letter  X;  and  have  received 
the  names  anterior  and  posterior,  from  the  position  of  their  attachments  to  the 
tibia. 

The  Anterior  Cruciate  Ligament  ( ligamentum  cruciatum  anlerius;  external  crucial 
ligament )  (Fig.  355)  is  attached  to  the  depression  in  front  of  the  intercondyloid 
eminence  of  the  tibia,  being  blended  with  the  anterior  extremity  of  the  lateral 
meniscus;  it  passes  upward,  backward,  and  lateralward,  and  is  fixed  into  the  medial 
and  back  part  of  the  lateral  condyle  of  the  femur. 
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-Left  knee-joint  from  behind,  showing  interior  ligamenta. 


The  Posterior  Cruciate  Ligament  {ligamentum  cruciatum  posterius;  internal  crucial 
ligament)  (Fig.  356)  is  stronger,  but  shorter  and  less  oblique  in  its  direction,  than 
the  anterior.  It  is  attached  to  the  posterior  intercondyloid  fossa  of  the  tibia,  and 
to  the  posterior  extremity  of  the  lateral  meniscus;  and  passes  upward,  forward, 
and  medialward,  to  he  fixed  into  the  lateral  and  front  part  of  the  medial  condyle 
of  the  femur. 

The  Menisci  (sernUunar  fibracartilages)  (Fig,  357). —The  menisci  are  two  crescentic 
lamethe,  which  serve  to  deepen  the  surfaces  of  the  head  of  the  tibia  for  articulation 
w  ith  the  condyles  of  the  femur.  The  peripheral  border  of  each  meniscus  is  thick, 
convex,  and  attached  to  the  inside  of  the  capsule  of  the  joint;  the  opposite  border 
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Anterior  cruciate  ligament 


is  thin,  concave,  and  free.  The  upper  surfaces  of  the  menisci  are  concave,  and 
in  contact  with  the  condyles  of  the  femur;  their  lower  surfaces  are  flat,  and  rest 
upon  the  head  of  the  tibia;  both  surfaces  are  smooth,  and  invested  by  synovial 
membrane.  Each  meniscus  covers  approximately  the  peripheral  two-thirds  of 
the  corresponding  articular  surface  of  the  tibia. 

The  medial  meniscus  {meniscus  medialis;  internal  mnihinar  fibrocartilage )  is 
nearly  semicircular  in  form,  a  little  elongated  from  before  backward,  and  broader 
behind  than  in  front;  its  anterior  end,  thin  and  pointed,  is  attached  to  the  anterior 
intercondvloid  fossa  of  the  tibia,  in  front  of  the  anterior  cruciate  ligament;  its 
posterior  end  is  fixed  to  the  posterior  intercondyloid  fossa  of  the  tibia,  between 
the  attachments  of  the  lateral  meniscus  and  the  posterior  cruciate  ligament. 


Transverse  ligament 


w. 
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Fig.  337. — Head  of  right  tibia  Been  from  above,  showing  menisci  and  attachment*  of  iigomente. 


Tlie  lateral  meniscus  (meniscus  lateralis;  external  se m  ilu na r  fibroca rtilage)  is  nearly 
circular  and  covers  a  larger  portion  of  the  articular  surface  than  the  medial  one. 
It  is  grooved  laterally  for  the  tendon  of  the  Popliteus,  which  separates  it  from  the 
fibular  collateral  ligament.  Its  anterior  end  is  attached  in  front  of  the  intercon¬ 
dyloid  eminence  of  the  tibia,  lateral  to,  and  behind,  the  anterior  cruciate  ligament, 
with  which  it  blends;  the  posterior  end  is  attached  behind  the  intercondyloid 
eminence  of  the  tibia  and  in  front  of  the  posterior  end  of  the  medial  meniscus. 
The  anterior  attachment  of  the  lateral  meniscus  is  twisted  on  itself  so  that  its 
free  margin  looks  backward  and  Upward,  its  anterior  end  resting  on  a  sloping 
shelf  of  bone  on  the  front  of  the  lateral  process  of  the  intercondyloid  eminence. 
Close  to  its  posterior  attachment  it  sends  off  a  strong  fasciculus,  the  ligament  of 
Wrisberg  (Figs.  3 56,.  357),  which  passes  upward  and  medial  ward,  to  be  inserted 
into  the  medial  condyle  of  the  femur,  immediately  behind  the  attachment  of  the 
posterior  cruciate  ligament.  Occasionally  a  small  fasciculus  passes  forward  to 
be  inserted  into  the  lateral  part  of  the  anterior  cruciate  ligament.  The  lateral 
meniscus  gives  off  from  its  anterior  convex  margin  a  fasciculus  which  forms  the 
transverse  ligament. 

The  Transverse  ligament  ( ligamentum  transvemim  genu). — The  transverse  liga¬ 
ment  connects  the  anterior  convex  margin  of  the  lateral  meniscus  to  the  anterior 
end  of  the  medial  meniscus;  its  thickness  varies  considerably  in  different  subjects, 
and  it  is  sometimes  absent. 

The  coronary  ligaments  are  merely  portions  of  the  capsule,  which  connect  the 
periphery  of  each  meniscus  w  ith  the  margin  of  the  head  of  the  tibia. 


SYNDESMOLOGY 


Synovial  Membrane. — The  synovial  membrane  of  the  knee-joint  is  the  largest  and  most  exten¬ 
sive  in  the  body.  Commencing  at  the  upper  bonier  of  the  patella,  it  forms  a  large  cul-de-sac 
beneath  the  Quadriceps  femoris  (Figs.  358,  359)  on  the  lower  part  of  the  front  of  the  femur, 
and  frequently  communicates  with  a  bursa  interposed  between  the  tendon  and  the  front  of  the 
femur.  The  pouch  of  synovial  membrane  between  the  Quadriceps  and  front  of  the  femur  ts 
supported,  during  the  movements  of  the  knee,  by  a  email  muscle,  the  Articularis  genu,  which 
is  inserted  into  it.  On  either  side  of  the  patella,  the  synovial  membrane  extends  beneath  the 
aponeuroses  of  the  Vasti,  and  ?nore  especially  beneath  that  of  the  Vastus  medial  is.  Below  the 
patella  it  is  separated  from  the  ligamentum  patella?  by  a  considerable  quantity  of  fat,  known  aa 
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Fiq.  358.  —Sagittal  «ection  of  right  knee-joint. 


the  infrapatellar  pad.  From  the  medial  and  lateral  borders  of  the  articular  surface  of  the  patella, 
reduplications  of  the  synovial  membrane  project  into  the  interior  of  the  joint.  These  form  two 
fringe-like  folds  termed  the  alar  folds;  below,  these  folds  converge  and  are  continued  a s  a  single 
band,  the  patellar  fold  ( ligamentum  mudosuto),  to  the  front  of  the  intercondyioid  fossa  of  the  femur. 
On  either  side  of  the  joint,  the  synovial  membrane  passes  downward  from  the  femur,  lining  the 
capsule  to  its  point  of  attachment  to  the  menisci;  it  may  then  be  traced  over  the  upper  surfaces 
of  these  to  their  free  borders,  and  thence  along  their  under  surfaces  to  the  tibia  (Figs.  359,  360  l 
At  the  back  part  of  the  lateral  meniscus  it  forms  a  cul-de-sac  between  the  groove  on  its  surface 
and  the  tendon  of  the  Popliteus;  it  is  reflected  across  the  front  of  the  cruciate  ligaments,  which 
are  therefore  situated  outside  the  synovial  cavity. 
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Burs®. — The  bursae  near  the  knee-joint  are  the  following:  In  front  there  are  four  bursa* :  a 
large  one  is  interposed  between  the  patella  and  the  skin,  a  small  one  between  the  upper  part  of 
the  tibia  and  the  ligamentum  patelLr*,  a  third  between  the  lower  part  of  the  tuberosity  of  the 
tibia  and  the  skin,  and  a  fourth  between  the  anterior  surface  of  the  lower  part  of  the  femur  and 
the  deep  surface  of  the  Quadriceps  fern  or  is,  usually  communicating  with  the  knee-joint.  Laterally 
there  are  four  burs®:  (1)  one  (which  sometimes  communicates  with  the  joint)  between  the 
btcral  head  of  the  Gastrocnemius  and  the  capsule;  (2)  one  between  the  fibular  collateral  ligament 
aod  the  tendon  of  the  Biceps;  (3)  one  between  the  fibular  collateral  ligament  and  the  tendon  of 
the  Popliteus  (this  is  sometimes  only  an  expansion  from  the  next  bursa);  (4)  one  between  the 
tendon  of  the  Popliteus  and  the  lateral  condyle  of  the  femur,  usually  an  extension  from  the 
synovial  membrane  of  the  joint.  Medially,  there  are  five  bursa;:  (1)  one  between  the  medial 
bead  of  the  Gastrocnemius  and  the  capsule;  this  sends  a  prolongation  between  the  tendon  of  the 
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medial  head  of  the  Gastrocnemius  and  the  tendon  of  the  Semimembranosus  and  often  communi¬ 
cate?  with  the  joint;  (2)  one  superficial  to  the  tibial  collateral  ligament,  between  it  and  the  tendons 
oi  the  Sartorius,  Gracilis,  and  Semitendinosus;  (3)  one  deep  to  the  tibial  collateral  ligament, 
between  it  and  the  tendon  of  the  Semimembranosus  (this  is  sometimes  only  an  expansion 
kora  the  next  bursa);  (4)  one  between  the  tendon  of  the  Semimembranosus  and  the  head  of 
the  tibia;  (5)  occasionally  there  is  a  bursa  between  the  tendons  of  the  Semimembranosus  and 
Semitendiuosus. 

Structures  Around  the  Joint. — In  front,  and  at  the  sides,  is  the  Quadriceps  femoris;  laterally 
the  tendons  of  the  Biceps  femoris  and  Popliteus  and  the  common  peroneal  nerve;  medially, 
the  Sartorius,  Gracilis,  Semitendinosus,  and  Semimembranosus;  behind,  the  popliteal  vessels 
and  the  tibial  nerve,  Popliteus,  Piantaris,  and  medial  and  lateral  heads  of  the  Gastrocnemius, 
®ome  lymph  glands,  and  fat. 

The  arteries  supplying  the  joint  are  the  highest  genicular  (anastomotic a  magna),  a  branch 


1 


SYNDESMOLOGY 


of  the  femoral,  the  genicular  branches  of  the  popliteal,  the  recurrent  branches  of  the  anterior 
fcibial,  and  the  descending  branch  from  the  lateral  femoral  circumflex  of  the  profunda  femora. 

The  nerves  are  derived  from  the  obturator,  femoral,  tibial,  and  common  peroneal 

Movements. — The  movements  which  take  place  at  the  knee-joint  are  flexion  and  extension, 
and,  in  certain  positions  of  the  joint,  internal  and  external  rotation.  The  movements  of  flexion 
and  extension  at  this  joint  differ  from  those  in  a  typical  hinge-joint,  such  as  the  elbow,  in  that 
(a)  the  axis  around  which  motion  takes  place  is  not  a  fixed  one,  but  shifts  forward  during  extension 
and  backward  during  flexion;  (b)  the  commencement,  of  flexion  and  the  end  of  extension  are 
accompanied  by  rotatory  movements  associated  with  the  fixation  of  the  limb  in  a  position  of 
great  stability.  The  movement  from  full  flexion  to  full  extension  may  therefore  be  described 
in  three  phases: 

1*  In  the  fully  flexed  condition  the  posterior  parts  of  the  femoral  condyles  rest  on  the  corre¬ 
sponding  portions  of  the  meniscotibial  surfaces,  and  in  this  position  a  slight  amount  of  simple 
rolling  movement  is  allowed. 
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300— Capsule  of  right  knee-joint  (distended).  Posterior  aspect. 


2.  During  the  passage  of  the  limb  from  the  flexed  to  the  extended  position  a  gliding  movement 
is  superposed  on  the  rolling,  so  that  the  axis,  which  at  the  commencement  is  represented  by  a 
line  through  the  inner  and  outer  condyles  of  the  femur,  gradually  shifts  forward.  In  this  part 
of  the  movement,  the  posterior  two-thirds  of  the  tibial  articular  surfaces  of  the  two  femoral 
condyles  are  involved,  and  as  these  have  similar  curvatures  and  are  parallel  to  one  another,  they 
move  forward  equally. 

3.  The  lateral  condyle  of  the  femur  is  brought  almost  to  rest  by  the  tightening  of  the  anterior 
cruciate  ligament;  it  moves,  however,  slightly  forward  and  medialvvard,  pushing  beiore  it  the 
anterior  part  of  the  lateral  meniscus.  The  tibial  surface  on  the  medial  condyle  is  prolonged 
farther  forward  than  that  on  the  lateral,  and  this  prolongation  is  directed  lateral  ward.  When, 
therefore,  the  movement  forward  of  the  condyles  is  checked  by  the  anterior  cruciate  ligament, 
continued  muscular  action  causes  the  medial  condyle,  dragging  with  it  the  meniscus,  to  travel 
backward  and  rnedialward,  thus  producing  an  internal  rotation  of  the  thigh  on  the  leg.  When 
the  position  of  full  extension  is  reached  the  lateral  part  of  the  groove  on  the  lateral  condyle  is 
oressed  against  the  anterior  part  of  the  corresponding  meniscus,  while  the  medial  part  of  the 
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grt»r«  v&i£  oii  thy1  toticuW  margin  m  front  of  t  he*  lateral  ptw«©  ot  the  iibial  mfcercotiiflyloid 
mom&ife-.  Into  the %rpby*  on  themfcdhd  condyle  is  hrted  the  anterior  part  *}£  the  merit'*]  meniscus, 
•while.  the  anterior  cruciate  liga'rakitx  and  t\m  ^UcuUiT  fe^rgm  k>  front of  the  media]  process  of 
xky  yhud  are  rfc^v^i  mtwr  the  forepitt  of  theinf  e^condyloid  tossa/of 

d ja  famur.  The*  third  pha^  by  which  th^*  parts  w  brought  mu>  accurate  apposition  is 
kto~n  the  home/1  or locking  roovonivm .-of  the  joint.' 

The  complete  movement  of TYexipn  is  tiie  eonvemj  of  that;  described  above*  and  is.  therefore 
preceded  by  dti.  zxum&)  ratMifcm  of  the  femur ^  ^htch  unlock  the ^tetnJed  Joint. 

The  a»ec*  &rmmi  which  the  movements  of  flcsicm  and  uxtenmou  take  place  arc  nOt  precisely 
at  right  either  bone;  m  flexion,  theftour  and  tibia  are  m  the  same  plane,  but  in  exten- 

vtm  the  one  hor?e  forma  an  angle,  opening  laurralwfcfd  with  i  bfe  other.  u£  y 

bi  addition  to  the  rotatory  movements  associated  with  the  completion  of  extension  and  the 
LaPurjon  of dl^fen,  rotation  inward  or  outvmrd-t\iui:'b^'  effW&ri  when  thu  joint  is'-partially  flexed; 
tiie&i  movemetits  take  placer  m^mly  between  r.he  tibia  and  the  menisci;  and  are  freest  when  the 
M  13  hem  ;-f  nght  angles  wit))  the  thigh. 

The;-^ticular  surface  of  the  patella  is  indistinctly  divided  into  seven 
(&r3&~npt*rt:L .  puddle,  and  lower  hpri*04V>al  pah’s,  and  a  medial  perpendicular  facet  (Fig.  361;. 
When  the  knee  is  forcibly  Beta*],  tho  meylial  pet^ndiinilar 
tot'b  in  contact  with  tW  sernilunar  surface  on  the  lateral' 

part  of  the  medial -condyle;  this  sort  uh  mar  surface  js  a  pro-  /\[  "  v 

k^tioa  backward  ot  the  medial  part  of  the  pafcdlar  aiirf  acc. 

h  the  leg  is  gamed,  frprb  \hsi  %&$&■  to  the  vxtehried  position ,  igp.jj 

to  the  highest  pair*  then  the  middle  pair, ^  lastly  th0  \H-  --  \ 

fovto  p m  of  horinont^l  facets  ts  successively  brought  into  •  ilpja|  d 

tont;v;t  with  the  'patellar  -surifto  of  .&e.  fetnuri  in  the  exk 

wto  the  QimUkep.s  relied,  the  •  ,  v- 

p*te&*  fieg  kiomdy  pm  thn  fmtii  of  ihedower  end  of  thfe  femur. 

l>uryng  fkaion,  the  tigamtmtura  patella?  fe  put  upon 
the  «tret^v  and  in  exto^tne  tloxiop  thv  posterior  oruciate 
%vaent^.  die  oblique  popliteal,  &ud  eoOati«raif  hgamtoa/ 

$zi&  to  a  slight  cxkmte  the  anterior  cruciate  ligament 
mz  v4ax^.  Flexion  b  cheeked  during  life  by  the  eont&ef 
'£  the  Irg  with  the  thigh.  Whm  the  kn^jpiht  is  futly 
pleaded  the  Clique  popliteal  tHpd  collateral  ligamexits, 

??-••  -ixibrly^  croei^i:-  and  the  posterior  cruciate  ‘h‘gyiu>>nt»  are  rendered  tense; 

hi  the  fset  •;*•(  cxiaidmg  the  kne«f  the  ligaineututn  pafehA;  ib  ti'ighrofwd  by  the  Qvuukiecm 
but  in  ftiU  ectUnsimi  with  the  heel  supported  it  i«  related.  Itoi^tibn  ihwnrd  is  checked 
by  'he  antcrw  cruciate  ligament;  :o>fauV>u  outlaid  tends  to  uncross  and  veto  tlio  hgu- 

uuato,  butt  in  checked  by  tho  tfead  Auilitiurwl  hg£Uneut.  The  u^n  function  of  the  ztwMi-i  ligar 
l a  to  act  as  a  dir^.t  bond  between  the  tibia  arid  femur  and  r«<>  jm>v.eut  the.  fo'mer  boue;  from 
ki&g;  eanfcci  too  far  backward  or  forward.  They  also  assist  the  collateral  .ligaments-. in  resisting' 
Jiny  'heading  of  the/cunt  to  either  side.  The  menisci  .are  intended,  ,aa  it  ilewifev  tu  adapt  IhoBurfaSjfe 
r/  the  tibia  to  the  shape  of  the  femoral  eondyje&i  to  a  certain  extent,  &>  w  to  fill  up  the  infetv&ts 
vhk'h  wo'iKl  othcrwiK*  bu  left  in  the  Yary&g  poaitious  of  the  joint,  and  to  uhmt£  the  jars  which 
Waidi  fe  ap  fr^uently  tmnsuiitt^d  up  the  limh  iu  Jumping  or  by  fjdte  ph  tko  f^et  ,  hbo  to  permit 
iif  Vir  twa  raru'tiea  of  motion.  hexion  and  rdtatioUv  mi  cxpUiinxi  above. 


PiU:.  .  — ^Po»t«iur  Unitaea  of  U*e 

Tifjht.  pftfceilft.  iUjowiug  diagrammatically 
%hv  oi  V'uutoGft  with  the  trmar  jo 

of  th.e  iU*?*?. 


nf  two  rxrwues  of  motion,  ftexion  and  mmmw,  md  toiM'mL  m ^  fexplaritod  above.  The 
fotella  is  ^  great  tiff fe«c^  to  the  front  of  the  kne^Joint,  and  dfenliuto  Upon  h  large  and  tdltfably 
dmdug  knfseJmgt  the  pmisure  which  would  Otherwise  fall  upon  the  promiuent  ndgfJB 
ci  ttic  i^>«dyfe;  it  affords  leverage  to  the  Quadriceps  fcanom. 

s.tjtodvog  hreet  In  the  attitude  of  “attention/'  the  weight  of  the  body  falls  uvfVoafc  of 
.*  line  c.%sri<\\  across  the  centers  of  the  knee-joints,  and  therefore  tends  to  priviuee  nvtirexiditaion 


BI,  Articulations  between  the  Tibia  and  Fibula; 

The  artieulatiori^  between  the  tibia  and  fibula  are  effected  by  l.igatnents  which 
connect  the  extremities  and  bodies  of  the  bones.  Tht?  jighm.ent^- l-ifey : con s^qi' K-jF^otly 
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be  subdivided  into  three  sets:  (1)  those  of  the  Tibiofibular  articulation;  (2)  the 
interosseous  membrane;  (3)  those  of  the  Tibiofibular  syndesmosis. 

Tibiofibular  Articulation  ( articulatio  libiofibularis ;  superior  tibiofibular  articula¬ 
tion). — This  articulation  is  an  arthrodial  joint  between  the  lateral  condyle  of  the 
tibia  and  the  head  of  the  fibula.  The  contiguous  surfaces  of  the  bones  present 
flat,  oval  facets  covered  with  cartilage  and  connected  together  by  an  articular 
capsule  and  by  anterior  and  posterior  ligaments. 

The  Articular  Capsule  {capsula  articularis;  capsular  ligament). — The  articular 
capsule  surrounds  the  articulation,  being  attached  around  the  margins  of  the 
articular  facets  on  the  tibia  and  fibula;  it  is  much  thicker  in  front  than 
behind. 

The  Anterior  Ligament  (< anterior  superior  ligament). — The  anterior  ligament  of 
the  head  of  the  fibula  (Fig.  355)  consists  of  two  or  three  broad  and  flat  bands, 
which  pass  obliquely  upward  from  the  front  of  the  head  of  the  fibula  to  the  front 
of  the  lateral  condyle  of  the  tibia. 

The  Posterior  Ligament  ( posterior  superior  ligament). — The  posterior  ligament  of 
the  head  of  the  fibula  (Fig.  356)  is  a  single  thick  and  broad  band,  which  passes 
obliquely  upward  from  the  back  of  the  head  of  the  fibula  to  the  back  of  the  lateral 
condyle  of  the  tibia.  It  is  covered  by  the  tendon  of  the  Popliteus. 

Synovial  Membrane. — A  synovial  membrane  lines  the  capsule;  it  is  continuous  with  that  of 
the  knee-joint  in  occasional  cases  when  the  two  joints  communicate. 

Interosseous  Membrane  {membrana  interossea  cruris;  middle  tibiofibular  liga¬ 
ment). — An  interosseous  membrane  extends  between  the  interosseous  crests  of  the 
tibia  and  fibula,  and  separates  the  muscles  on  the  front  from  those  on  the  back 
of  the  leg.  It  consists  of  a  thin,  aponeurotic  lamina  composed  of  oblique  fibers, 
which  for  the  most  part  run  downward  and  lateralward ;  some  few  fibers,  however, 
pass  in  the  opposite  direction.  It  is  broader  above  than  below.  Its  upper  margin 
does  not  quite  reach  the  tibiofibular  joint,  but  presents  a  free  concave  border, 
above  which  is  a  large,  oval  aperture  for  the  passage  of  the  anterior  tibial  vessels 
to  the  front  of  the  leg.  In  its  lower  part  is  an  opening  for  the  passage  of  the  anterior 
peroneal  vessels.  It  is  continuous  below  with  the  interosseous  ligament  of  the  tibio¬ 
fibular  syndesmosis,  and  presents  numerous  perforations  for  the  passage  of  small 
vessels.  It  is  in  relation,  in  front ,  with  the  Tibialis  anterior,  Extensor  digitorum 
longus,  Extensor  hallucis  proprius,  Peronceus  tertius,  and  the  anterior  tibial 
vessels  and  deep  peroneal  nerve;  behind ,  with  the  Tibialis  posterior  and  Flexor 
hallucis  longus. 

Tibiofibular  Syndesmosis  {syndesmosis  tibiofibularis;  inferior  tibiofibular  articu¬ 
lation). — This  syndesmosis  is  formed  by  the  rough,  convex  surface  of  the  medial 
side  of  the  lower  end  of  the  fibula,  and  a  rough  concave  surface  on  the  lateral  side 
of  the  tibia.  Below,  to  the  extent  of  about  4  mm.  these  surfaces  are  smooth,  and 
covered  with  cartilage,  which  is  continuous  with  that  of  the  ankle-joint.  The 
ligaments  are:  anterior,  posterior,  inferior  transverse,  and  interosseous. 

The  Anterior  Ligament  {ligamentum  malleoli  lateralis  anterius;  anterior  inferior 
ligament). — The  anterior  ligament  of  the  lateral  malleolus  (Fig.  303)  is  a  flat, 
triangular  band  of  fibers,  broader  below  than  above,  which  extends  obliquely 
downward  and  lateralward  between  the  adjacent  margins  of  the  tibia  and  fibula, 
on  the  front  aspect  of  the  syndesmosis.  It  is  in  relation,  in  front,  with  the  Peronaeus 
tertius,  the  aponeurosis  of  the  leg,  and  the  integument;  behind ,  with  the  interosseous 
ligament;  and  lies  in  contact  with  the  cartilage  covering  the  talus. 

The  Posterior  Ligament  {ligamentum  malleoli  lateralis  posterius;  posterior  inferior 
ligament). — The  posterior  ligament  of  the  lateral  malleolus  (Fig.  303),  smaller 
than  the  preceding,  is  disposed  in  a  similar  manner  on  the  posterior  surface  of 
the  syndesmosis. 
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The  Inferior  Transverse  Ligament. — The  inferior  transverse  ligament  lies  in  front 
of  the  posterior  ligament,  and  is  a  strong,  thick  band,  of  yellowish  fibers  which 
passes  transversely  across  the  back  of  the  joint,  from  the  lateral  malleolus  to  the 
posterior  border  of  the  articular  surface  of  the  tibia,  almost  as  far  as  its  malleolar 
process.  This  ligament  projects  below  the  margin  of  the  bones,  and  forms  part 
of  the  articulating  surface  for  the  talus. 

The  Interosseous  Ligament. — The  interosseous  ligament  consists  of  numerous 
short,  strong,  fibrous  bands,  which  pass  between  the  contiguous  rough  surfaces  of 
the  tibia  and  fibula,  and  constitute  the  chief  bond  of  union  between  the  bones. 
It  is  continuous,  above,  with  the  interosseous  membrane  (Fig  .304). 

Synovial  Membrane. 


'The  synovial  membrane  associated  with  the  small  arthrodial  part  of 
this  joint  is  continuous  with  that  of  the  ankle-joint. 


IV.  Talocrural  Articulation  or  Ankle-joint  (Articulatio  TaJocruralis;  Tibiotarsal 

Articulation). 

The  ankle-joint  is  a  ginglymus,  or  hinge-joint.  The  structures  entering  into  its 
formation  are  the  lower  end  of  the  tibia  and  its  malleolus,  the  malleolus  of  the 
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F ta .  302.— ‘Ligaments  of  the  mcnlia)  aspect  of  the  foot. 


fibula,  and  the  transverse  ligament,  which  together  form  a  mortise  for  the  recep¬ 
tion  of  the  upper  convex  surface  of  the  tains  and  its  medial  and  lateral  facets, 

The  hones  are  connected  by  the  following  ligaments: 

The  Articular  Capsule.  The  Anterior  Talofibular. 

The  Deltoid.  The  Posterior  Talofibular. 

The  Calcaneofibular. 
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The  Articular  Capsule  (capsula  urticuhirix;  capaular  ligament ). — The  articular  cap¬ 
sule  surrounds  the  joints,  and  is  attached,  above,  to  the  borders  of  the  articular 
surfaces  of  the  tibia  and  malleoli  ;  and  below,  to  the  talus  around  its  upper  articular 
surface*  The  anterior  part  of  the  capsule  (anterior  ligament)  is  a  broad,  thin, 
membranous  layer,  attached,  above,  to  the  anterior  margin  of  the  lower  end  of 
the  tibia;  below ,  to  the  talus,  in  front  of  its  superior  articular  surface.  It  is  in 
relation,  in  front,  with  the  Extensor  tendons  of  the  toes,  the  tendons  of  the  Tibialis 
anterior  and  Peronams  tertius,  and  the  anterior  tibia]  vessels  and  deep  peroneal 
nerve.  The  posterior  part  of  the  capsule  {posterior  ligament)  is  very  thin,  and 
consists  principally  of  transverse  fibers.  It  is  attached,  above,  to  the  margin  of  the 
articular  surface  of  the  tibia,  blending  with  the  transverse  ligament;  below ,  to  the 
talus  behind  its  superior  articular  facet.  Laterally,  it  is  somewhat  thickened;  and 
is  attached  to  the  hollow  on  the  medial  surface  of  the  lateral  malleolus. 
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The  Deltoid  Ligament  (ligamndum  delluidcum:  internal  lateral  ligament ) 
(Fig*  362).  —The  deltoid  ligament  is  a  strong,  flat,  triangular  band,  attached, 
above,  to  the  apex  and  anterior  and  posterior  borders  of  the  medial  malleolus. 
It  consists  of  two  sets  of  fibers,  superficial  and  deep.  Of  the  superficial  fibers  the 
most  anterior  ( tibionavicular )  pass  forward  to  be  inserted  into  the  tuberosity  of 
the  navicular  bone,  and  immediately  behind  this  they  blend  with  the  medial  margin 
of  the  plantar  calcaneonavicular  ligament;  the  middle  ( eakaneotibiaf )  descend 
almost  perpendicularly  to  be  inserted  into  the  whole  length  of  the  sustentaculum 
tali  of  the  calcaneus;  the  posterior  fibers  ( post ef tor  talotibial)  pass  backward  and 
lateralward  to  be  attached  to  the  inner  side  of  the  talus,  and  to  the  prominent 
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tubercle  on  its  posterior  surface,  medial  to  the  groove  for  the  tendon  of  the  Flexor 
hallucis  Iongus.  The  deep  fibers  (anterior  talotibial)  are  attached,  above,  to  the 
tip  of  the  medial  malleolus,  and,  below ,  to  the  medial  surface  of  the  talus.  The 
deltoid  ligament  is  covered  by  the  tendons  of  the  Tibialis  posterior  and  Flexor 
digitorum  Iongus. 

The  anterior  and  posterior  talofibular  and  the  caleaneofibular  ligaments  were 
formerly  described  as  the  three  fasciculi  of  the  external  lateral  ligament  of  the 
ankle-joint. 

The  Anterior  Talofibular  Ligament  ( ligament-urn  talofibulure  anteriua)  (Fig.  363). 
—The  anterior  talofibular  ligament,  the  shortest  of  the  three,  passes  from  the 
anterior  margin  of  the  fibular  malleolus,  forward  and  medially,  to  the  talus,  in 
front  of  its  lateral  articular  facet. 

The  Posterior  Talofibular  Ligament  (ligametitum  talofibulare  poateriua)  (Fig.  363). 
—The  posterior  talofibular  ligament,  the  strongest  and  most  deeply  seated,  runs 
almost  horizontally  from  the  depression  at  the  medial  and  back  part  of  the  fibular 
malleolus  to  a  prominent  tubercle  on  the  posterior  surface  of  the  talus  immediately 
lateral  to  the  groove  for  the  tendon  of  the  Flexor  hallucis  Iongus. 

The  Caleaneofibular  Ligament  (ligamentum  calcaneofibulare )  (Fig.  363).— The 
caleaneofibular  ligament,  the  longest  of  the  three,  is  a  narrow,  rounded  cord,  run¬ 
ning  from  the  apex  of  the  fibular  malleolus  downward  and  slightly  backward  to  a 
tubercle  on  the  lateral  surface  of  the  calcaneus.  It  is  covered  by  the  tendons  of 
the  Peronad  Iongus  and  brevis. 
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Fin.  304. — Capsule  of  left  talocrura  articulation  (distended).  Latora  aspect. 


Synovial  Membrane  (Fig.  364). — The  synovial  membrane  invests  the  deep  surfaces  of  the 
URHraenUs  and  sends  a  small  process  upward  between  the  lower  ends  of  the  tibia  and  fibula. 

Relations.— The  tendons,  vessels,  and  nerves  in  connection  with  the  joint  are,  i xi  front,  from  the 
nredud  side,  the  Tibialis  anterior,  Extensor  hallucis  proprius,  anterior  tibial  vessels,  deep  peroneal 
serve,  Extensor  digitorum  Iongus,  and  Per  emeus  tertius;  behirul,  from  the  medial  side,  the  Tibialis 
posterior,  Flexor  digitorum  Iongus,  posterior  tibial  vessels,  tibial  nerve,  Flexor  hallucis  Iongus; 
and,  in  the  groove  behind  the  fibular  malleolus,  the  tendons  of  the  Peronad  Iongus  and  brevis. 

The  Arteries  supplying  the  joint  are  derived  from  the  malleolar  branches  of  the  anterior  tibial 
•od  the  peroneal. 

The  nerves  are  derived  from  the  deep  peroneal  and  tibial. 

Movements. — When  the  body  is  in  the  erect  position,  the  foot  is  at  right  angles  to  tbf?  leg. 
The  movements  of  the  joint  are  those  of  dorsiflexion  and  extension ;  dorsiflexion  consists  in  the 
23 
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approximation  of  the  dorsum  of  the  foot  to  the  front  of  the  leg,  while  in  extension  the  heel  is 
drawn  up  and  the  toes  pointed  downward.  The  range  of  movement  varies  in  different  individuals 
from  about  50°  to  90°.  The  transverse  axis  about  which  movement  takes  place  is  slightly  oblique. 
The  malleoli  tightly  embrace  the  talus  in  all  positions  of  the  joint,  so  that  any  slight  degree  of 
side-to-side  movement  which  may  exist  is  simply  due  to  stretching  of  the  ligaments  of  the  talo¬ 
fibular  syndesmosis,  and  slight  bending  of  the  body  of  the  fibula.  The  superior  articular  surface 
of  the  talus  is  broader  in  front  than  behind.  In  dorsiflexion,  herefore,  greater  space  is  required 
between  the  two  malleoli.  This  is  obtained  by  a  slight  outward  rotatory  movement  of  the  lower 
end  of  the  fibula  and  a  stretching  of  the  ligaments  of  the  syndesmosis;  this  lateral  movement  is 
facilitated  by  a  slight  gliding  at  the  tibiofibular  articulation,  and  possibly  also  by  the  bending  of 
the  body  of  the  fibula.  Of  the  ligaments,  the  deltoid  is  of  very  great  power — so  much  so,  that 
it  usually  resists  a  force  which  fractures  the  process  of  bone  to  which  it  is  attached.  Its  middle 
portion,  together  with  the  calcaneofibular  ligament,  binds  the  bones  of  the  leg  firmly  to  the 
foot,  and  resists  displacement  in  every  direction.  Its  anterior  and  posterior  fibers  limit  extension 
and  flexion  of  the  foot  respectively,  and  the  anterior  fibers  also  limit  abduction.  The  posterior 
talofibular  ligament  assists  the  calcaneofibular  in  resisting  the  displacement  of  the  foot  back¬ 
ward,  and  deepens  the  cavity  for  the  reception  of  the  talus.  The  anterior  talofibular  is  a 
security  against  the  displacement  of  the  foot  forward,  and  limits  extension  of  the  joint. 

The  movements  of  inversion  and  eversion  of  the  foot,  together  with  the  minute  changes  in 
form  by  which  it  is  applied  to  the  ground  or  takes  hold  of  an  object  in  climbing,  etc.,  are  mainly 
effected  in  the  tarsal  joints;  the  joint  which  enjoys  the  greatest  amount  of  motion  being  that  be¬ 
tween  the  talus  and  calcaneus  behind  and  the  navicular  and  cuboid  in  front.  This  is  often  called 
the  transverse  tarsal  joint,  and  it  can,  with  the  subordinate  joints  of  the  tarsus,  replace  the  ankle- 
joint  in  a  great  measure  when  the  latter  has  become  ankylosed. 

Extension  of  the  foot  upon  the  tibia  and  fibula  is  produced  by  the  Gastrocnemius,  Soleus, 
Plantaris,  Tibialis  posterior,  Perongci  longus  and  brevis,  Flexor  digitorum  longus,  and  Flexor 
hallucis  longus;  dorsiflexion ,  by  the  Tibialis  anterior,  Peronaeus  tertius,  Extensor  digitorum  longus, 
and  Extensor  hallucis  proprius.1 


V.  Intert&rsal  Articulations  (Articulationes  Intertarse©;  Articulations 

of  the  Tarsus). 

Talocalcaneal  Articulation  (articulatio  talocalcanea ;  articulation  of  the  calcaneus 
and  astragalus;  calcaneo-astragaloid  articulation). — The  articulations  between  the 
calcaneus  and  talus  are  two  in  number — anterior  and  posterior.  Of  these,  the 
anterior  forms  part  of  the  talocalcaneonavicular  joint,  and  will  be  described  with 
that  articulation.  The  posterior  or  talocalcaneal  articulation  is  formed  between 
the  posterior  calcaneal  facet  on  the  inferior  surface  of  the  talus,  and  the  posterior 
facet  on  the  superior  surface  of  the  calcaneus.  It  is  an  arthrodial  joint,  and  the 
two  bones  are  connected  by  an  articular  capsule  and  by  anterior,  posterior,  lateral, 
medial,  and  interosseous  talocalcaneal  ligaments. 

The  Articular  Capsule  ( capsula  articularis ). — The  articular  capsule  envelops 
the  joint,  and  consists  for  the  most  part  of  short  fibers,  which  are  split  up  into 
distinct  slips;  between  these  there  is  only  a  weak  fibrous  investment. 

The  Anterior  Talocalcaneal  Ligament  ( ligamentum  talocalcaneum  anterius;  anterior 
calcaneo-astragaloid  ligament)  (Figs.  364,  367).— «The  anterior  talocalcaneal  liga¬ 
ment  extends  from  the  front  and  lateral  surface  of  the  neck  of  the  talus  to 
the  superior  surface  of  the  calcaneus.  It  forms  the  posterior  boundary  of  the 
talocalcaneonavicular  joint,  and  is  sometimes  described  as  the  anterior  interosseous 
ligament. 

The  Posterior  Talocalcaneal  Ligament  (i ligamentum  talocalcaneum  posterius; 
posterior  calcaneo-astragaloid  ligament)  (Fig.  362). — The  posterior  talocalcaneal 
ligament  connects  the  lateral  tubercle  of  the  talus  with  the  upper  and  medial  part 
of  the  calcaneus;  it  is  a  short  band,  and  its  fibers  radiate  from  their  narrow  attach¬ 
ment  to  the  talus. 

The  Lateral  Talocalcaneal  Ligament  ( ligamentum  talocalcaneum  laterale;  external 
calcaneo-astragaloid  ligament)  (Figs.  364.  367). — The  lateral  talocalcaneal  ligament 

1  The  student  must  bear  in  mind  that  the  Extensor  digitorum  longus  and  Extensor  hallucis  proprius  are  extensors 
of  the  toes,  but  flexors  of  the  ankle;  and  that  the  Flexor  digitorum  longus  and  Flexor  hallucis  longus  are  flexors  of  the 
toes,  but  extensors  of  the  ankle. 
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is  a  short,  strong  fasciculus,  passing  from  the  lateral  surface  of  the  talus,  imme¬ 
diately  beneath  its  fibular  facet  to  the  lateral  surface  of  the  calcaneus.  It  is  placed 
in  front  of,  but  on  a  deeper  plane  than,  the  calcaneofibular  ligament,  with  the  fibers 
of  which  it  is  parallel. 

The  Medial  Talocalcaneal  Ligament  ( ligamenium  talocalcaneum  mediate ;  internal 
(dteanccnistragaloid  ligament). — The  medial  talocalcaneal  ligament  connects  the 
medial  tubercle  of  the  back  of  the  talus  with  the  back  of  the  sustentaculum  tali. 
Its  fibers  blend  with  those  of  the  plantar  calcaneonavicular  ligament  (Fig.  362). 
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Fig.  365.— Coronal  section  through  right  talocrural  ami  talocalcaneal  joints. 

The  Interosseous  Talocalcaneal  Ligament  (ligamenium  talocalcaneum  inierosseum) 
(Figs.  365,  367). — The  interosseous  talocalcaneal  ligament  forms  the  chief  bond 
of  union  between  the  bones.  It  is,  in  fact,  a  portion  of  the  united  capsules  of  the 
talocalcaneonavicular  and  the  talocalcaneal  joints,  and  consists  of  two  partially 
united  layers  of  fibers,  one  belonging  to  the  former  and  the  other  to  the  latter  joint. 
It  is  attached,  altove ,  to  the  groove  between  the  articular  facets  of  the  under  surface 
of  the  talus;  belong  to  a  corresponding  depression  on  the  upper  surface  of  the  cal¬ 
caneus.  It  is  very  thick  and  strong,  being  at  least  2.5  cm.  in  breadth  from  side 
to  side,  and  serves  to  bind  the  calcaneus  and  talus  firmly  together. 

Synon&l  Membrane  (Fig.  368). — The  synovial  membrane  lines  the  capsule  of  the  joint,  and 
is  distinct  from  the  other  synovial  membranes  of  the  tarsus. 

Movements.—' The  movements  permitted  between  the  talus  and  calcaneus  are  limited  to  glid¬ 
ing  of  the  one  bone  on  the  other  backward  and  forward  and  from  side  to  side. 

Talocalcaneonavicular  Articulation  (artieulatio  talocalcaneonaci cularis). — This 
articulation  is  an  arthrodial  joint:  the  rounded  head  of  the  talus  being  received 
into  the  concavity  formed  by  the  posterior  surface  of  the  navicular,  the  anterior 
articular  surface  of  the  calcaneus,  and  the  upper  surface  of  the  plantar  calcnneb- 
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navicular  ligament.  There  are  two  ligaments  in  this  joint:  the  articular  capsule 
and  the  dorsal  talonavicular. 

The  Articular  Capsule  (capsula  articularis). — The  articular  capsule  is  imperfectly 
developed  except  posteriorly,  where  it  is  considerably  thickened  and  forms,  with 
-a  part  of  the  capsule  of  the  talocalcaneal  joint,  the  strong  interosseous  ligament 
which  fills  in  the  canal  formed  by  the  opposing  grooves  on  the  calcaneus  and  talus, 
as  above  mentioned. 

The  Dorsal  Talonavicular  Ligament  ( ligamentum  talonaviculare  dorsale;  superior 
astragalormviciilar  ligament )  (Fig.  362). — This  ligament  is  a  broad,  thin  band,  which 
connects  the  neck  of  the  talus  to  the  dorsal  surface  of  the  navicular  bone;  it  is 
covered  by  the  Extensor  tendons.  The  plantar  calcaneonavicular  supplies  the 
place  of  a  plantar  ligament  for  this  joint. 

Synovial  Membrane. — The  synovial  membrane  lines  all  parts  of  the  capsule  of  the  joint. 

Movements. — This  articulation  permits  of  a  considerable  range  of  gliding  movements,  and  some 
rotation;  its  feeble  construction  allows  occasionally  of  dislocation  of  the  other  bones  of  the  tarsus 
from  the  talus 

Calcaneocuboid  Articulation  ( articulatio  calcaneocuboidea;  articulation  of  the 
calcaneus  with  the  cuboid ). — The  ligaments  connecting  the  calcaneus  with  the 
cuboid  are  five  in  number,  viz.,  the  articular  capsule,  the  dorsal  calcaneocuboid, 
part  of  the  bifurcated,  the  long  plantar,  and  the  plantar  calcaneocuboid. 

The  Articular  Capsule  ( capsula  articularis ). — The  articular  capsule  is  an  imper¬ 
fectly  developed  investment,  containing  certain  strengthened  bands,  which  form 
the  other  ligaments  of  the  joint. 

The  Dorsal  Calcaneocuboid  Ligament  (ligamentum  calcaneocuboideum  dorsale;  supe¬ 
rior  calcaneocuboid  ligament)  (Fig.  363). — The  dorsal  calcaneocuboid  ligament  is 
.a  thin  but  broad  fasciculus,  wrhich  passes  between  the  contiguous  surfaces  of  the 
calcaneus  and  cuboid,  on  the  dorsal  surface  of  the  joint. 

The  Bifurcated  Ligament  (ligamentum  bifurcatum;  internal  calcaneocuboid;  inter¬ 
osseous  ligament)  (Fig.  363,  367). — The  bifurcated  ligament  is  a  strong  band, 
attached  behind  to  the  deep  hollow  on  the  upper  surface  of  the  calcaneus  and  divid¬ 
ing  in  front  in  a  Y-shaped  manner  into  a  calcaneocuboid  and  a  calcaneonavicular 
part.  The  calcaneocuboid  part  is  fixed  to  the  medial  side  of  the  cuboid  and  forms 
one  of  the  principal  bonds  between  the  first  and  second  rowrs  of  the  tarsal  bones. 
The  calcaneonavicular  part  is  attached  to  the  lateral  side  of  the  navicular. 

The  Long  Plantar  Ligament  (ligamentum  plantare  longum;  long  calcaneocuboid 
ligament;  superficial  long  plantar  ligament)  (Fig.  366). — The  long  plantar  ligament 
is  the  longest  of  all  the  ligaments  of  the  tarsus:  it  is  attached  behind  to  the  plantar 
surface  of  the  calcaneus  in  front  of  the  tuberosity,  and  in  front  to  the  tuberosity 
on  the  plantar  surface  of  the  cuboid  bone,  the  more  superficial  fibers  being  con¬ 
tinued  forward  to  the  bases  of  the  second,  third,  and  fourth  metatarsal  bones. 
This  ligament  converts  the  groove  on  the  plantar  surface  of  the  cuboid  into  a 
canal  for  the  tendon  of  the  Peroneeus  longus. 

The  Plantar  Calcaneocuboid  Ligament  (ligamentum  calcaneocuboideum  plantare ; 
short  calcaneocuboid  ligament;  short  plantar  ligament)  (Fig.  366). — The  plantar 
calcaneocuboid  ligament  lies  nearer  to  the  bones  than  the  preceding,  from  which 
it  is  separated  by  a  little  areolar  tissue.  It  is  a  short  but  wide  band  of  great  strength, 
and  extends  from  the  tubercle  and  the  depression  in  front  of  it,  on  the  forepart 
of  the  plantar  surface  of  the  calcaneus,  to  the  plantar  surface  of  the  cuboid  behind 
the  peroneal  groove. 

Synovial  Membrane. — The  synovial  membrane  lines  the  inner  surface  of  the  capsule  and  is 
distinct  from  that  of  the  other  tarsal  articulations  (Fig.  368). 

Movements. — The  movements  permitted  between  the  calcaneus  and  cuboid  are  limited  to 
.slight  gliding  movements  of  the  bones  upon  each  other. 

The  transverse  tarsal  joint  is  formed  by  the  articulation  of  the  calcaneus  with  the  cuboid,  and 
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The  movement  which  takes  place  in  this  joint 


the  articulation  of  the  talus  with  the  navicular, 
more  extensive  than  that  in  the  other  tarsal  joints,  and  consists  of  a  sort  of  rotation  by  means 
of  which  the  foot  may  be  slightly  flexed  or  extended,  the  sole  being  at  the  same  time  carried 
medially  (inverted)  or  laterally  (everted). 

The  Ligaments  Connecting  the  Calcaneus  and  Navicular.— Though  the  calcaneus 
and  navicular  do  not  directly  articulate,  they  are  connected  by  two  ligaments: 
the  calcaneonavicular  part  of  the  bifurcated,  and  the  plantar  calcaneonavicular. 
The  calcaneonavicular  part  of  the  bifurcated  ligament  is  described  on  page  356. 
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The  Plantar  Calcaneonavicular  Ligament  {ligament  um  calcaneona  vicula  re  plan  fare; 
inferior  or  internal  calca neona cicvlar  ligament /  calcaneonavicular  ligament)  ( Figs. 
^  ditGh — The  plaii tar  calcaneonavicular  ligament  is  a  broad  and  thick  band  of 
fibers,  which  connects  the  anterior  margin  of  the  sustentaculum  tali  of  the  calca- 
oeus  to  the  plantar  surface  of  the  navicular.  This  ligament  not  only  serves  to 
connect  the  calcaneus  and  navicular,  but  supports  the  head  of  the  talus,  forming 
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part  of  the  articular  cavity  in  which  it.  is  received.  The  dorsal  surface  of  the 
ligament  presents  a  fibrocartilaginous  facet,  lined  by  the  synovial  membrane, 
and  upon  this  a  portion  of  the  head  of  the  talus  rests.  Its  plantar  surface  is 
supported  by  the  tendon  of  the  Tibialis  posterior;  its  medial  border  is  blended  with 
the  forepart  of  the  deltoid  ligament  of  the  ankle-joint. 
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Fxu.  367. — Talocalcaneal  and  talocalcaneonavicular  articulations  exposed  {rom  above  by  removing  the  talus 

The  plantar  calcaneonavicular  ligament,  by  supporting  the  head  of  the  talus,  is  principally 
concerned  in  maintaining  the  arch  of  the  foot.  When  it  yields,  the  head  of  the  talus  is  pressed 
downward,  mediahvard,  and  forward  by  the  weight  of  the  body,  and  the  foot  becomes  flattened, 
expanded,  and  turned  lateralward,  and  exhibits  the  condition  known  as  flat-foot.  This  ligament 
contains  a  considerable  amount  of  elastic  fibers,  so  as  to  give  elasticity  to  the  arch  and  spring 
to  the  foot;  hence  it  is  sometimes  called  the  “spring’'  ligament.  It  is  supported,  on  its  plantar 
surface,  by  the  tendon  of  the  Tibialis  posterior,  which  spreads  out  at  its  insertion  into  a  number 
of  fasciculi,  to  be  attached  to  most  of  the  tarsal  and  metatarsal  bones.  This  prevents  undue 
stretching  of  the  ligament,  and  is  a  protection  against  the  occurrence  of  flat-foot;  hence  muscular 
weakness  is,  in  most  cases,  the  primary  cause  of  the  deformity. 

Cuneonavicular  Articulation  ( articulatio  cuneonavicularis ;  articulation  of  the 
navicular  with  the  cuneiform  hones). — The  navicular  is  connected  to  the  three 
cuneiform  bones  by  dorsal  and  plantar  ligaments. 

The  Dorsal  Ligaments  ( ligamenta  navicularicuneiformia  dorsalia). — The  dorsal 
ligaments  are  three  small  bundles,  one  attached  to  each  of  the  cuneiform  bones. 
The  bundle  connecting  the  navicular  with  the  first  cuneiform  is  continuous  around 
the  medial  side  of  the  articulation  with  the  plantar  ligament  which  unites  these 
two  bones  (Figs.  362,  363). 

The  Plantar  Ligaments  {ligamenta  nadcularicuneiformia  plantar  in). — The  plantar 
ligaments  have  a  similar  arrangement  to  the  dorsal,  and  are  strengthened  by  slips 
from  the  tendon  of  the  Tibialis  posterior  (Fig.  366). 

Synovial  Membrane. — The  synovial  membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane  (Fig.  308). 

Movements. — Mere  gliding  movements  are  permitted  between  the  navicular  and  cuneiform 
bones. 

Cuboideonavicul&r  Articulation.— The  navicular  bone  is  connected  with  the 
cuboid  by  dorsal,  plantar,  and  interosseous  ligaments. 
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The  Dorsal  ligament  {ligamentum  cuboideonaviculare  dor  sale), — The  dorsal  ligament 
extends  obliquely  forward  and  lateral  ward  from  the  navicular  to  the  cuboid  bone 
(Fig.  3031. 

The  Plantar  Ligament  (ligamentum  cuboideonaviculare  plantar e) —The  plantar 
ligament  passes  nearly  transversely  between  these  two  bones  (Fig.  366). 

The  Interosseous  Ligament.— The  interosseous  ligament  consists  of  strong  trans¬ 
verse  fibers,  and  connects  the  rough  non-articular  portions  of  the  adjacent  surfaces 
of  the  two  bones  Fig,  36S). 

Synovial  Membrane. — The  synovial  membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane  (Fig.  36$). 

Movements. — The  movements  permitted  between  the  navicular  and  cuboid  bones  are  limited 
to  a  slight  gliding  upon  each  other. 
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-Oblique  auction  of  left  intertareal  and  tarsometatara&l  articulationfl,  showing  the  synovial  cavities. 


Intercuneiform  and  Cuneocuboid  Articulations.— The  three  cuneiform  bones  and 
the  cuboid  are  connected  together  by  dorsal,  plantar,  and  interosseous  ligaments. 

The  Dorsal  Ligaments  ( Ugamenta  inter  cuneif  or  mm  dormlia). — The  dorsal  liga¬ 
ments  consist  of  three  transverse  bands:  one  connects  the  first  with  the  second 
cuneiform,  another  the  second  with  the  third  cuneiform,  and  another  the  third 
cuneiform  with  the  cuboid. 

The  Plantar  Ligaments  (Ugamenta  inter  cuneif  or  mia  plant  aria). — The  plantar  liga¬ 
ments  have  a  similar  arrangement  to  the  dorsal,  and  are  strengthened  by  slips 
from  the  tendon  of  the  Tibialis  posterior. 

The  Interosseous  Ligaments  (Ugamenta  inter  cuneif ormia  inter ossed). — The  inter¬ 
osseous  ligaments  consist  of  strong  transverse  fibers  which  pass  between  the  rough 
non-articular  portions  of  the  adjacent  surfaces  of  the  bones  (Fig.  36S). 
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Synovial  Membrane. — The  synovial  membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane  (Fig.  368). 

Movements. — The  movements  permitted  between  these  bones  are  limited  to  a  slight  gliding 
upon  each  other. 


VI.  Tarsometatarsal  Articulations  (Articulationes  Tarsometatarsea). 

These  are  arthrodial  joints.  The  bones  entering  into  their  formation  are  the 
first,  second,  and  third  cuneiforms,  and  the  cuboid,  which  articulate  with  the  bases 
of  the  metatarsal  bones.  The  first  metatarsal  bone  articulates  with  the  first  cunei¬ 
form;  the  second  is  deeply  wedged  in  between  the  first  and  third  cuneiforms 
articulating  by  its  base  with  the  second  cuneiform;  the  third  articulates  with  the 
third  cuneiform;  the  fourth,  wTith  the  cuboid  and  third  cuneiform;  and  the  fifth, 
with  the  cuboid.  The  bones  are  connected  by  dorsal,  plantar,  and  interosseous 
ligaments. 

The  Dorsal  Ligaments  ( ligamenia  tarsometatarsea  dorsalia). — The  dorsal  ligaments 
are  strong,  flat  bands.  The  first  metatarsal  is  joined  to  the  first  cuneiform  by  a 
broad,  thin  band;  the  second  has  three,  one  from  each  cuneiform  bone;  the  third 
has  one  from  the  third  cuneiform;  the  fourth  has  one  from  the  third  cuneiform 
and  one  from  the  cuboid;  and  the  fifth,  one  from  the  cuboid  (Figs.  362,  363). 

The  Plantar  Ligaments  ( ligamenta  tarsometatarsea  plantaria). — The  plantar  liga¬ 
ments  consist  of  longitudinal  and  oblique  bands,  disposed  with  less  regularity 
than  the  dorsal  ligaments.  Those  for  the  first  and  second  metatarsals  are  the 
strongest;  the  second  and  third  metatarsals  are  joined  by  oblique  bands  to  the 
first  cuneiform;  the  fourth  and  fifth  metatarsals  are  connected  by  a  few  fibers 
to  the  cuboid  (Fig.  366). 

The  Interosseous  Ligaments  ( ligamenta  cuneometatarsea  interossia). — The  inter¬ 
osseous  ligaments  are  three  in  number.  The  first  is  the  strongest,  and  passes  from 
the  lateral  surface  of  the  first  cuneiform  to  the  adjacent  angle  of  the  second  meta¬ 
tarsal.  The  second  connects  the  third  cuneiform  writh  the  adjacent  angle  of  the 
second  metatarsal.  The  fourth  connects  the  lateral  angle  of  the  third  cuneiform 
with  the  adjacent  side  of  the  base  of  the  third  metatarsal. 

Synovial  Membrane  (Fig.  368). — The  synovial  membrane  between  the  first  cuneiform  and 
the  first  metatarsal  forms  a  distinct  sac.  The  synovial  membrane  between  the  second  and  third 
cuneiforms  behind,  and  the  second  and  third  metatarsal  bones  in  front,  is  part  of  the  great  tars&l 
synovial  membrane.  Two  prolongations  are  sent  forward  from  it,  one  between  the  adjacent  sides 
of  the  second  and  third,  and  another  between  those  of  the  third  and  fourth  metatarsal  bones. 
The  synovial  membrane  between  the  cuboid  and  the  fourth  and  fifth  metatarsal  bones  forms  a 
distinct  sac.  From  it  a  prolongation  is  sent  forward  between  the  fourth  and  fifth  metatarsal  bones. 

Movements. — The  movements  permitted  between  the  tarsal  and  metatarsal  bones  are  limited 
to  slight  gliding  of  the  bones  upon  each  other. 

Nerve  Supply. — The  intertarsal  and  tarsometatarsal  joints  are  supplied  by  the  deep  peroneal 
nerve. 


VII.  Intermetatarsal  Articulations  (Articulationes  Intermetatarseae). 

The  base  of  the  first  metatarsal  is  not  connected  with  that  of  the  second  by  any 
ligaments;  in  this  respect  the  great  toe  resembles  the  thumb. 

The  bases  of  the  other  four  metatarsals  are  connected  by  the  dorsal,  plantar, 
and  interosseous  ligaments. 

The  Dorsal  Ligaments  ( ligamenta  barium  [oss.  metatars.]  dorsalia)  pass  transversely 
between  the  dorsal  surfaces  of  the  bases  of  the  adjacent  metatarsal  bones. 

The  Plantar  Ligaments  ( ligamenta  basium  [oss.  metatars]  plantaria). — The  plantar 
ligaments  have  a  similar  arrangement  to  the  dorsal. 

The  Interosseous  Ligaments  ( ligamenta  barium  [oss.  metatars.]  interossea). — The 
interosseous  ligaments  consist  of  strong  transverse  fibers  which  connect  the  rough 
non-articular  portions  of  the  adjacent  surfaces. 
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Synovial  Membranes  (Fig.  368). — The  synovial  membranes  between  the  second  and  third, 
and  the  third  and  fourth  metatarsal  bones  are  part  of  the  great  tarsal  synovial  membrane;  that 
between  the  fourth  and  fifth  is  a  prolongation  of  the  synovial  membrane  of  the  cuboideometatarsal 
joint. 

Movements. — The  movement  permitted  between  the  tarsal  ends  of  the  metatarsal  bones 
is  limited  to  a  slight  gliding  of  the  articular  surfaces  upon  one  another. 

The  heads  of  all  the  metatarsal  bones  are  connected  together  by  the  transverse 
metatarsal  ligament. 

The  Transverse  Metatarsal  Ligament. — The  transverse  metatarsal  ligament  is  a 
narrow  band  which  runs  across  and  connects  together  the  heads  of  all  the  meta¬ 
tarsal  bones;  it  is  blended  anteriorly  with  the  plantar  (glenoid)  ligaments  of  the 
metatarsophalangeal  articulations.  Its  plantar  surface  is  concave  where  the 
Flexor  tendons  run  below  it;  above  it  the  tendons  of  the  Interossei  pass  to  their 
insertions.  It  differs  from  the  transverse  metacarpal  ligament  in  that  it  connects 
the  metatarsal  to  the  others. 

The  Synovial  Membranes  in  the  Tarsal  and  Tarsometatarsal  Joints  (Fig.  368). — The  synovial 
membranes  found  in  the  articulations  of  the  tarsus  and  metatarsus  are  six  in  number:  one  for 
the  talocalcaneal  articulation;  a  second  for  the  talocalcaneonavicular  articulation;  a  third  for 
the  calcaneocuboid  articulation;  and  a  fourth  for  the  cuneonavicular,  intercuneiform,  and  cuneo- 
cuboid  articulations,  the  articulations  of  the  second  and  third  cuneiforms  with  the  bases  of  the 
second  and  third  metatarsal  bones,  and  the  adjacent  surfaces  of  the  bases  of  the  second,  third, 
and  fourth  metatarsal  bones;  a  fifth  for  the  first  cuneiform  with  the  metatarsal  bone  of  the  great 
toe;  and  a  sixth  for  the  articulation  of  the  cuboid  with  the  fourth  and  fifth  metatarsal  bones. 
A  small  synovial  cavity  is  sometimes  found  between  the  contiguous  surfaces  of  the  navicular 
and  cuboid  bones. 

TIH  Metatarsophalangeal  Articulations  (Articulationes  Metatarsophalangeal). 

The  metatarsophalangeal  articulations  are  of  the  condyloid  kind,  formed  by 
the  reception  of  the  rounded  heads  of  the  metatarsal  bones  in  shallow'  cavities 
on  the  ends  of  the  first  phalanges. 

The  ligaments  are  the  plantar  and  two  collateral. 

The  Plantar  Ligaments  ( ligamenta  accessoria  plantaria;  glenoid  ligaments  of  Cru - 
teilhier ). — The  plantar  ligaments  are  thick,  dense,  fibrous  structures.  They  are 
placed  on  the  plantar  surfaces  of  the  joints  in  the  intervals  between  the  collateral 
ligaments,  to  which  they  are  connected;  they  are  loosely  united  to  the  metatarsal 
bones,  but  very  firmly  to  the  bases  of  the  first  phalanges.  Their  plantar  surfaces 
are  intimately  blended  with  the  transverse  metatarsal  ligament,  and  grooved  for 
the  passage  of  the  Flexor  tendons,  the  sheaths  surrounding  which  are  connected 
to  the  sides  of  the  grooves.  Their  deep  surfaces  form  part  of  the  articular  facets 
for  the  heads  of  the  metatarsal  bones,  and  are  lined  by  synovial  membrane. 

The  Collateral  Ligaments  ( ligamenta  collateralia;  lateral  ligaments). — The  collat¬ 
eral  ligaments  are  strong,  rounded  cords,  placed  one  on  either  side  of  each  joint, 
and  attached,  by  one  end,  to  the  posterior  tubercle  on  the  side  of  the  head  of  the 
metatarsal  bone,  and,  by  the  other,  to  the  contiguous  extremity  of  the  phalanx. 

The  place  of  dorsal  ligaments  is  supplied  by  the  Extensor  tendons  on  the  dorsal 
surfaces  of  the  joints. 

Movements. — The  movements  permitted  in  the  metatarsophalangeal  articulations  are  flexion, 
extension,  abduction,  and  adduction. 

DL  Articulations  of  the  Digits  (Articulationes  Digitorum  Pedis;  Articulations  of 

the  Phalanges). 

The  interphalangeal  articulations  are  ginglymoid  joints,  and  each  has  a  plantar 
and  two  collateral  ligaments. 

The  arrangement  of  these  ligaments  is  similar  to  that  in  the  metatarsophalangeal 
articulations;  the  Extensor  tendons  supply  the  places  of  dorsal  ligaments. 
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Movements. — The  only  movements  permitted  in  the  joints  of  the  digits  are  flexion  and  exten¬ 
sion;  these  movements  are  more  extensive  between  the  first  and  second  phalanges  than  between 
the  second  and  third.  The  amount  of  flexion  is  very  considerable,  but  extension  is  limited  by  the 
plantar  and  collateral  ligaments. 

Arches  of  the  Foot. 

In  order  to  allow  it  to  support  the  weight  of  the  body  in  the  erect  posture  with 
the  least  expenditure  of  material,  the  foot  is  constructed  of  a  series  of  arches 
formed  by  the  tarsal  and  metatarsal  bones,  and  strengthened  by  the  ligaments 
and  tendons  of  the  foot. 

The  main  arches  are  the  antero-posterior  arches,  which  may,  for  descriptive 
purposes,  be  regarded  as  divisible  into  two  types — a  medial  and  a  lateral.  The 
medial  arch  (see  Fig.  297,  page  276)  is  made  up  by  the  calcaneus,  the  talus,  the 
navicular,  the  three  cuneiforms,  and  the  first,  second,  and  third  metatarsals.  Its 
summit  is  at  the  superior  articular  surface  of  the  talus,  and  its  two  extremities  or 
piers,  on  which  it  rests  in  standing,  are  the  tuberosity  on  the  plantar  surface  of 
the  calcaneus  posteriorly  and  the  heads  of  the  first,  second,  and  third  metatarsal 
bones  anteriorly.  The  chief  characteristic  of  this  arch  is  its  elasticity,  due  to  its 
height  and  to  the  number  of  small  joints  between  its  component  parts.  Its  weakest 
part,  i.  e.t  the  part  most  liable  to  yield  from  overpressure,  is  the  joint  between 
the  talus  and  navicular,  but  this  portion  is  braced  by  the  plantar  calcaneonavicular 
ligament,  which  is  elastic  and  is  thus  able  to  quickly  restore  the  arch  to  its  pristine 
condition  when  the  disturbing  force  is  removed.  The  ligament  is  strengthened 
medially  by  blending  with  the  deltoid  ligament  of  the  ankle-joint,  and  is  supported 
inferiorly  by  the  tendon  of  the  Tibialis  posterior,  which  is  spread  out  in  a  fan¬ 
shaped  insertion  and  prevents  undue  tension  of  the  ligament  or  such  an  amount 
of  stretching  as  would  permanently  elongate  it.  The  arch  is  further  supported  by 
the  plantar  aponeurosis,  by  the  small  muscles  in  the  sole  of  the  foot,  by  the  tendons 
of  the  Tibialis  anterior  and  posterior  and  Peronaeus  longus,  and  by  the  ligaments 
of  all  the  articulations  involved.  The  lateral  arch  (see  Fig.  298,  page  277)  is  com¬ 
posed  of  the  calcaneus,  the  cuboid,  and  the  fourth  and  fifth  metatarsals.  Its 
summit  is  at  the  talocalcaneal  articulation,  and  its  chief  joint  is  the  calcaneocuboid, 
which  possesses  a  special  mechanism  for  locking,  and  allows  only  a  limited  move¬ 
ment.  The  most  marked  features  of  this  arch  are  its  solidity  and  its  slight  eleva¬ 
tion;  two  strong  ligaments,  the  long  plantar  and  the  plantar  calcaneocuboid, 
together  with  the  Extensor  tendons  and  the  short  muscles  of  the  little  toe,  preserve 
its  integrity. 

While  these  medial  and  lateral  arches  may  be  readily  demonstrated  as  the 
component  antero-posterior  arches  of  the  foot,  yet  the  fundamental  longitudinal 
arch  is  contributed  to  by  both,  and  consists  of  the  calcaneus,  cuboid,  third  cunei¬ 
form,  and  third  metatarsal:  all  the  other  bones  of  the  foot  may  be  removed  without 
destroying  this  arch. 

In  addition  to  the  longitudinal  arches  the  foot  presents  a  series  of  transverse 
arches.  At  the  posterior  part  of  the  metatarsus  and  the  anterior  part  of  the  tarsus 
the  arches  are  complete,  but  in  the  middle  of  the  tarsus  they  present  more  the 
characters  of  half-domes  the  concavities  of  which  are  directed  downward  and 
medialward,  so  that  when  the  medial  borders  of  the  feet  are  placed  in  apposition 
a  complete  tarsal  dome  is  formed.  The  transverse  arches  are  strengthened  by  the 
interosseous,  plantar,  and  dorsal  ligaments,  by  the  short  muscles  of  the  first  and 
fifth  toes  (especially  the  transverse  head  of  the  Adductor  hallucis),  and  by  the 
Peronseus  longus,  whose  tendon  stretches  across  between  the  piers  of  the  arches. 

BIBLIOGRAPHY. 
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THE  Muscles  are  connected  with  the  bones,  cartilages,  ligaments,  and  skin, 
either  directly,  or  through  the  intervention  of  fibrous  structures  called  tendons 
or  aponeuroses.  Where  a  muscle  is  attached  to  bone  or  cartilage,  the  fibers  end 
in  blunt  extremities  upon  the  periosteum  or  perichondrium,  and  do  not  come  into 
direct  relation  with  the  osseous  or  cartilaginous  tissue.  Where  muscles  are  con¬ 
nected  with  its  skin,  they  lie  as  a  flattened  layer  beneath  it,  and  are  connected 
with  its  areolar  tissue  by  larger  or  smaller  bundles  of  fibers,  as  in  the  muscles  of 
the  face. 

There  is  considerable  variation  in  the  arrangement  of  the  fibers  of  certain  muscles 
with  reference  to  the  tendons  to  which  they  are  attached.  In  some  muscles  the 
fibers  are  parallel  and  run  directly  from  their  origin  to  their  insertion;  these  are 
quadrilateral  muscles,  such  as  the  Thyreohyoideus.  A  modification  of  these  is 
found  in  the  fusiform  muscles,  in  which  the  fibers  are  not  quite  parallel,  but  slightly 
curved,  so  that  the  muscle  tapers  at  either  end;  in  their  actions,  however,  they 
resemble  the  quadrilateral  muscles.  Secondly,  in  other  muscles  the  fibers  are 
convergent;  arising  by  a  broad  origin,  they  converge  to  a  narrow  or  pointed  inser¬ 
tion.  This  arrangement  of  fibers  is  found  in  the  triangular  muscles — e.  g.,  the 
Temporalis.  In  some  muscles,  which  otherwise  would  belong  to  the  quadrilateral 
or  triangular  type,  the  origin  and  insertion  are  not  in  the  same  plane,  but  the  plane 
of  the  line  of  origin  intersects  that  of  the  line  of  insertion;  such  is  the  case  in  the 
Pectineus.  Thirdly,  in  some  muscles  (e.  g.,  the  Peronei)  the  fibers  are  oblique  and 
converge,  like  the  plumes  of  a  quill  pen,  to  one  side  of  a  tendon  which  runs  the  entire 
length  of  the  muscle;  such  muscles  are  termed  unipennate.  A  modification  of  this 
condition  is  found  where  oblique  fibers  converge  to  both  sides  of  a  central  tendon; 
these  are  called  bipennate,  and  an  example  is  afforded  in  the  Rectus  femoris. 
Finally,  there  are  muscles  in  which  the  fibers  are  arranged  in  curved  bundles  in 
one  or  more  planes,  as  in  the  Sphincters.  The  arrangement  of  the  fibers  is  of  con¬ 
siderable  importance  in  respect  to  the  relative  strength  and  range  of  movement 
of  the  muscle.  Those  muscles  where  the  fibers  are  long  and  few  in  number  have 
great  range,  but  diminished  strength;  where,  on  the  other  hand,  the  fibers  are 
short  and  more  numerous,  there  is  great  power,  but  lessened  range. 

The  names  applied  to  the  various  muscles  have  been  derived:  (1)  from  their 
situation,  as  the  Tibialis,  Radialis,  Ulnaris,  Peronseus;  (2)  from  their  direction,  as 
the  Rectus  abdominis,  Obliqui  capitis,  Transversus  abdominis;  (3)  from  their  uses, 
as  Flexors,  Extensors,  Abductors,  etc.;  (4)  from  their  shape,  as  the  Deltoideus, 
Rhomboideus;  (5)  from  the  number  of  their  divisions,  as  the  Biceps  and  Triceps; 
(6)  from  their  points  of  attachment,  as  the  Sternocleidomastoideus,  Sternohyoideus, 
Stemothyreoideus. 

In  the  description  of  a  muscle,  the  term  origin  is  meant  to  imply  its  more  fixed 
or  central  attachment;  and  the  term  insertion  the  movable  point  on  which  the  force 
of  the  muscle  is  applied;  but  the  origin  is  absolutely  fixed  in  only  a  small  number 
of  muscles,  such  as  those  of  the  face  which  are  attached  by  one  extremity  to  immov¬ 
able  bones,  and  by  the  other  to  the  movable  integument;  in  the  greater  number, 
the  muscle  can  be  made  to  act  from  either  extremity. 

In  the  dissection  of  the  muscles,  attention  should  be  directed  to  the  exact  origin , 

1  The  muscles  and  fascia  are  described  conjointly,  in  order  that  the  student  may  consider  the  arrangement  of  the 
Utter  in  his  dissection  of  the  former.  It  is  rare  for  the  student  of  anatomy  in  this  country  to  have  the  opportunity 
of  dissecting  the  fascise  separately;  and  it  is  for  this  reason,  as  well  as  from  the  close  connection  that  exists  between 
the  muscles  and  their  investing  sheaths,  that  they  are  considered  together.  Some  general  observations  are  first  made 
on  the  anatomy  of  the  muscles  and  fasciss,  the  special  descriptions  being  given  in  connection  with  the  different  regions. 
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insertion ,  and  actions  of  each,  and  to  its  more  important  relations  with  surrounding 
parts.  While  accurate  knowledge  of  the  points  of  attachment  of  the  muscles  is 
of  great  importance  in  the  determination  of  their  actions,  it  is  not  to  be  regarded 
as  conclusive.  The  action  of  the  muscle  deduced  from  its  attachments,  or  even 
by  pulling  on  it  in  the  dead  subject,  is  not  necessarily  its  action  in  the  living.  By 
pulling,  for  example,  on  the  Brachioradialis  in  the  cadaver  the  hand  may  be  slightly 
supinated  when  in  the  prone  position  and  slightly  pronated  when  in  the  supine 
position,  but  there  is  no  evidence  that  these  actions  are  performed  by  the  muscle 
during  life.  It  is  impossible  for  an  individual  to  throw  into  action  any  one  muscle; 
in  other  words,  movements,  not  muscles,  are  represented  in  the  central  nervous 
system.  To  carry  out  a  movement  a  definite  combination  of  muscles  is  called  into 
play,  and  the  individual  has  no  power  either  to  leave  out  a  muscle  from  this  com¬ 
bination  or  to  add  one  to  it.  One  (or  more)  muscle  of  the  combination  is  the  chief 
moving  force;  when  this  muscle  passes  over  more  than  one  joint  other  muscles 
(synergic  muscles)  come  into  play  to  inhibit  the  movements  not  required ;  a  third 
set  of  muscles  (fixation  muscles)  fix  the  limb — i.  e.,  in  the  case  of  the  limb-movements 
— and  also  prevent  disturbances  of  the  equilibrium  of  the  body  generally.  As  an 
example,  the  movement  of  the  closing  of  the  fist  may  be  considered:  (1)  the  prime 
movers  are  the  Flexores  digitorum,  Flexor  pollicis  longus,  and  the  small  muscles 
of  the  thumb;  (2)  the  synergic  muscles  are  the  Extensores  carpi,  which  prevent 
flexion  of  the  wrist;  while  (3)  the  fixation  muscles  are  the  Biceps  and  Triceps 
brachii,  which  steady  the  elbow  and  shoulder.  A  further  point  which  must  be 
borne  in  mind  in  considering  the  actions  of  muscles  is  that  in  certain  positions 
a  movement  can  be  effected  by  gravity,  and  in  such  a  case  the  muscles  acting  are 
the  antagonists  of  those  which  might  be  supposed  to  be  in  action.  Thus  in  flexing 
the  trunk  when  no  resistance  is  interposed  the  Sacrospinales  contract  to  regulate 
the  action  of  gravity,  and  the  Recti  abdominis  are  relaxed.1 

By  a  consideration  of  the  action  of  the  muscles,  the  surgeon  is  able  to  explain 
the  causes  of  displacement  in  various  forms  of  fracture,  and  the  causes  which  pro¬ 
duce  distortion  in  various  deformities,  and,  consequently,  to  adopt  appropriate 
treatment  in  each  case.  The  relations,  also,  of  some  of  the  muscles,  especially 
those  in  immediate  apposition  with  the  larger  bloodvessels,  and  the  surface  mark¬ 
ings  they  produce,  should  be  remembered,  as  they  form  useful  guides  in  the 
application  of  ligatures  to  those  vessels. 

DEVELOPMENT  OF  THE  MUSCLES. 

Both  the  cross-striated  and  smooth  muscles,  with  the  exception  of  a  few  that  are 
of  ectodermal  origin,  arise  from  the  mesoderm.  The  intrinsic  muscles  of  the  trunk 
are  derived  from  the  myotomes  while  the  muscles  of  the  head  and  limbs  differentiate 
directly  from  the  mesoderm. 

The  Myotomic  Muscles. — The  intrinsic  muscles  of  the  trunk  which  are  derived 
directly  from  the  myotomes  are  conveniently  treated  in  two  groups,  the  deep 
muscles  of  the  back  and  the  thoraco-abdominal  muscles. 

The  deep  muscles  of  the  back  extend  from  the  sacral  to  the  occipital  region  and 
vary  much  in  length  and  size.  They  act  chiefly  on  the  vertebral  column.  The 
shorter  muscles,  such  as  the  Interspinales,  Intertransversarii,  the  deeper  layers  of 
the  Multifidus,  the  Rotatores,  Levatores  costarum,  Obliquus  capitis  inferior, 
Obliquus  capitis  superior  and  Rectus  capitis  posterior  minor  which  extend  between 
adjoining  vertebne,  retain  the  primitive  segmentation  of  the  myotomes.  Other 
muscles,  such  as  the  Splenius  capitis,  Splenius  cervicis,  Sacrospinalis,  Semispinalis, 
Multifidus,  Iliocostalis,  Longissimus,  Spinales,  Semispinales,  and  Rectus  capitis 
posterior  major,  which  extend  over  several  vertebne,  are  formed  by  the  fusion  of 
successive  myotomes  and  the  splitting  into  longitudinal  columns. 

1  Consult  in  this  connection  the  Croonian  Lectures  (1903)  on  “Muscular  Movements  and  Their  Representation  in 
the  Central  Nervous  System,”  by  Charles  E.  Beevor,  M.D. 
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The  fascia  lumbo-dorsalis  develops  between  the  true  myotomic  muscles  and  the 
more  superficial  ones  which  migrate  over  the  back  such  as  the  Trapezius,  Rhom- 
boideus,  and  Latissimus. 

The  anterior  vertebral  muscles,  the  Longus  colli,  Longus  capitis,  Rectus  capitis 
anterior  and  Rectus  capitis  lateralis  are  derived  from  the  ventral  part  of  the  cervical 
myotomes  as  are  probably  also  the  Scaleni. 

The  thoraco-abdominal  muscles  arise  through  the  ventral  extension  of  the 
thoracic  myotomes  into  the  body  wall.  This  process  takes  place  coincident  with  the 
ventral  extension  of  the  ribs.  In  the  thoracic  region  the  primitive  myotomic 
segments  still  persist  as  the  intercostal  muscles,  but  over  the  abdomen  these  ventral 
myotomic  processes  fuse  into  a  sheet  which  splits  in  various  ways  to  form  the 
Rectus,  the  Obliquus  externus  and  internus,  and  the  Transversal  is.  Such  muscles 
as  the  Pectoralis  major  and  minor  and  the  Serratus  anterior  do  not  belong  to  the 
above  group.  * 

The  Ventrolateral  Muscles  of  the  Neck. — The  intrinsic  muscles  of  the  tongue,  the 
Infrahyoid  muscles  and  the  diaphragm  are  derived  from  a  more  or  less  continuous 
premuscle  mass  which  extends  on  each  side  from  the  tongue  into  the  lateral  region 
of  the  upper  half  of  the  neck  and  into  it  early  extend  the  hypoglossal  and  branches 
of  the  upper  cervical  nerves.  The  two  halves  which  form  the  Infrahyoid  muscles 
and  the  diaphragm  are  at  first  widely  separated  from  each  other  by  the  heart. 
As  the  latter  descends  into  the  thorax  the  diaphragmatic  portion  of  each  lateral 
mass  is  carried  with  its  nerve  down  into  the  thorax  and  the  laterally  placed  Infra¬ 
hyoid  muscles  move  toward  the  midventral  line  of  the  neck. 

Muscles  of  the  Shoulder  Qirdle  and  Arm. — The  Trapezius  and  Sternocleidomas- 
toideus  arise  from  a  common  premuscle  mass  in  the  occipital  region  just  caudal  to 
the  last  branchial  arch;  as  the  mass  increases  in  size  it  spreads  downward  to  the 
shoulder  girdle  to  which  it  later  becomes  attached.  It  also  spreads  backward  and 
downward  to  the  spinous  processes,  gaining  attachment  at  a  still  later  period. 

The  Levator  scapulae,  Serratus  anterior  and  the  Rhomboids  arise  from  premuscle 
tissue  in  the  lower  cervical  region  and  undergo  extensive  migration. 

The  Latissimus  dorsi  and  Teres  major  are  associated  in  their  origin  from  the 
premuscle  sheath  of  the  arm  as  are  also  the  two  Pectoral  muscles  when  the  arm 
bud  lies  in  the  lower  cervical  region. 

The  intrinsic  muscles  of  the  arm  develop  in  situ  from  the  mesoderm  of  the  arm 
bud  and  probably  do  not  receive  oells  or  buds  from  the  myotomes.  The  nerves 
enter  the  arm  bud  when  it  still  lies  in  the  cervical  region  and  as  the  arm  shifts 
eaudally  over  the  thorax  the  lower  cervical  nerves  which  unite  to  form  the  brachial 
plexus,  acquire  a  caudal  direction. 

The  Muscles  of  the  Leg. — The  muscles  of  the  leg  like  those  of  the  arm  develop 
in  situ  from  the  mesoderm  of  the  leg  bud,  the  myotomes  apparently  taking  no 
part  in  their  formation. 

The  Muscles  of  the  Head. — The  muscles  of  the  orbit  arise  from  the  mesoderm  over 
the  dorsal  and  caudal  sides  of  the  optic  stalk. 

The  muscles  of  mastication  arise  from  the  mesoderm  of  the  mandibular  arch. 
The  mandibular  division  of  the  trigeminal  nerve  enters  this  premuscle  mass  before 
it  splits  into  the  Temporal,  Masseter  and  Pterygoideus. 

The  facial  muscles  (muscles  of  expression)  arise  from  the  mesoderm  of  the  hyoid 
arch.  The  facial  nerve  enters  this  mass  before  it  begins  to  split,  and  as  the  muscle 
mass  spreads  out  over  the  face  and  head  and  neck  it  splits  more  or  less  incompletely 
into  the  various  muscles. 

The  early  differentiation  of  the  muscular  system  apparently  goes  on  independ¬ 
ently  of  the  nervous  system  and  only  later  does  it  appear  that  muscles  are  dependent 
on  the  functional  stimuli  of  the  nerves  for  their  continued  existence  and  growth. 
Although  the  nervous  system  does  not  influence  muscle  differentiation,  the  nerves, 
owing  to  their  early  attachments  to  the  muscle  rudiments,  are  in  a  general  way 
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indicators  of  the  position  of  origin  of  many  of  the  muscles  and  likewise  in  many 
instances  the  nerves  indicate  the  paths  along  which  the  developing  muscles  have 
migrated  during  development.  The  muscle  of  the  diaphragm,  for  example,  has  its 
origin  in  the  region  of  the  fourth  and  fifth  cervical  segments.  The  phrenic  nerve  enters 
the  muscle  mass  while  the  latter  is  in  this  region  and  is  drawn  out  as  the  diaphragm 
migrates  through  the  thorax.  The  Trapezius  and  Sternocleidomastoideus  arise 
in  the  lateral  occipital  region  as  a  common  muscle  mass,  into  which  at  a  very  early 
period  the  nervus  accessorius  extends  and  as  the  muscle  mass  migrates  and  extends 
caudally  the  nerve  is  carried  with  it.  The  Pectoralis  major  and  minor  arise  in  the 
cervical  region,  receive  their  nerves  while  in  this  position  and  as  the  muscle  mass 
migrates  and  extends  caudally  over  the  thorax  the  nerves  are  carried  along.  The 
Latissimus  dorsi  and  Serratus  anterior  are  excellent  examples  of  migrating  muscles 
whose  nerve  supply  indicates  their  origin  in  the  cervical  region.  The  Rectus 
abdominis  and  the  other  abdominal  muscles  migrate  or  shift  from  a  lateral  to  a 
ventrolateral  or  abdominal  position,  carrying  with  them  the  nerves. 

The  facial  nerve,  which  early  enters  the  common  facial  muscle  mass  of  the  second 
branchial  or  hyoid  arch,  is  dragged  about  with  the  muscle  as  it  spreads  over  the  head 
and  face  and  neck,  and  as  the  muscle  splits  into  the  various  muscles  of  expression, 
the  nerve  is  correspondingly  split.  The  mandibular  division  of  the  trigeminal  nerve 
enters  at  an  early  time  the  muscle  mass  in  the  mandibular  arch  and  as  this  mass 
splits  and  migrates  apart  to  form  the  muscles  of  mastication  the  nerve  splits  into 
its  various  branches. 

The  nerve  supply  then  serves  as  a  key  to  the  common  origin  of  certain  groups  of 
muscles.  The  muscles  supplied  by  the  oculomotor  nerve  arise  from  a  single  mass 
in  the  eye  region;  the  lingual  muscles  arise  from  a  common  mass  supplied  by  the 
hypoglossal  nerve. 

STRUCTURE  OF  MUSCLE. 

Striped  or  Voluntary  Muscle. — Striped  or  voluntary  muscle  is  composed  of  bundles 
of  fibers  each  enclosed  in  a  delicate  web  called  the  perimysium  in  contradistinction 
to  the  sheath  of  areolar  tissue  which  invests  the  entire  muscle,  the  epimysium. 
The  bundles  are  termed  fasciculi;  they  are  prismatic  in  shape,  of  different  sizes 
in  different  muscles,  and  are  for  the  most  part  placed  parallel  to  one  another, 
though  they  have  a  tendency  to  converge  toward  their  tendinous  attachments. 
Each  fasciculus  is  made  up  of  a  strand  of  fibers,  which  also  run  parallel  with  each 
other,  and  are  separated  from  one  another  by  a  delicate  connective  tissue  derived 
from  the  perimysium  and  termed  endomysium.  This  does  not  form  the  sheath  of 
the  fibers,  but  serves  to  support  the  bloodvessels  and  nerves  ramifying  between  them. 

A  muscular  fiber  may  be  said  to  consist  of  a  soft  contractile  substance,  enclosed 
in  a  tubular  sheath  named  by  Bowman  the  sarcolemma.  The  fibers  are  cylindrical 
or  prismatic  in  shape  (Fig.  369),  and  are  of  no  great  length,  not  exceeding,  as  a  rule, 
40  mm.  Huber1  has  recently  found  that  the  muscle  fibers  in  the  adductor  muscle 
of  the  thigh  of  the  rabbit  vary  greatly  in  length  even  in  the  same  fasciculus.  In  a 
fasciculus  40  mm.  in  length  the  fibers  varied  from  30.4  mm.  to  9  mm.  in  length. 
Their  breadth  varies  in  man  from  0.01  to  0.1  mm.  As  a  rule,  the  fibers  do  not 
divide  or  anastomose;  but  occasionally,  especially  in  the  tongue  and  facial  mus¬ 
cles,  they  may  be  seen  to  divide  into  several  branches.  In  the  substance  of  the 
muscle,  the  fibers  end  by  tapering  extremities  which  are  joined  to  the  ends  of 
other  fibers  by  the  sarcolemma.  At  the  tendinous  end  of  the  muscle  the  sarco¬ 
lemma  appears  to  blend  with  a  small  bundle  of  fibers,  into  which  the  tendon 
becomes  subdivided,  while  the  muscular  substance  ends  abruptly  and  can  be 
readily  made  to  retract  from  the  point  of  junction.  The  areolar  tissue  between 
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the  fibers  appears  to  be  prolonged  more  or  Jess  into  the  tendon,  so  as  to  farm  &  kind 
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The  s&.rcol«mmft:  or  tuhiifor  sheath  of  the  fiber,  is  a  transparent,  d u s t ie ,  and 


protoplasm 


the  fiber 
granular 


m: 


Fw;  ie&SQU  uf  heunun  striped  idubc-Iij  fibers. 

: ;:o.y  .v2/»s. 


Efc».  ^7'0r.*~rStHpe3  tn«sc!»  fibf*fh  from  tongue xrf 
rut.  >;  2A0 


In  fix&J  material  the  fiber  shows  a  longitudinal  stmtioa  ami  can  be  broken  up 
mm  hhnb,  temped  sam styles  pr  muscle  columns.  It  is  doubtful  as  to  whether 
ibev  represent  eicrueors  pre^ust  In  the  lb  tug  fiber, 

traverse  seetiam  the  mij^rular  fiber  is  ^een  to  be  divided  into  a  number 


pifcsm  (Fig.  3b$?h 

I’puri  closer  examination,  and  by  the  appearance^ 

become  mo-re  complicated,  and  are  The 

traverse  striation,  which  iu  Fig.  oTO  uppers  as  a  mere  alternation  of  dark  and 
Si^t  Ifiiiid^  is  resdvesj  into  the  app^^tfcjticte  Fig*  :3J:iV which  t&ovds  a  series 

of  broad  dark  bands,  separated  by  fjjdu  bunds,  each  of  which  is  divided  into  two 
in  a  darfc  dotted  line.  This  line  h  tef im?d  Btfbie's  line  or  Kra^ste  • . maiabrane 
fFig.  3?24  •»/.},  because  it  was  believed  l»y  to  be  anaetuat  membrane*  con* 

fimmus  *sith  the  sarcolemnm.  and  dividing  the  light  band  into  two  compartments, 
la  addition  to  the  membrane  of  Krause,  fine  dear  lines  may  be  made  out,  with  a 
njffiriently  high  jwvcr,  crossing  the  ccutcf  of  the  dark  band;  th^e  ^ire  known  as 
the  tinea  of  Heosea  (Fig.  372,  h). 

Vmeis  and  Nerves  of  Striped  Muscle.~Tho  capillaries  of  striped  rmtscle  arc 

very  afnmduni,  and  form,  a  sort  of  rceiuygolur  network-  tin*- V> ranches  of  which  run 
Ktigundmully  in  the  emlomysiurn  between  the  muscular  fibers,  and  are  joined  i\t 
chart  intervals  try  transverse  anastomosing  hrafvdte,  in  the  red  mu -cl cs  of  the 
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rabhtt  occur  on  the  transverse  branches  nfthe  eupijlary  network.  The 

larger  vascular  channels.  arteries  and  : vents,  arc-  fimorf  only  in  the  .perimv .si um, 
between  the  iimseul&r  funiculi.  Keros  #re  profusely  distributed  to  .strips  #iii*ele. 
Their  uimfa  of  termination  described  on  page  7AL  The  existence  of  Ijrmphbtib 
vessels- 'in  '.striped .  oitiscie  ims  not  been  .ascrrtameii, though  they  -have  been 

10  ^tKl°ns  and  in  the  sheatlb 

Ossifkntion  of  muscular  liaBu.e  as 7i  result 
B  .:  of-reptt’atgd'^i-ain  or  injury :;  is  xiet  intrV 
tiiient.  It  is:  offenesu  found  about-  tV^  t/y;- 
a'  dorj  of  the  Adductor  !on^%  and  X'iomx. 

**  /*  fm  ; 

**  /  /«  !  tiiigor; and  •p^fti?4j5us It  ftfj&r 

if;/  #  $  taxet  he  b)TO  of  e*oito^  hnidy  fixed  to  *  he 
l  1  if/  bpney-^v  gb ": ; >'.r>^:-_'l-l>f*. “Ti^ri » tie* — 

*£•  ,/  **j  nr  of  layers  or  boirs  lynight 

^  *  5  W  emmets  m  tM?  te^ue  npti  o?mJon*  Hu^ 

-  Sf  '  J§  "gfiitsjt^s  t'Krit  ttW*'feony  ‘>pOMte  *re  predated 
by  A  hemorrhagic  mytaati*  due  to  it<;-ry 
t*j  h/$ii  the  elfusdd  bhyxi  organising  &/id  being  iiri- 

—  */&i)  ^Uy  cop  verted  in  to  lrt>j&,  in  the  wrw  «fe- 

'  ,  Sf  *V  'am -ft  $$fc*  progressive  n-y.osifis  os^ficuort,  tb‘d7; 
**+*  £?  I  an  liaesplaiaed  tendency  for  pr^rt.VcaiJy 

!K*  any  of  U»e  toluntary  muscles  to  hmouw 
J •  v  S>  2  tTinrortcij  iMoMnitind  brittle;  boo>  n  u.  -*: 


Fio  3Tl.--i4  Portion  *of  a  nifffjmr* 4-91*1^  huturui  .  mu$cuj»? 
fiter.  Magnified  riearlyyiiOai:uiioivrs.  H  %j)«yjite^  0u^dlrt6 
of  fibril.  mpitiy.  i:a,  Larger, .  6,  h  km»Jl»?r 

colit  ci  iojit;  ■£.  StiU  AiiuUJur-  TLic  Amuilif^C  tv&ich  could 


He  deUt'd'fid 

;^inet^^-^t^V;#»^ti{i^.  flattened,  s»ti  tidv&id:  #  einstieiry.  They*  insist, 
almost  entirely  M  .wKtfiy  airfoils  tissue,  the  fibrils  of  which  have  -an  milulath^ 
course  parnlitei  ^i?e  .rl^isi^lx.-'Mni-i^tt; /  When  hoik*}  i« 

voter  tendon  is  almost  nwiplctely  converted  into  galatiVu  the  white  filers  i-einc 
composed  of  thedlbmrijitojd  collagen,  which  Is  ofW  regarded  as  the  anhydride  nif 


«*?  Wiiife  wurtlra  rjf  hy/lrortfM^  riiretjft.  f  Jltfpijt?)r  *  ,  f  Uglily  wn&aifc't'  .  The  tthffr.*.nr^.»n  differ* 
Wot  con'ii^v*jH4-;o|  wVitrH(;ti5« if  tixiM,  ^jUmajott ■Ifmiv'iK,  niwdt  t  ortrrHtii.etirdV  />,  uiuat  fn,  mpntbCieBe^ot  Krause; 

ife,  liow  •}/  Mfattfciu  x* ,  •s^ittneev  /fec-f.hx'sU'wr  ^?aist<uiW' •  .> 


g-elathi.  They  .ar^  very  s[>aruigly  s,Mj.»jiiic*l  with  bloodvessel*,  tire  smaller  tendons, 
'•pifscritinu  in  their  interior  00  trace  of  ( hem.  .Wi  ves  supplying  tendons  have  special 
modifications  of  their  terminal  fibers.'  natherl  organs  at  Golgi, 

Aponeuroses  are  fiat  toned  *>r  ribbon-shaped  tendons,  of  a  pearly  white  color, 
iridescent,  eltstetiifu',  and  similar  in  structure  to  the  tepdoijs.  •  They  are  only 
sparingly  supplied  Kith  bloodvessels. 
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The  tendons  and  aponeuroses  are  connected,  on  the  one  hand,  with  the  muscles, 
and,  on  the  other  hand,  with  the  movable  structures,  as  the  bones,  cartilages,  liga¬ 
ments,  and  fibrous  membranes  (for  instance,  the  sclera).  Where  the  muscular  fibers 
are  in  a  direct  line  with  those  of  the  tendon  or  aponeurosis,  the  two  are  directly 
continuous.  But  where  the  muscular  fibers  join  the  tendon  or  aponeurosis  at  an 
oblique  angle,  they  end,  according  to  Kolliker,  in  rounded  extremities  which  are 
received  into  corresponding  depressions  on  the  surface  of  the  latter,  the  connective 
tissue  between  the  muscular  fibers  being  continuous  with  that  of  the  tendon.  The 
latter  mode  of  attachment  occurs  in  all  the  penniform  and  bipenniform  muscles, 
and  in  those  muscles  the  tendons  of  which  commence  in  a  membranous  form, 
as  the  Gastrocnemius  and  Soleus. 

The  fasciae  are  fibroareolar  or  aponeurotic  laminae,  of  variable  thickness  and 
strength,  found  in  all  regions  of  the  body,  investing  the  softer  and  more  delicate 
organs.  During  the  process  of  development  many  of  the  cells  of  the  mesoderm 
are  differentiated  into  bones,  muscles,  vessels,  etc. ;  the  cells  of  the  mesoderm  which 
are  not  so  utilized  form  an  investment  for  these  structures  and  are  differentiated 
into  the  true  skin  and  the  fasciae  of  the  body.  They  have  been  subdivided,  from 
the  situations  in  which  they  occur,  into  superficial  and  deep. 

The  superficial  fascia  is  found  immediately  beneath  the  integument  over  almost  the 
entire  surface  of  the  body.  It  connects  the  skin  with  the  deep  fascia,  and  consists 
of  fibro-areolar  tissue,  containing  in  its  meshes  pellicles  of  fat  in  varying  quantity. 
Fibro-areolar  tissue  is  composed  of  white  fibers  and  yellow  elastic  fibers  intercrossing 
in  all  directions,  and  united  together  by  a  homogeneous  cement  or  ground  substance, 
the  matrix. 

The  cells  of  areolar  tissue  are  of  four  principal  kinds:  (1)  Flattened  lamellar 
cells,  which  may  be  either  branched  or  unbranched.  The  branched  lamellar  cells 
are  composed  of  clear  cytoplasm,  and  contain  oval  nuclei;  the  processes  of  these 
cells  may  unite  so  as  to  form  an  open  network,  as  in  the  cornea.  The  unbranched 
cells  are  joined  edge  to  edge  like  the  cells  of  an  epithelium;  the  “  tendon  cells,”  pres¬ 
ently  to  be  described,  are  examples  of  this  variety.  (2)  Clasmatocytes,  large  irregular 
cells  characterized  by  the  presence  of  granules  or  vacuoles  in  their  protoplasm, 
which  have  a  marked  affinity  for  such  vital  dyes  as  neutral  red  and  trypan  blue.1 
These  cells  have  very  high  phagocytic  powers  and  are  frequently  called  macro¬ 
phages.  (3)  Granule  cells  ( Mastzellen )  are  ovoid  or  spheroidal  in  shape.  They  are 
formed  of  a  soft  protoplasm,  containing  granules  which  are  basophil  in  character. 
(4)  Plasma  cells  of  Waldeyer,  usually  spheroidal  and  distinguished  by  containing 
a  vacuolated  protoplasm.  The  vacuoles  are  filled  with  fluid,  and  the  protoplasm 
between  the  spaces  is  clear,  with  occasionally  a  few  scattered  basophil  granules. 

In  addition  to  these  four  typical  forms  of  connective-tissue  corpuscles,  areolar 
tissue  may  be  seen  to  possess  wandering  cells,  i.  e .,  leucocytes  wrhich  have  emigrated 
from  the  neighboring  vessels;  in  some  instances,  as  in  the  choroid  coat  of  the  eye 
cells  filled  w  ith  granules  of  pigment  (pigment  cells)  are  found. 

The  cells  lie  in  spaces  in  the  ground  substance  between  the  bundles  of  fibers, 
and  these  spaces  may  be  brought  into  view  by  treating  the  tissue  with  nitrate  of 
silver  and  exposing  it  to  the  light.  This  will  color  the  ground  substance  and  leave 
the  cell-spaces  unstained. 

Fat  is  entirely  absent  in  the  subcutaneous  tissue  of  the  eyelids,  of  the  penis 
and  scrotum,  and  of  the  labia  minora.  It  varies  in  thickness  in  different  parts  of 
the  body;  in  the  groin  it  is  so  thick  that  it  may  be  subdivided  into  several  laminae. 
Beneath  the  fatty  layer  there  is  generally  another  layer  of  superficial  fascia,  com¬ 
paratively  devoid  of  adipose  tissue,  in  wrhich  the  trunks  of  the  subcutaneous  vessels 
and  nerves  are  found,  as  the  superficial  epigastric  vessels  in  the  abdominal  region, 
the  superficial  veins  in  the  forearm,  the  saphenous  veins  in  the  leg  and  thigh,  and  the 

1  Evans,  H.  M.,  and  K.  J.  Scott,  1921,  on  the  differential  reaction  to  vital  dyes  exhibited  by  the  two  great  groups  of 
connective- tissue  cell*.  Contributions  to  Embryology  No.  47. 
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superficial' *v}ioj>h  glands.  Certain  cutaneous  muscles  also  are  situated  in  tb^anper- 
ficialfa^ia,  as  ths  j’jatvama  m  thfeoec^, and  theOr^ddari';  wiill  an>«i>d  the  eyelids,.' 
This:  fascia  k  wi%t  dfet&ifet  at  tlie  knwsc  part  of.  the  abdomen,  perineum,  and  extremi* 
tics:  it  is  vetytldnin  those  region*  whetti  muscular  hirers  are  inserted  into  the 
integument,  as  an  the  side  of  the  tiock,  the  face,  and  aromjiit.bcTnaJijiii  nf  the  anus. 
It  isyery  dense  in  the  scalp,  iti  the  palms  of  the  bauds,  and  soles  of  thfe  feet,  forminga 
fi brp-f atty  layer,  which  binds  t fee  integument  firmly  to  thc'dnderlJpi^^j^^UfWi- 
The  3uperfids(.l  fa5eia  <xuihects  the  skin  to  the  subjaemi  pSftsi  facilitates  the 
niOveraeutofthe  skin,  -serves  as  a  soft  nidus  for  the  passage  d1  vcKsekand  nerves 
tc*  thp  inthgtlment,  ate)  retains  the  warmth  of the ^body,  siheeyhe  ftfc Contained  in 
its  areoirc  is  a  bad  conductor  of  heat. 


uJl 
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MECHANICS  OF  MUSCLE.1 

In  studying  the  mechanical  action  of  muscles  the  individual  muscle  cannot 
always  be  treated  as  a  single  unit,  since  different  parts  of  the  same  muscle  may 


Fiq.  374 


have  entirely  different  actions,  as  with  the  Pectoralis  major,  the  Deltoid,  and  the 
Trapezius  w  here  the  nerve  impulses  control  and  stimulate  different  portions  of  the 
muscle  in  succession  or  at  different  times.  Most  muscles  are,  however,  in  a  mechanical 


sense  units.  But  in  either  case  the  muscle  fibers  constitute  the  elementary  motor 
elements. 

The  Direction  of  the  Muscle  Pull. — In  those  muscles  where  the  fibers  always  run 
in  a  straight  line  from  origin  to  insertion  in  all  positions  of  the  joint,  a  straight  line 


\ 

Fia.  376 


joining  the  middle  of  the  surface  of  origin  with  the  middle  of  the  insertion  surface 
will  give  the  direction  of  the  pull  (Fig.  374).  If,  however,  the  muscle  or  its  tendon 
is  bent  out  of  a  straight  line  by  a  bony  process  or  ligament  so  that  it  runs  over  a 


1  R.  Fick.  Bardeleben’s  Handbuch  der  Anatomie  des  Menschen  Band  2. 
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pulley-like  arrangement,  the  direction  of  the  muscle  pull  is  naturally  bent  out  of 
line.  The  direction  of  the  pull  in  such  cases  is  from  the  middle  point  of  insertion 
to  the  middle  point  of  the  pulley  where  the  muscle  or  tendon  is  bent.  Muscles  or 
tendons  of  muscles  which  pass  over  more  than  one  joint  and  passthrough  more  than 
one  pulley  may  be  resolved,  so  far  as  the  direction  of  the  pull  is  concerned,  into  two 
or  more  units  or  single-joint  muscles  (Fig.  375).  The  tendons  of  the  Flexor  pro¬ 
fundus  digitorum,  for  example,  pass  through  several  pulleys  formed  by  fibrous 
sheaths.  The  direction  of  the  pull  is  different  for  each  joint  and  varies  for  each 
joint  according  to  the  position  of  the  bones.  The  direction  is  determined  in  each 

case,  however,  by  a  straight  line  between  the  centers 
of  the  pulleys  on  either  side  of  the  joint  (Fig.  376). 
The  direction  of  the  pull  in  any  of  the  segments 
would  not  be  altered  by  any  change  in  the  position 
or  origin  of  the  muscle  belly  above  the  proximal 
pulley. 

The  Action  of  the  Muscle  Pull  on  the  Tendon. — Where 
the  muscle  fibers  are  parallel  or  nearly  parallel  to  the 
direction  of  the  tendon  the  entire  strength  of  the 
muscle  contraction  acts  in  the  direction  of  the  tendon. 

In  pinnate  muscles,  however,  only  a  portion  of  the 
strength  of  contraction  is  efficient  in  the  direction  of 
the  tendon,  since  a  portion  of  the  pull  would  tend  to 
draw  the  tendon  to  one  side,  this  is  mostly  annulled 
by  pressure  of  surrounding  parts.  In  bipinnate  mus¬ 
cles  this  lateral  pull  is  counterbalanced.  If,  for  exam¬ 
ple,  the  muscle  fibers  are  inserted  into  the  tendon  at 
an  angle  of  60  degrees  (Fig.  377),  it  is  easy  to 
determine  by  the  parallelogram  of  forces  that  the 
strength  of  the  pull  along  the  direction  of  the  ten¬ 
don  is  equal  to  one-half  the  muscle  pull. 

T  =  tendon,  m  =  strength  and  direction  of  muscle 
pull. 

t  =  component  acting  in  the  direction  of  the  tendon. 

<f>  =  angle  of  insertion  of  muscle  fibers  into  tendon. 


cos  <t>  =  —  cos  z  60°  =  0.50000 

m 

0.5  —  —  t  =  \  m 
m 

If  z  <f>  =  72°  30'  cos  =  ^ 

z  </>  =  41°  20'  cos  =  J 

z  <j>  =  90°  cos  =  0 

z  </>  =  0°  cos  =  1 

The  more  acute  the  angle  </>,  that  is  the  smaller  the  angle,  the  greater  the  com¬ 
ponent  acting  in  the  direction  of  the  tendon  pull.  At  41°  20'  three-fourths  of  the 
pull  would  be  exerted  in  the  direction  of  the  tendon  and  at  0°  the  entire  strength. 
On  the  other  hand,  the  greater  the  angle  the  smaller  the  tendon  component;  at  72° 
30'  one-third  the  muscle  strength  would  act  in  the  direction  of  the  tendon  and  at 
90°  the  tendon  component  would  be  nil . 

The  Strength  of  Muscles. — The  strength  of  a  muscle  depends  upon  the  number  of 
fibers  in  what  is  known  as  the  physiological  cross-section,  that  is,  a  section  which 
passes  through  practically  all  of  the  fibers.  In  a  muscle  with  parallel  or  nearly 
parallel  fibers  which  have  the  same  direction  as  the  tendon  this  corresponds  to  the 
anatomical  cross-section,  but  in  unipinnate  and  bipinnate  muscles  the  physiological 
cross-section  may  be  nearly  at  right  angles  to  the  anatomical  cross-section  as  shown 
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fktinmtcs  have  been  fna.de  of  the  Att'if  it  w  pM&bfetbat  eobfsew 

fit*w«.l  musd«$  are  somewhat  stwme»?r  per  square  centimeter  ok  physioiogir-fi! 
trtw-seetloj)  thau  are  the  finc-fibered  tauscjes.  h'iekestiinxth^  the  avofage  strf'Ugth 
s>  :di>ut  10  kg.  per  square  m-  This  is  known  as  the  absolute  mrtaide  strength. 
The  total  strength  of  «  muscle would  be  equal  tu  the  number  of  peters 

m  its;  physiological  cross-section  X  lb  kg. 


,,«I. 

Ill m 


m 


■mm- 


N  /  Cta- 


tw  *1S  - 


ffi  * 

••■I,  t  udti'.rtii ;  /f.  mnj'iwi»ji«’  /’  bimqtiH/n;  i'  $  >  pb^iv-doKiruJ  '■.nv.i-.wuoo. 


The  Work  Accomplished  by  Muscles. — For  practical  uses  this  should  btMXpressed 
•  wfcifri&owMefs-.C  la  :t>wlter-  to  reckon  the  amount  of  xWJtfc-.  which  a  plus*  k-  can 
jiifnrm  Under  the  .most  favorable  conditions  .if  is  liecessitry  to  know  U  )  its  physio- 
tegis&l  cross-section  (Trtihe  msuamum  shortening,  anti  (3)  the  position  of  the  joint 
«Vn  the  latter  is  obtained,  '  -: 

Vvi.rk  -'iiftod  weight  X’  height  through  which  the  weight  b-  lifted,  or 
TVi).‘k  a*  tension  X  disbtnw:;  feitsum  0  physiologica!  cross-sect  ion  X  absolute 
musc-ie  strength.  ’■■'■.  1 ~  ’  ' 

If  a  muscle  has  a  physiological  cross-section  of  o  sq.  C*rn.  its-  tension  strength  ^ 
a  <  b>  or  .i<>  kg.  |f  it.  shortens  3  cm.  the  work  =■  3ii>  X  -ho  -  To  kiiognunq&^fgij 
if  >me  determines  then  the  physiological  cross-section  and  inuttipliiM  t he  absndute 
•tuuselt  strength.  10  kg.  by  this,  the  amount  of  tension  is  easily  obtained.  Then 
m*  must  determine  only  the  amount  of  .shortening  of  the  mustk-  for  a  ny  partieulur 
jxMimi!  of  tit*’  joint,  in  order  to  determine  the  amount  of  work  the  muscle fan  do,. 
mho:  work  =  Tension  X  distance.. 

IT<l-  XnsHii.  of  n  muscle  is,  however,  rmt  constant  during  the ’course  of  contraction 
hut  is imiitttutjiiK-.dciu-easing  during  cootraefion.  It  is  at  a  maximum  at  the  begin* 
fflfig aittf gmduklfj' decreases.  ■,•'•  -■  •-  ,  '■  ... 

This  can  be  illustrated  by  the  work  diagram.  Fig. 

1  M  II rfor'dinatm  =  tension. 

■i  F.Y  •  aiisedssTt i ,  -- .diortcuing.  "T;V;,\  /  .  . 

I  /»  -  tendon  of  muscle  in  extended  or  antagojiikfic  position. 

AV  =  amount  of  actual  shortening. 

.1  if  =  mii-ooii  in  •ijld|x>svth>h  i  absolute  luiiscie  strength. 
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D  V  =  shows  how  the  tension  sinks  from  maximum  (in  the  extended  position  of 
the  muscle)  where  it  is  about  double  that  in  the  midposition  ( M )  to 
nothing  on  complete  contraction. 

A  A  D  V  =  work  diagram,  in  reality  the  hypothenose  is  not  straight  but  has  a 
concave  curve.  The  A  has  the  same  area  as  the  rectangle  A  M  M'  V . 
AM  —  the  average  tension. 

Work  =  A  M  X  A  V  kilogrammeters  if  the  size  of  the  ordinate  as  expressed  in 
kilograms  and  the  abscissa  in  meters. 

Although  the  muscle  works  with  a  changing  tension,  yet  the  accomplishment  is 
the  same  as  if  it  were  contracting  with  the  tension  of  the  midposition. 

In  reality  the  amount  of  work  is  somewhat  greater  since  even  in  extreme  con¬ 
traction  the  muscle  still  retains  a  certain  amount  of  tension  so  that  the  maximum 
amount  of  work  is  more  nearly  like  A  D  X.  We  know  that  a  muscle  may  have 
an  extreme  actual  shortening  of  about  80  per  cent,  of  its  length  when  the  tendon 
of  insertion  is  cut. 
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The  trapezoid  A  D  S  V  represents  more  nearly  the  amount  of  work,  but  since 
there  are  only  approximate  values  and  A  D  S  Vis  not  much  larger  than  A  M  J/'  l\ 
we  may  use  the  latter. 

Only  the  tension  and  amount  of  shortening  are  needed  to  determine  the  amount 
of  work  of  the  muscle.  Neither  the  lever  arm  nor  the  fiber  angle  in  pinnate  muscles 
need  be  considered. 

The  diagram  Fig.  380  shows  that  the  lever  arm  is  of  no  importance  for  deter¬ 
mining  the  amount  of  work  the  muscle  performs. 

J B  and  J  Bl  =  two  bones  jointed  at  J.  CD  and  E F  =  the  direction  of  the  pull 
of  two  muscles  of  equal  cross-section,  each  having  a  muscle  tension  of  1000  gms. 

The  centers  of  the  attachments  are  such  that  perpendiculars  J  c  and  J  e  to 
C  D  and  E  F  are  equal  to  40  and  23  mm.  respectively,  J  c  =  40  mm.  and  J  e  = 
23  mm.  The  static  moments  are  equal  to  1000  X  40  and  1000  X  23,  therefore  the 
first  muscle  can  hold  a  much  larger  load  ( L )  on  the  bone  J  Bl  at  Hl  (100  mm.  from 
J)  than  the  second  muscle  w  hose  load  can  be  designated  as  Ll. 

Equilibrium  exists  for  the  first  muscle  if 

1000  X  40 

L  X  100  =  1000  X  40  or  L  =  - ^ —  =  400  gms. 

For  the  second  muscle  Lx  X100  =  1000  X  23. 

1000  X  23 

Ll  =  - 10() —  =  230  gms. 

If  we  suppose  J  B  to  be  fixed  and  J  Bl  to  move  in  the  plane  of  the  paper  about 
J  and  the  muscle  CD  to  shorten  5  mm.  C  d  =  C  D  —  5  mm.  and  with  the  tension 
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of  1000  gms.,  J  B1  will  take  the  position  J  B2  and  the  load  (L)  will  be  lifted  from 
W  to  E2. 

If  the  second  muscle  likewise  shortens  5  mm.  then  E  f  =  E  F  —  5  mm.,  and 
with  the  tension  of  1000  gms.  the  bone  J  Bl  will  take  the  position  J  B3  and  the 
weight  or  load  (Ll)  will  be  lifted  from  IP  to  IP.  The  question  now  is  to  prove 
that  the  work  done  is  the  same  in  both  cases,  namely,  5  X  1000  grammillimeters. 
If  so,  400  X  Hl  H2  =  230  X  H1  IP  =  5000  grammillimeters. 

Since  the  two  radii  C  d  and  C  d'  are  very  long  as  compared  with  the  arc  d  d!  we 
may  consider  this  short  arc  as  a  line  J_  to  C  I)  at  d',  likewise  the  arc  /  f  may  be 
considered  as  a  straight  line  J_  to  E  F.  In  the  same  manner  we  can  consider  the 
short  arcs  F  f,  D  d,  H1  H2  and  Hl  H3  X  to  the  line  J  Bl.  The  sides  D  d'  and  F  f 
of  the  A  D  dd'  and  F  ff  are  each  5  mm. 


The  lever  arm  D  J  =  60  mm.  and  J  F  =  30  mm. 
The  A  D  d  d'  is  similar  to  the  A  D  c  J 


hence  D  d  :  5  : 

60  :  40 

Dd 

300 

40 

also  E'H2 :  Dd  :: 

100  :  60 

100  :  60 

HlH2 

300 

24 

The  A  Fff'  is 

similar  to 

Fed 

hence/1/  :  5  : 

:  30  :  23 

Ff 

150 

23 

also  H'  U3 :  F  f  : 

:  100  :  30 

23 

:  100  :  30 

Hl  H3 

1500 

69 

400  X  ^  =  230  X  ^  =  5000 
24  69 


Thus  we  see  that  the  work  of  the  two  muscles  depends  on  the  size  of  the  contrac¬ 
tion  and  on  the  tension  and  not  on  the  lever  arm  in  very  small  contractions  or  in 
the  summation  of  such  contractions  and  therefore  for  large  contractions.  In  the 
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first  muscle  a  large  load  is  moved  through  a  short  distance  and  in  the  second  muscle 
a  lighter  load  is  moved  through  a  greater  distance. 

The  amount  of  work  accomplished  by  pinnate  muscles  is  not  dependent  upon 
the  angle  of  insertion  of  the  muscle  fibers  into  the  tendon,  as  will  be  seen  by  the 
following  diagram  Fig.  381. 

T  T  =  direction  of  the  tendon  pull. 
w  a  =  direction  of  muscle  fiber  before  con¬ 
traction. 

mf  =  direction  of  muscle  fiber  after  contrac¬ 
tion. 

v  =  amount  of  contraction. 
m  =  tension  of  the  muscle. 

</>  =  angle  of  insertion  of  muscle  fiber. 
t  =  tendon  component  =  m  X  cos  <t>  = 
the  weight  carried  by  the  tendon 
to  balance  the  muscle  tension. 
d  =  distance  tendon  is  drawn  up. 

(1)  in  X  v  =  work  done  by  the  muscle  fiber. 

(2)  t  X  d  =  work  done  by  the  movement  of 
the  tendon. 

If  we  consider  the  distance  v  as  being  very 
short  then  the  line  b  c  can  be  dealt  with  as 
though  it  were  perpendicular  to  a  c. 


then  v  =  d  X  cos  <t>  or  d  =  — - 

cos  <t> 


since  t  =  m  X  cos  <t>  or  m  = 


t 


t 


COS  <f) 

X  (i  X  cos  <f>  =  t  X  d 


m  X  v  = 

cos  </) 

If  this  is  true  for  very  minute  contractions  it 
is  likewise  true  for  a  series  of  such  contraction 
and  hence  for  larger  contractions. 

If  we  assume  that  =  60°,  m  =  10  kg.  and  r 
=  5  mm.,  the  work  done  by  the  contracting 
muscle  fiber  =  m  v  or  10  X  5  kilogrammilli- 
meters. 

cos  Z  00°  =  hence  t  =  \  m\  and  d  =  ~  =*  2  v;  \  rn  =  5  kg.;  and  2  r  =  10  mm. 

hence  t  d  =  50  kilogrammillimeters  or  the  work  done  by  the  movement  of  the 
tendon  in  lifting  the  load  of  5  kg.  a  distance  of  10  mm.,  and  is  exactly  the  same  as 
that  done  by  the  muscle  fiber.  The  load  on  the  tendon  is  but  one-half  the  tension 
of  the  muscle,  but  the  distance  through  which  the  load  is  lifted  is  twice  that  of  the 
amount  of  shortening  of  the  muscle. 


If  <£  =  41°  20'  then  cos  <t>  =  f 
hence  t  =  f  m  and  d  =  f  v  and  t  d  =  m  v 

In  pinnate  muscles,  then,  we  have  the  rather  unexpected  condition  in  which  the 
same  amount  of  movement  of  the  tendon  can  be  accomplished  with  less  contraction 
of  the  muscle  than  in  muscles  where  the  fibers  have  the  same  direction  as  the  tendon. 

The  Action  of  Muscles  on  Joints. — If  we  consider  now  the  action  of  a  single  muscle 
extending  over  a  single  joint  in  which  one  bone  is  fixed  and  the  other  movable,  we 
will  find  that  muscle  pull  can  be  resolved  into  two  components,  a  turning  com¬ 
ponent  and  a  friction  or  pressure  component  as  shown  in  Fig.  382. 
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D  F  =  the  fixed  bone  from  which  the  muscle  takes  its  origin. 

D  K  =  the  movable  bone. 

01  =  a  line  from  the  middle  of  origin  to  the  middle  of  insertion. 

7  M  =  size  and  direction  of  the  muscle  pull. 

If  the  parallelogram  is  constructed  with  7  t  and  M  6  J_  to  D  K,  then  1 1  =  the 
turning  component  and  7  6  =  the  component  which  acts  against  the  joint. 


The  size  of  the  two  components  depends  upon  the  insertion  angle  0. 
this  angle  the  smaller  the  turning  component,  and  the  nearer  this 
the  larger  the  turning  component. 

/ 1  =  I  A7  X  sin  0 
I  b  =  I  M  X  cos  0 
If  <t>  =  90°  cos  0  =  0,  sine  0  =  1 
hence  7  6  =  0  and  7  t  =  7  m 
If  0  =  0°  cos  0=1,  sine  0  =  0 
hence  7  6  =  1  and  7  t  =  0 


The  smaller 
angle  0  is  to 


With  movements  of  the  bone  D  K  the  angle  of  insertion  is  continually  changing, 
and  hence  the  two  components  are  changing  in  value. 

If,  for  example,  the  distance  from  origin  0  to  the  joint  D  is  greater  than  from 
D  to  7,  as  in  the  Brachialis  or  Biceps  muscles,  the  turning  component  increases  until 
the  insertion  angle  0  =  90°,  which  is  the  optimum  angle  for  muscle  action,  while 
the  pressure  component  gradually  decreases.  If  the  movement  continues  beyond 
this  point  the  turning  component  gradually  decreases  and  the  pressure  component 
changes  into  a  component  which  tends  to  draw  the  two  bones  apart  and  which 
gradually  increases  as  shown  in  Fig.  383. 
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When  the  bone  D  K  is  in  such  a  position  that  the  insertion  angle  <j>  =  41°  20' 
the  pressure  component  =  \  1  m  and  the  turning  component  \  I  m,  at  60°  the  two 
components  are  equal,  at  90°  the  pressure  component  =  0  and  the  turning  com¬ 
ponent  =  I  M  and  at  131°  21'  the  pressure  component  has  been  converted  into  a 
pulling  component  =  \  I  M  and  the  turning  component  =  \  I  M. 


If,  for  example,  the  distance  from  the  origin  0  to  the  joint  D  is  less  than  the  dis¬ 
tance  from  the  insertion  I  to  the  joint  D,  as  in  the  Brachioradialis  muscle,  the 
insertion  angle  increases  with  the  flexion  but  never  reaches  90°.  The  turning 
component  gradually  increases  to  a  certain  point  and  then  slowly  decreases  as  shown 
in  Fig.  384,  while  the  pressure  component  gradually  decreases  and  then  slowly 
increases.  It  always  remains  large  and  its  action  is  always  in  the  direction  of  the 
joint. 


w  w  w 


F  F  F 

1  II  UI 

Fia.  385 


Levers. — The  majority  of  the  muscles  of  the  body  act  on  bones  as  the  power  on 
levers.  Levers  of  the  III  class  are  the  most  common,  as  the  action  of  the  Biceps, 
and  the  Brachialis  muscles  on  the  forearm  bones.  Levers  of  the  I  Class  are  found 
in  movements  of  the  head  where  the  occipito-atlantal  joint  acts  as  the  fulcrum  and 
the  muscles  on  the  back  of  the  neck  as  the  power.  Another  common  example  is 
the  foot  when  one  raises  the  body  by  contracting  the  Gastrocnemius  and  Soleus. 
Here  the  ankle-joint  acts  as  the  fulcrum  and  the  pressure  of  the  toes  on  the  ground 
as  the  weight.  This  is  frequently,  though  wrongly,  considered  a  lever  of  the  II  Class. 
If  one  were  to  stand  on  one’s  head  with  the  legs  up  and  with  a  weight  on  the  plantar 
surface  of  the  toes,  it  is  easy  to  see  that  we  would  have  a  lever  of  the  I  Class  if  the 
weight  were  raised  by  contraction  of  the  Gastrocnemius  muscle.  The  confusion 
has  arisen  by  not  considering  the  fact  that  the  fulcrum  and  the  power  in  all  three 
classes  of  levers  must  have  a  common  basis  of  action,  as  shown  in  Fig.  385. 

If  the  fulcrum  rests  on  the  earth  the  power  must  either  directly  or  indirectly 
push  from  the  earth  or  be  attached  to  the  earth  either  by  gravity  or  otherwise  if  it 
pulls  toward  the  earth.  If  the  power  were  attached  to  the  weight  no  lever  action 
could  be  obtained. 

There  are  no  levers  of  the  II  Class  represented  in  the  body. 
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THE  FASCL£  AND  MUSCLES  OF  THE  HEAD. 

I.  THE  MUSCLE  OF  THE  SCALP. 

Epicranius. 

The  Skin  of  the  Scalp. — This  is  thicker  than  in  any  other  part  of  the  body.  It  is  intimately 
adherent  to  the  superficial  fascia,  which  attaches  it  firmly  to  the  underlying  aponeurosis  and 
muscle.  Movements  of  the  muscle  move  the  skin.  The  hair  follicles  are  very  closely  set  together, 
and  extend  throughout  the  whole  thickness  of  the  skin.  It  also  contains  a  number  of  sebaceous 
glands. 

The  superficial  fascia  in  the  cranial  region  is  a  firm,  dense,  fibro-fatty  layer, 
intimately  adherent  to  the  integument,  and  to  the  Epicranius  and  its  tendinous 
aponeurosis;  it  is  continuous,  behind,  with  the  superficial  fascia  at  the  back  of  the 
neck;  and,  laterally,  is  continued  over  the  temporal  fascia.  It  contains  between 
its  layers  the  superficial  vessels  and  nerves  and  much  granular  fat. 

The  Epicranius  ( Occipitofrontalis )  (Fig.  386)  is  a  broad,  museulofibrous  layer, 
which  covers  the  whole  of  one  side  of  the  vertex  of  the  skull,  from  the  occipital 
bone  to  the  eyebrow.  It  consists  of  two  parts,  the  Occipitalis  and  the  Frontalis, 
connected  by  an  intervening  tendinous  aponeurosis,  the  galea  aponeurotica. 

The  Occipitalis,  thin  and  quadrilateral  in  form,  arises  by  tendinous  fibers  from 
the  lateral  two-thirds  of  the  superior  nuchal  line  of  the  occipital  bone,  and  from 
the  mastoid  part  of  the  temporal.  It  ends  in  the  galea  aponeurotica. 

The  Frontalis  is  thin,  of  a  quadrilateral  form,  and  intimately  adherent  to  the 
superficial  fascia.  It  is  broader  than  the  Occipitalis  and  its  fibers  are  longer  and 
paler  in  color.  It  has  no  bony  attachments.  Its  medial  fibers  are  continuous  with 
those  of  the  Procerus;  its  immediate  fibers  blend  with  the  Corrugator  and  Orbicu¬ 
laris  oculi;  and  its  lateral  fibers  are  also  blended  with  the  latter  muscle  over 
the  zygomatic  process  of  the  frontal  bone.  From  these  attachments  the  fibers 
are  directed  upward,  and  join  the  galea  aponeurotica  below  the  coronal  suture. 
The  medial  margins  of  the  Frontales  are  joined  together  for  some  distance  above 
the  root  of  the  nose;  but  between  the  Occipi tales  there  is  a  considerable,  though 
variable,  interval,  occupied  by  the  galea  aponeurotica. 

The  galea  aponeurotica  ( epicranial  aponeurosis)  covers  the  upper  part  of  the 
cranium;  behind,  it  is  attached,  in  the  interval  between  its  union  with  the  Occipi- 
tales,  to  the  external  occipital  protuberance  and  highest  nuchal  lines  of  the  occipital 
bone;  in  front,  it  forms  a  short  and  narrow  prolongation  between  its  union  with 
the  Frontales.  On  either  side  it  gives  origin  to  the  Auriculares  anterior  and  supe¬ 
rior;  in  this  situation  it  loses  its  aponeurotic  character,  and  is  continued  over  the 
temporal  fascia  to  the  zygomatic  arch  as  a  layer  of  laminated  areolar  tissue.  It 
is  closely  connected  to  the  integument  by  the  firm,  dense,  fibro-fatty  layer  which 
forms  the  superficial  fascia  of  the  scalp:  it  is  attached  to  the  pericranium  by  loose 
cellular  tissue,  which  allows  the  aponeurosis,  carrying  with  it  the  integument  to 
move  through  a  considerable  distance. 

Variations. — Both  Frontalis  and  Occipitalis  vary  considerably  in  size  and  in  extent  of  attach¬ 
ment;  either  may  be  absent;  fusion  of  Frontalis  to  skin  has  been  noted. 

Nerves. — The  Frontalis  is  supplied  by  the  temporal  branches  of  the  facial  nerve,  and  the 
Occipitalis  by  the  posterior  auricular  branch  of  the  same  nerve. 

Actions. — The  Frontales  raise  the  eyebrows  and  the  skin  over  the  root  of  the  nose,  and  at  the 
same  time  draw  the  scalp  forward,  throwing  the  integument  of  the  forehead  into  transverse 
wrinkles.  The  Occipitales  draw  the  scalp  backward.  By  bringing  alternately  into  action  the 
Frontales  and  Occipitales  the  entire  scalp  may  be  moved  forward  and  backward.  In  the  ordinary 
action  of  the  muscles,  the  eyebrows  are  elevated,  and  at  the  same  time  the  aponeurosis  is  fixed 
by  the  Occipitales,  thus  giving  to  the  face  the  expression  of  surprise;  if  the  action  be  exaggerated, 
the  eyebrowB  are  still  further  raised,  and  the  skin  of  the  forehead  thrown  into  transverse  wrinkles, 
as  in  the  expression  of  fright  or  horror. 
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A  thin  muscular  slip,  the  Transversus  nuchae,  is  present  in  a  considerable  pro¬ 
portion  (25  per  cent.)  of  cases;  it  ariaea  from  the  external  occipital  protuberance 
or  from  the  superior  nuchal  line,  either  superficial  or  deep  to  the  Trapezius;  it 
is  frequently  inserted  with  the  Auricularis  posterior,  but  may  join  the  posterior 
edge  of  the  Sternocleidomastoideus. 


'  -  -  v  • 
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Fm  3S6. — Muncies  ot  the  head,  face,  and  neck. 


n.  THE  MUSCLES  OF  THE  EYELIDS. 

The  muscles  of  the  eyelids  are: 

Levator  palpebne  super! oris.  Orbicularis  oculi.  Corrugator. 

The  Levator  palpebne  superioris  is  described  with  the  Anatomy  of  the  Eye. 
The  Orbicularis  oculi  ( Orbicularis  palpebrarum)  (Fig.  387)  arises  from  the  nasal 
part  of  the  frontal  bone,  from  the  frontal  process  of  the  maxilla  in  front  of  the 
lacrimal  groove,  and  from  the  anterior  surface  and  borders  of  a  short  fibrous  band. 
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the  medial  palpebral  ligament.  From  this  origin,  the  fibers  are  directed  lateral- 
ward,  forming  a  broad  and  thin  layer,  which  occupies  the  eyelids  or  palpebne, 
surrounds  the  circumference  of  the  orbit,  and  spreads  over  the  temple,  and  down¬ 
ward  on  the  cheek.  The  palpebral  portion  of  the  muscle  is  thin  and  pale;  it  arises 
from  the  bifurcation  of  the  medial  palpebral  ligament,  forms  a  series  of  concentric 
curves,  and  is  inserted  into  the  lateral  palpebral  raphe.  The  orbital  portion  is  thicker 
and  of  a  reddish  color;  its  fibers  form  a  complete  ellipse  without  interruption  at 
the  lateral  palpebral  commissure;  the  upper  fibers  of  this  portion  blend  with  the 
Frontalis  and  Corrugator.  The  lacrimal  part  (  Tensor  tarsi)  is  a  small,  thin  muscle, 
about  0  mm.  in  breadth  and  12  mm.  in  length,  situated  behind  the  medial  palpebral 
ligament  and  lacrimal  sac  (Fig.  3S7).  It  arises  from  the  posterior  crest  and  adjacent 
part  of  the  orbital  surface  of  the  lacrimal  bone,  and  passing  behind  the  lacrimal 
sue.  divides  into  two  slips,  upper  and  lower,  which  are  inserted  into  the  superior 
and  inferior  tarsi  medial  to  the  puncta  lacrimalia;  occasionally  it  is  very  indistinct. 
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The  medial  palpebral  ligament  (tendo  oca/i),  about  4  mm.  in  length  and  2  mm. 
in  breadth,  is  attached  to  the  frontal  process  of  the  maxilla  in  front  of  the  lacrimal 
groove.  Crossing  the  lacrimal  sac,  it  divides  into  two  parts,  upper  and  lower, 
h  attached  to  the  medial  end  of  the  corresponding  tarsus.  As  the  ligament 
the  lacrimal  sac,  a  strong  aponeurotic  lamina  is  given  off  from  its  posterior 
surface;  this  expands  over  the  sac,  and  is  attached  to  the  posterior  lacrimal  crest. 

The  lateral  palpebral  raphd  is  a  much  weaker  structure  than  the  medial  palpebral 
ligament.  It  is  attached  to  the  margin  of  the  frontosphenoidal  process  of  the 
zygomatic  bone,  and  passes  medialward  to  the  lateral  commissure  of  the  eyelids, 
fthiTt*  it  divides  into  two  slips,  which  are  attached  to  the  margins  of  the  respective 
tarsi. 

The  Corrugator1  (Corrugator  supercilii)  is  a  small,  narrow,  pyramidal  muscle, 
piaml  at  the  medial  end  of  the  eyebrow,  beneath  the  Frontalis  and  Orbicularis 

1  The  corrugator  I9  not  recognised  as  a  separate  muscle  in  the  Basle  Komeuclatufe. 
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oculi.  It  arises  from  the  medial  end  of  the  superciliary  arch;  and  its  fibers  pass 
upward  and  lateralward,  between  the  palpebral  and  orbital  portions  of  the  Orbicu¬ 
laris  oculi,  and  are  inserted  into  the  deep  surface  of  the  skin,  ahove  the  middle  of 
the  orbital  arch. 

Nerves. — The  Orbicularis  oculi  and  Corrugator  are  supplied  by  the  facial  nerve. 

Actions. — The  Orbicularis  oculi  is  the  sphincter  muscle  of  the  eyelids.  The  palpebral  portion 
acts  involuntarily,  closing  the  lids  gently,  as  in  sleep  or  in  blinking;  the  orbital  portion  is  subject 
to  the  will.  When  the  entire  muscle  is  brought  into  action,  the  skin  of  the  forehead,  temple, 
and  cheek  is  drawn  toward  the  medial  angle  of  the  orbit,  and  the  eyelids  are  firmly  closed,  as  in 
photophobia.  The  skin  thus  drawn  upon  i6  thrown  into  folds,  especially  radiating  from  the 
lateral  angle  of  the  eyelids;  these  folds  become  permanent  in  old  age,  and  form  the  so-called 
“crows’  feet.”  The  Levator  palpebr®  superioris  is  the  direct  antagonist  of  this  muscle;  it  raises 
the  upper  eyelid  and  exposes  the  front  of  the  bulb  of  the  eye.  Each  time  the  eyelids  are  closed 
through  the  action  of  the  Orbicularis,  the  medial  palpebral  ligament  is  tightened,  the  wall  of 
the  lacrimal  sac  is  thus  drawn  lateralward  and  forward,  so  that  a  vacuum  is  made  in  it,  and  the 
tears  are  sucked  along  the  lacrimal  canals  into  it.  The  lacrimal  part  of  the  Orbicularis  oculi 
draws  the  eyelids  and  the  ends  of  the  lacrimal  canals  medialward  and  compresses  them  against 
the  surface  of  the  globe  of  the  eye,  thus  placing  them  in  the  most  favorable  situation  for  receiving 
the  tears;  it  also  compresses  the  lacrimal  sac.  The  Corrugator  draws  the  eyebrow  downward 
and  medialward,  producing  the  vertical  wrinkles  of  the  forehead.  It  is  the  “frowning”  muscle, 
and  may  be  regarded  as  the  principal  muscle  in  the  expression  of  suffering. 

m.  THE  MUSCLES  OF  THE  NOSE  (Fig.  386). 

The  muscles  of  the  nose  comprise: 

Procerus.  Depressor  septi. 

Nasalis.  Dilatator  naris  posterior. 

Dilatator  naris  anterior. 

The  Procerus  ( Pyramidalis  nasi )  is  a  small  pyramidal  slip  arising  by  tendinous 
fibers  from  the  fascia  covering  the  lower  part  of  the  nasal  bone  and  upper  part 
of  the  lateral  nasal  cartilage;  it  is  inserted  into  the  skin  over  the  lower  part  of 
the  forehead  between  the  two  eyebrows,  its  fibers  decussating  with  those  of  the 
Frontalis. 

The  Nasalis  (Compressor  naris)  consists  of  two  parts,  transverse  and  alar.  The 
transverse  part  arises  from  the  maxilla,  above  and  lateral  to  the  incisive  fossa; 
its  fibers  proceed  upward  and  medialward,  expanding  into  a  thin  aponeurosis 
which  is  continuous  on  the  bridge  of  the  nose  with  that  of  the  muscle  of  the  oppo¬ 
site  side,  and  with  the  aponeurosis  of  the  Procerus.  The  alar  part  is  attached  by 
one  end  to  the  greater  alar  cartilage,  and  by  the  other  to  the  integument  at  the 
point  of  the  nose. 

The  Depressor  septi  ( Depressor  alee  nasi)  arises  from  the  incisive  fossa  of  the 
maxilla;  its  fibers  ascend  to  be  inserted  into  the  septum  and  back  part  of  the  ala  of 
the  nose.  It  lies  between  the  mucous  membrane  and  muscular  structure  of  the  lip. 

The  Dilatator  naris  posterior  is  placed  partly  beneath  the  Quadratus  labii 
superioris.  It  arises  from  the  margin  of  the  nasal  notch  of  the  maxilla,  and  from  the 
lesser  alar  cartilages,  and  is  inserted  into  the  skin  near  the  margin  of  the  nostril. 

The  Dilatator  naris  anterior  is  a  delicate  fasciculus,  passing  from  the  greater 
alar  cartilage  to  the  integument  near  the  margin  of  the  nostril;  it  is  situated  in 
front  of  the  preceding. 

Variations. — These  muscles  vary  in  size  and  strength  or  may  be  absent. 

Nerves. — All  the  muscles  of  this  group  are  supplied  by  the  facial  nerve. 

Actions. — The  Procerus  draws  down  the  medial  angle  of  the  eyebrows  and  produces  transverse 
wrinkles  over  the  bridge  of  the  nose.  The  two  Dilatatores  enlarge  the  aperture  of  the  nares. 
Their  action  in  ordinary  breathing  is  to  resist  the  tendency  of  the  nostrils  to  close  from  atmos¬ 
pheric  pressure,  but  in  difficult  breathing,  as  well  as  in  some  emotions,  such  as  anger,  they  con¬ 
tract  strongly.  The  Depressor  septi  is  a  direct  antagonist  of  the  other  muscles  of  the  nose,  drawing 
the  ala  of  the  nose  downward,  and  thereby  constricting  the  aperture  of  the  nares.  The  Nasalis 
depresses  the  cartilaginous  part  of  the  nose  and  draws  the  ala  toward  the  septum. 
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IV.  THE  MUSCLES  OF  THE  MOUTH. 

The  muscles  of  the  mouth  are: 

Quadratus  labii  superioris. 

Caninus. 

Zygomaticus. 

Mentalis. 

Risorius. 

The  Quadratus  labii  superioris  is  a  broad  sheet,  the  origin  of  which  extends 
from  the  side  of  the  nose  to  the  zygomatic  bone.  Its  medial  fibers  form  the  angular 
head,  which  arises  by  a  pointed  extremity  from  the  upper  part  of  the  frontal  process 
of  the  maxilla  and  passing  obliquely  downward  and  lateralward  divides  into  two 
slips.  One  of  these  is  inserted  into* the  greater  alar  cartilage  and  skin  of  the  nose; 
the  other  is  prolonged  into  the  lateral  part  of  the  upper  lip,  blending  with  the 
infraorbital  head  and  with  the  Orbicularis  oris.  The  intermediate  portion  or 
infraorbital  head  arises  from  the  lower  margin  of  the  orbit  immediately  above  the 
infraorbital  foramen,  some  of  its  fibers  being  attached  to  the  maxilla,  others  to  the 
zygomatic  bone.  Its  fibers  converge,  to  be  inserted  into  the  muscular  substance 
of  the  upper  lip  between  the  angular  head  and  the  Caninus.  The  lateral  fibers, 
forming  the  zygomatic  head,  arise  from  the  malar  surface  of  the  zygomatic  bone 
immediately  behind  the  zygomaticomaxillary  suture  and  pass  downward  and 
medialward  to  the  upper  lip. 

The  Caninus  {Levator  anguli  oris)  arises  from  the  canine  fossa,  immediately 
below  the  infraorbital  foramen;  its  fibers  are  inserted  into  the  angle  of  the  mouth, 
intermingling  with  those  of  the  Zygomaticus,  Triangularis,  and  Orbicularis  oris. 

The  Zygomaticus  {Zygomaticus  major)  arises  from  the  zygomatic  bone,  in  front 
of  the  zygomaticotemporal  suture,  and  descending  obliquely  with  a  medial  inclina¬ 
tion,  is  inserted  into  the  angle  of  the  mouth,  where  it  blends  with  the  fibers  of  the 
Caninus,  Orbicularis  oris,  and  Triangularis. 

Nerves. — This  group  of  muscles  is  supplied  by  the  facial  nerve. 

Actions. — The  Quadratus  labii  superioris  is  the  proper  elevator  of  the  upper  lip,  carrying  it 
at  the  same  time  a  little  forward.  Its  angular  head  acts  as  a  dilator  of  the  naris;  the  infraorbital 
and  zygomatic  heads  assist  in  forming  the  nasolabial  furrow,  which  passes  from  the  side  of  the 
nose  to  the  upper  lip  and  gives  to  the  face  an  expression  of  sadness.  When  the  whole  muscle 
is  in  action  it  gives  to  the  countenance  an  expression  of  contempt  and  disdain.  The  Quad¬ 
ratus  labii  superioris  raises  the  angle  of  the  mouth  and  assists  the  Caninus  in  producing  the 
nasolabial  furrow.  The  Zygomaticus  draws  the  angle  of  the  mouth  backward  and  upward,  as 
in  laughing. 

The  Mentalis  {Levaior  menti)  is  a  small  conical  fasciculus,  situated  at  the  side 
of  the  frenulum  of  the  lower  lip.  It  arises  from  the  incisive  fossa  of  the  mandible, 
and  descends  to  be  inserted  into  the  integument  of  the  chin. 

The  Quadratus  labii  inferioris  {Depressor  labii  inferioris;  Quadratus  menti)  is 
a  small  quadrilateral  muscle.  It  arises  from  the  oblique  line  of  the  mandible, 
between  the  symphysis  and  the  mental  foramen,  and  passes  upward  and  medial- 
ward,  to  be  inserted  into  the  integument  of  the  lower  lip,  its  fibers  blending  with 
the  Orbicularis  oris,  and  with  those  of  its  fellow  of  the  opposite  side.  At  its  origin 
it  is  continuous  with  the  fibers  of  the  Platysma.  Much  yellow  fat  is  intermingled 
with  the  fibers  of  this  muscle. 

The  Triangularis  {Depressor  anguli  oris)  arises  from  the  oblique  line  of  the 
mandible,  whence  its  fibers  converge,  to  be  inserted ,  by  a  narrow  fasciculus,  into 
the  angle  of  the  mouth.  At  its  origin  it  is  continuous  with  the  Platysma,  and  at 
its  insertion  with  the  Orbicularis  oris  and  Risorius;  some  of  its  fibers  are  directly 
continuous  with  those  of  the  Caninus,  and  others  are  occasionally  found  crossing 
from  the  muscle  of  one  side  to  that  of  the  other;  these  latter  fibers  constitute 
the  Transversus  menti. 


Quadratus  labii  inferioris. 
Triangularis. 

Buccinator. 

Orbicularis  oris. 
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fibers  converge  toward  the  angle  of  the  mouth,  where  the  central  fibers  intersect 
each  other,  those  from  below  being  continuous  writh  the  upper  segment  of  the 
Orbicularis  oris,  and  those  from  above  with  the  lower  segment;  the  upper  and  lower 
fibers  are  continued  forward  into  the  corresponding  lip  without  decussation. 

Relations. — The  Buccinator  is  covered  by  the  buccopharyngeal  fascia,  and  is  in  relation  by 
its  superficial  surface,  behind,  with  a  large  mass  of  fat,  which  separates  it  from  the  ramus  of  the 
mandible,  the  Masseter,  and  a  small  portion  of  the  Temporalis;  this  fat  has  been  named  the 
suctorial  pad,  because  it  is  supposed  to  assist  in  the  act  of  sucking.  The  parotid  duct  pierces  the 
Buccinator  opposite  the  second  molar  tooth  of  the  maxilla.  The  deep  surface  is  in  relation  with 
the  buccal  glands  and  mucous  membrane  of  the  mouth. 

The  pterygomandibular  raphd  (pterygomandibular  ligament)  is  a  tendinous  band 
of  the  buccopharyngeal  fascia,  attached  by  one  extremity  to  the  hamulus  of  the 
medial  pterygoid  plate,  and  by  the  other  to  the  posterior  end  of  the  mylohyoid 
line  of  the  mandible.  Its  medial  surface  is  covered  by  the  mucous  membrane  of 
the  mouth.  Its  UUeral  surface  is  separated  from  the  ramus  of  the  mandible  by  a 
quantity  of  adipose  tissue.  Its  posterior  border  gives  attachment  to  the  Constrictor 
pharyngis  superior;  its  anterior  border ,  to  part  of  the  Buccinator  (Fig.  388). 


The  Orbicularis  oris  (Fig.  389)  is  not  a  simple  sphincter  muscle  like  the  Orbic¬ 
ularis  oculi;  it  consists  of  numerous  strata  of  muscular  fibers  surrounding  the 
orifice  of  the  mouth  but  having  different  direction.  It  consists  partly  of  fibers 
derived  from  the  other  facial  muscles  which  are  inserted  into  the  lips,  and  partly 
of  fibers  proper  to  the  lips.  Of  the  former,  a  considerable  number  are  derived  from 
the  Buccinator  and  form  the  deeper  stratum  of  the  Orbicularis.  Some  of  the 
Buccinator  fibers — namely,  those  near  the  middle  of  the  muscle — decussate  at 
the  angle  of  the  mouth,  those  arising  from  the  maxilla  passing  to  the  lower  lip, 
and  those  from  the  mandible  to  the  upper  lip.  The  uppermost  and  lowermost 
fibers  of  the  Buccinator  pass  across  the  lips  from  side  to  side  without  decussation. 
Superficial  to  this  stratum  is  a  second,  formed  on  either  side  by  the  Caninus  and 
Triangularis,  which  cross  each  other  at  the  angle  of  the  mouth;  those  from  the 
Caninus  passing  to  the  lower  lip,  and  those  from  the  Triangularis  to  the  upper  lip, 
along  which  they  run,  to  be  inserted  into  the  skin  near  the  median  line.  In  addi¬ 
tion  to  these  there  are  fibers  from  the  Quadratus  labii  superioris,  the  Zygomaticus, 
and  the  Quadratus  labii  inferioris;  these  intermingle  with  the  transverse  fibers 
above  described,  and  have  principally  an  oblique  direction.  The  proper  fibers 
of  the  lips  are  oblique,  and  pass  from  the  under  surface  of  the  skin  to  the  mucous 
membrane,  through  the  thickness  of  the  lip.  Finally  there  are  fibers  by  which  the 
muscle  is  connected  with  the  maxillse  and  the  septum  of  the  nose  above  and  with 
the  mandible  below.  In  the  upper  lip  these  consist  of  two  bands,  lateral  and  medial, 
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on  either  side  of  the  middle  line;  the  lateral  band  (m.  indsivus  labii  superioris) 
arises  from  the  alveolar  border  of  the  maxilla,  opposite  the  lateral  incisor  tooth, 
and  arching  lateralward  is  continuous  with  the  other  muscles  at  the  angle  of  the 
mouth;  the  medial  band  (ra.  nasolabialis)  connects  the  upper  lip  to  the  back  of  the 
septum  of  the  nose.  The  interval  between  the  two  medial  bands  corresponds 
with  the  depression,  called  the  philtrum,  seen  on  the  lip  beneath  the  septum  of  the 
nose.  The  additional  fibers  for  the  lower  lip  constitute  a  slip  (m.  indsivus  labii 
inferioris)  on  either  side  of  the  middle  line;  this  arises  from  the  mandible,  lateral 
to  the  Mentalis,  and  intermingles  with  the  other  muscles  at  the  angle  of  the 
mouth. 

The  Risorius  arises  in  the  fascia  over  the  Masseter  and,  passing  horizontally 
forward,  superficial  to  the  Platysma,  is  inserted  into  the  skin  at  the  angle  of  the 
mouth  (Fig.  386).  It  is  a  narrow  bundle  of  fibers,  broadest  at  its  origin,  but  varies 
much  in  its  size  and  form. 

Variations. — The  zygomatic  head  of  the  Quadratus  labii  superioris  and  Risorius  are  frequently 
absent  and  more  rarely  the  Zygomaticus.  The  Zygomaticus  and  Risorius  may  be  doubled  or  the 
latter  greatly  enlarged  or  blended  with  the  Platysma. 

Nerves. — The  muscles  in  this  group  are  all  supplied  by  the  facial  nerve. 

Actions. — The  Orbicularis  oris  in  its  ordinary  action  effects  the  direct  closure  of  the  lips;  by 
its  deep  fibers,  assisted  by  the  oblique  ones,  it  closely  applies  the  lips  to  the  alveolar  arch.  The 
superficial  part,  consisting  principally  of  the  decussating  fibers,  brings  the  lips  together  and  also 
protrudes  them  forward.  The  Buccinators  compress  the  cheeks,  so  that,  during  the  process  of 
mastication,  the  food  is  kept  under  the  immediate  pressure  of  the  teeth.  When  the  cheeks  have 
been  previously  distended  with  air,  the  Buccinator  muscles  expel  it  from  between  the  lips,  as  in 
blowing  a  trumpet;  hence  the  name  (buccina,  a  trumpet).  The  Risorius  retracts  the  angle  of 
the  mouth,  and  produces  an  unpleasant  grinning  expression. 

For  more  extensive  consideration  of  the  facial  muscles,  see  Charles  Darwin, 
Expression  of  the  Emotions  in  Man  and  Animals . 

IV.  THE  MUSCLES  OF  MASTICATION. 

The  chief  muscles  of  mastication  are: 

Masseter.  Pterygoideus  externus. 

Temporalis.  Pterygoideus  internus. 

Parotideomasseteric  Fascia  (masseteric  fasda). — Covering  the  Masseter,  and  firmly 
connected  with  it,  is  a  strong  layer  of  fascia  derived  from  the  deep  cervical  fascia. 
Above,  this  fascia  is  attached  to  the  lower  border  of  the  zygomatic  arch,  and  behind, 
it  invests  the  parotid  gland. 

The  Masseter  (Fig.  386)  is  a  thick,  somewhat  quadrilateral  muscle,  consisting 
of  two  portions,  superficial  and  deep.  The  superficial  portion,  the  larger,  arises 
by  a  thick,  tendinous  aponeurosis  from  the  zygomatic  process  of  the  maxilla,  and 
from  the  anterior  two-thirds  of  the  lower  border  of  the  zygomatic  arch:  its  fibers 
pass  downward  and  backward,  to  be  inserted  into  the  angle  and  lower  half  of  the 
lateral  surface  of  the  ramus  of  the  mandible.  The  deep  portion  is  much  smaller, 
and  more  muscular  in  texture;  it  arises  from  the  posterior  third  of  the  lower  border 
and  from  the  whole  of  the  medial  surface  of  the  zygomatic  arch;  its  fibers  pass 
downward  and  forward,  to  be  inserted  into  the  upper  half  of  the  ramus  and  the 
lateral  surface  of  the  coronoid  process  of  the  mandible.  The  deep  portion  of  the 
muscle  is  partly  concealed,  in  front,  by  the  superficial  portion;  behind,  it  is  covered 
by  the  parotid  gland.  The  fibers  of  the  two  portions  are  continuous  at  their 
insertion. 

Temporal  Fascia. — The  temporal  fascia  covers  the  Temporalis  muscle.  It  is  a 
strong,  fibrous  investment,  covered,  laterally,  by  the  Auricularis  anterior  and  supe- 
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rior,  by  the  galea  aponeurotica,  and  by  part  of  the  Orbicularis  oculi.  The  super¬ 
ficial  temporal  vessels  and  the  auriculotemporal  nerve  cross  it  from  below  upward. 
Abate,  it  is  a  single  layer,  attached  to  the  entire  extent  of  the  superior  temporal 
line;  but  below /where  it  is  fixed  to  the  zygomatic  arch,  it  consists  of  two  layers,  one 
of  which  is  inserted  into  the  lateral,  and  the  other  into  the  medial  border  of  the 
arch.  A  small  quantity  of  fat,  the  orbital  branch  of  the  superficial  temporal  artery, 
and  a  filament  from  the  zygomatic  branch  of  the  maxillary  nerve,  are  contained 
between  these  two  layers.  It  affords  attachment  by  its  deep  surface  to  the  super¬ 
ficial  fibers  of  the  Temporalis. 


Fig.  390. — The  Temporalis;  the  *ygomatic  arch  ami  Xlasseter  imv<*  been  removed. 


The  Temporalis  {Temporal  muscle)  (Fig.  390)  is  a  broad,  radiating  muscle, 
situated  at  the  side  of  the  head.  It  arises  from  the  whole  of  the  temporal  fossa 
{except  that  portion  of  it  which  is  formed  by  the  zygomatic  bone)  and  from 
the  deep  surface  of  the  temporal  fascia.  Its  fibers  converge  as  they  descend, 
and  end  in  a  tendon,  which  passes  deep  to  the  zygomatic  arch  and  is  inserted  into 
the  medial  surface,  apex,  and  anterior  border  of  the  coronoid  process,  and  the 
anterior  border  of  the  ramus  of  the  mandible  nearly  as  far  forward  as  the  last 
molar  tooth. 

The  Pterygoideos  extemus  {External  pterygoid  muscle)  (Fig,  391)  is  a  short,  thick 
muscle,  somewhat  conical  in  form,  which  extends  almost  horizontally  between  the 
infratemporal  fossa  and  the  condyle  of  the  mandible.  It  arises  bv  two  heads; 
an  upper  from  the  lower  part  of  the  lateral  surface  of  the  great  wing  of  the  sphenoid 
and  from  the  infratemporal  crest;  a  lower  front  the  lateral  surface  of  the  lateral 
pterygoid  plate.  Its  fibers  pass  horizontally  backward  arid  lateral  ward,  to  be 
inserted  into  a  depression  in  front  of  the  neck  of  the  condyle  of  the  mandible, 
and  into  the  front  margin  of  the  articular  disk  of  the  temporomandibular  articu¬ 
lation. 

The  Pterygoideus  interims  (Internal  pterygoid  muscle)  (Fig.  391)  is  a  thick,  quad¬ 
rilateral  muscle.  It  arises  from  the  medial  surface  of  the  lateral  pterygoid  plate 
and  the  grooved  surface  of  the  pyramidal  process  of  the  palatine  bone;  it  has  a 
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second  slip  of  origin  from  the  lateral  surfaces  of  the  pyramidal  process  of  the  pala¬ 
tine  and  tuberosity  of  the  maxilla.  Its  fibers  pass  downward,  laterahvard,  and 
backward,  and  are  inserted ,  by  a  strong  tendinous  lamina,  into  the  lower  and  hack 
part  of  the  medial  surface  of  the  ramus  and  angle  of  the  mandible,  as  high  as  the 
mandibular  foramen. 


,'+at  \Ytnqt 
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Fio.  $>£, — The  Pjerygoidei;  the  sygotnatic  arch  and  3  portion  of  the  ramus  of  the  mandible  have  been  removed. 


Nerves, — -The  muscles  of  mastication  are  supplied  by  the  mandibular  nerve. 

Actions. — The  Temporalis,  Maaseter,  and  Pterygoideua  intemus  raise  the  mandible  against 
the  maxillae  with  great  force.  The  Pterygoideus  externus  assists  in  opening  the  mouth,  but  its 
main  action  is  to  draw  forward  the  condyle  and  articular  disk  so  that  the  mandible  is  protruded 
and  the  inferior  incisors  projected  in  front  of  the  upper;  in  this  action  it  is  assisted  by  the  Ptery¬ 
goideus  interims.  The  mandible  is  retracted  by  the  posterior  libers  of  the  Temporalis.  If  the 
Pterygoidei  intern  us  and  ext  emus  of  one  side  act,  the  corresponding  side  of  the  mandible  is 
drawn  forward  while  the  opposite  condyle  remains  comparatively  fixed,  and  eide-to-side  move¬ 
ments,  such  as  occur  during  the  trituration  of  food,  take  place. 


THE  FASCL3E  AND  MUSCLES  OF  THE  ANTERO-LATERAL  REGION 

OF  THE  NECK. 

The  anterolateral  muscles  of  the  neck  may  be  arranged  into  the  following 
groups : 

I.  Superficial  Cervical 

II.  Lateral  Cervical. 

III.  Suprahyoid. 


IV.  Infrahyoid. 

V.  Anterior  Vertebra! 

VI.  Lateral  Vertebral, 


I.  THE  SUPERFICIAL  CERVICAL  MUSCLE 


Platysma. 

The  Superficial  Fascia  of  the  neck  is  a  thin  lamina  investing  the  Platysma, 
and  is  hardly  demonstrable  as  a  separate  membrane. 

The  Platysma  (Fig.  380)  is  a  broad  sheet  arising  from  the  fascia  covering  the 
upper  parts  of  the  Pectoralis  major  and  Dehoideus;  its  fibers  cross  the  clavicle, 
and  proceed  obliquely  upward  and  medialward  along  the  side  of  the  neck.  The 
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anterior  fibers  interlace,  below  and  behind  the  symphysis  menti,  with  the  fibers 
of  the  muscle  of  the  opposite  side;  the  posterior  fibers  cross  the  mandible,  some 
being  inserted  into  the  bone  below  the  oblique  line,  others  into  the  skin  and  sub¬ 
cutaneous  tissue  of  the  lower  part  of  the  face,  many  of  these  fibers  blending  with 
the  muscles  about  the  angle  and  lower  part  of  the  mouth.  Sometimes  fibers  can 
be  traced  to  the  Zygomaticus,  or  to  the  margin  of  the  Orbicularis  oculi.  Beneath 
the  Platysma,  the  external  jugular  vein  descends  from  the  angle  of  the  mandible 
to  the  clavicle. 

Variations  occur  in  the  extension  over  the  face  and  over  the  clavicle  and  shoulder;  it  may 
be  absent  or  interdigitate  with  the  muscle  of  the  opposite  side  in  front  of  the  neck;  attachment 
to  clavicle,  mastoid  process  or  occipital  bone  occurs.  A  more  or  less  independent  fasciculus,  the 
Occipitalis  minor,  may  extend  from  the  fascia  over  the  Trapezius  to  fascia  over  the  insertion  of 
the  Sternocleidomastoideus. 

Nerve. — The  Platysma  is  supplied  by  the  cervical  branch  of  the  facial  nerve. 

Actions. — When  the  entire  Platysma  is  in  action  it  produces  a  slight  wrinkling  of  the  surface 
of  the  skin  of  the  neck  in  an  oblique  direction.  Its  anterior  portion,  the  thickest  part  of  the 
muscle,  depresses  the  lower  jaw;  it  also  serves  to  draw  down  the  lower  lip  and  angle  of  the  mouth 
in  the  expression  of  melancholy. 


E.  THE  LATERAL  CERVICAL  MUSCLES. 

The  lateral  muscles  are: 

Trapezius  and  Sternocleidomastoideus. 

The  Trapezius  is  described  on  page  433. 

The  Fascia  Colli  (deep  cervical  fascia)  (Fig.  392). — The  fascia  colli  lies  under  cover 
of  the  Platysma,  and  invests  the  neck;  it  also  forms  sheaths  for  the  carotid  vessels, 
and  for  the  structures  situated  in  front  of  the  vertebral  column. 

The  investing  portion  of  the  fascia  is  attached  behind  to  the  ligamentum  nuchse 
and  to  the  spinous  process  of  the  seventh  cervical  vertebra.  It  forms  a  thin  in¬ 
vestment  to  the  Trapezius,  and  at  the  anterior  border  of  this  muscle  is  continued 
forward  as  a  rather  loose  areolar  layer,  covering  the  posterior  triangle  of  the  neck, 
to  the  posterior  border  of  the  Sternocleidomastoideus,  where  it  begins  to  assume 
the  appearance  of  a  fascial  membrane.  Along  the  hinder  edge  of  the  Sterno- 
deidomastoideus  it  divides  to  enclose  the  muscle,  and  at  the  anterior  margin  again 
forms  a  single  lamella,  which  covers  the  anterior  triangle  of  the  neck,  and  reaches 
forward  to  the  middle  line,  where  it  is  continuous  with  the  corresponding  part  from 
the  opposite  side  of  the  neck.  In  the  middle  line  of  the  neck  it  is  attached  to  the 
symphysis  menti  and  the  body  of  the  hyoid  bone. 

Above,  the  fascia  is  attached  to  the  superior  nuchal  line  of  the  occipital,  to  the 
mastoid  process  of  the  temporal,  and  to  the  whole  length  of  the  inferior  border 
of  the  body  of  the  mandible.  Opposite  the  angle  of  the  mandible  the  fascia  is  very 
strong,  and  binds  the  anterior  edge  of  the  Sternocleidomastoideus  firmly  to  that 
bone.  Between  the  mandible  and  the  mastoid  process  it  ensheathes  the  parotid 
gland — the  layer  which  covers  the  gland  extends  upward  under  the  name  of  the 
parotideomasseteric  fascia  and  is  fixed  to  the  zygomatic  arch.  From  the  part  which 
passes  under  the  parotid  gland  a  strong  band  extends  upward  to  the  styloid  process, 
forming  the  stylomandibular  ligament.  Two  other  bands  may  be  defined:  the 
sphenomandibular  (page  298)  and  the  pterygospinous  ligaments.  The  pterygospinous 
ligament  stretches  from  the  upper  part  of  the  posterior  border  of  the  lateral 
pterygoid  plate  to  the  spinous  process  of  the  sphenoid.  It  occasionally  ossifies, 
and  in  such  cases,  between  its  upper  border  and  the  base  of  the  skull,  a  foramen 
b  formed  which  transmits  the  branches  of  the  mandibular  nerve  to  the  muscles  of 
mastication. 


MYOLOGY 


Below,  the  fascia  is  attached  to  the  acromion,  the  clavicle,  and  the  manubrium 
sterni.  Some  little  distance  above  the  last  it  splits  into  two  layers,  superficial 
and  deep.  The  former  is  attached  to  the  anterior  border  of  the  manubrium,  the 
latter  to  its  posterior  border  and  to  the  interclavicular  ligament.  Between  these 
two  layers  is  a  slit-like  interval,  the  suprasternal  space  (space  of  Bums) ;  it  contains 
a  small  quantity  of  areolar  tissue,  the  lower  portions  of  the  anterior  jugular  veins 
and  their  transverse  connecting  branch,  the  sternal  heads  of  the  Sternocleido- 
mastoidei,  and  sometimes  a  lymph  gland. 
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-Section  of  the  neck  at  about  the  level  of  the  sixth  cervical  vertebra.  Showing  the  arrangement  of  the 

faaeia  coli. 


The  fascia  which  lines  the  deep  surface  of  the  Sternocleidomastoideus  gives  off 
the  following  processes:  (1)  A  process  envelops  the  tendon  at  the  Qmohyoideus, 
and  binds  it  down  to  the  sternum  and  first  costal  cartilage.  (2)  A  strong  sheath, 
the  carotid  sheath,  encloses  the  carotid  artery,  internal  jugular  vein,  and  vagus 
nerve.  (3)  The  prevertebrai  fascia  extends  inedialward  behind  the  carotid  vessels, 
where  it  assists  in  forming  their  sheath,  and  passes  in  front  of  the  prevertebrai 
muscles.  It  forms  the  posterior  limit  of  a  fibrous  compartment,  which  contains 
the  larynx  and  trachea,  the  thyroid  gland,  and  the  pharynx  and  esophagus.  The 
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prevertebral  fascia  is  fixed  above  to  the  base  of  the  skull,  and  below  is  continued 
into  the  thorax  in  front  of  the  Longus  colli  muscles.  Parallel  to  the  carotid  sheath 
and  along  its  medial  aspect  the  prevertebral  fascia  gives  off  a  thin  lamina,  the 
buccopharyngeal  fascia,  which  closely  invests  the  Constrictor  muscles  of  the  pharynx, 
and  is  continued  forward  from  the  Constrictor  pharyngis  superior  on  to  the  Buc¬ 
cinator.  It  is  attached  to  the  prevertebral  layer  by  loose  connective  tissue  only, 
and  thus  an  easily  distended  space,  the  retropharyngeal  space,  is  found  between 
them.  This  space  is  limited  above  by  the  base  of  the  skull,  while  below  it  extends 
behind  the  esophagus  into  the  posterior  mediastinal  cavity  of  the  thorax.  The  pre¬ 
vertebral  fascia  is  prolonged  downward  and  Iateralward  behind  the  carotid  vessels 
and  in  front  of  the  Scaleni,  and  forms  a  sheath  for  the  brachial  nerves  and  sub¬ 
clavian  vessels  in  the  posterior  triangle  of  the  neck;  it  is  continued  under  the  clavicle 
as  the  axillary  sheath  and  is  attached  to  the  deep  surface  of  the  coracoclavicular 
fascia.  Immediately  above  and  behind  the  clavicle  an  areolar  space  exists  between 
the  investing  layer  and  the  sheath  of  the  subclavian  vessels,  and  in  this  space  are 
found  the  lower  part  of  the  external  jugular  vein,  the  descending  clavicular  nerves, 
the  transverse  scapular  and  transverse  cervical  vessels,  and  the  inferior  belly  of  the 
Omohvoideus  muscle.  This  space  is  limited  below  by  the  fusion  of  the  coraco¬ 
clavicular  fascia  with  the  anterior  wall  of  the  axillary  sheath.  (4)  The  pretrachial 
fascia  extends  medially  in  front  of  the  carotid  vessels,  and  assists  in  forming  the 
carotid  sheath.  It  is  continued  behind  the  depressor  muscles  of  the  hyoid  bone, 
and,  after  enveloping  the  thyroid  gland,  is  prolonged  in  front  of  the  trachea  to 
meet  the  corresponding  layer  of  the  opposite  side.  Above,  it  is  fixed  to  the  hyoid 
bone,  while  below  it  is  carried  downward  in  front  of  the  trachea  and  large  vessels 
at  the  root  of  the  neck,  and  ultimately  blends  with  the  fibrous  pericardium.  This 
layer  is  fused  on  either  side  with  the  prevertebral  fascia,  and  with  it  completes  the 
compartment  containing  the  larynx  and  trachea,  the  thyroid  gland,  and  the  pharynx 
and  esophagus.1 

The  Stemocleidomastoideus  (Sternomastoid  muscle)  (Fig.  393)  passes  obliquely 
across  the  side  of  the  neck.  It  is  thick  and  narrow  at  its  central  part,  but  broader 
and  thinner  at  either  end.  It  arises  from  the  sternum  and  clavicle  by  two  heads. 
The  medial  or  sternal  head  is  a  rounded  fasciculus,  tendinous  in  front,  fleshy  behind, 
which  arises  from  the  upper  part  of  the  anterior  surface  of  the  manubrium  sterni, 
and  is  directed  upward,  Iateralward,  and  backward.  The  lateral  or  clavicular  head, 
composed  of  fleshy  and  aponeurotic  fibers,  arises  from  the  superior  border  and 
anterior  surface  of  the  medial  third  of  the  clavicle;  it  is  directed  almost  vertically 
upward.  The  two  heads  are  separated  from  one  another  at  their  origins  by  a 
triangular  interval,  but  gradually  blend,  below  the  middle  of  the  neck,  into  a  thick, 
rounded  muscle  which  is  inserted,  by  a  strong  tendon,  into  the  lateral  surface  of 
the  mastoid  process,  from  its  apex  to  its  superior  border,  and  by  a  thin  aponeurosis 
into  the  lateral  half  of  the  superior  nuchal  line  of  the  occipital  bone. 

Variations. — The  Stemocleidomastoideus  varies  much  in  the  extent  of  its  origin  from  the  clavicle: 
in  some  cases  the  clavicular  head  may  be  as  narrow  as  the  sternal ;  in  others  it  may  be  as  much 
as  7.5  cm.  in  breadth.  When  the  clavicular  origin  is  broad,  it  is  occasionally  subdivided  into 
several  slips,  separated  by  narrow  intervals.  More  rarely,  the  adjoining  margins  of  the  Stemo- 
cleidomastoideus  and  Trapezius  have  been  found  in  contact.  The  Supraclavicularis  muscle  arises 
from  the  manubrium  behind  the  Stemocleidomastoideus  and  passes  behind  the  Steraocleido- 
mastoideus  to  the  upper  surface  of  the  clavicle. 

Triangles  of  the  Neck. — This  muscle  divides  the  quadrilateral  area  of  the  side  of  the  neck 
into  two  triangles,  an  anterior  and  a  posterior.  The  boundaries  of  the  anterior  triangle  are,  in 
front,  the  median  line  of  the  neck;  above ,  the  lower  border  of  the  body  of  the  mandible,  and  an 
imaginary  line  drawn  from  the  angle  of  the  mandible  to  the  Stemocleidomastoideus;  behind , 
the  anterior  border  of  the  Stemocleidomastoideus.  The  apex  of  the  triangle  is  at  the  upper 


,  1  F.  G.  Parsons  (Journal  of  Anatomy  and  Physiology,  vol.  xliv)  regards  the  carotid  sheath  and  the  fascial  planes 
the  neck  as  structures  which  are  artificially  produced  by  dissection. 
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border  of  the  sternum.  The  boundaries  of  the  posterior  triangle  are,  in  front,  the  posterior  border 
of  the  Stemoeleidornastoideus;  bdou\  the  middle  third  of  the  clavicle;  behind .  the  anterior  margin 
of  the  Trapezius.  The  apex  corresponds  with  the  meeting  of  the  Stemocleidoinastoideus  and 
Trapezius  on  the  occipital  bone.  The  anatomy  of  these  triangles  will  be  more  fully  described 
with  that  of  the  vessels  of  the  neck  (p.  1315). 

Nerves. 


The  Stemodeidomastoideus  is  supplied  by  the  accessory  nerve  and  branches  from 
the  anterior  divisions  of  the  second  and  third  cervical  nerves. 

Actions. — When  only  one  Stemodeidomastoideus  acts,  it  draws  the  head  toward  the  shoulder 
of  the  same  side,  assisted  by  the  Spleniu3  and  the  Obliquus  capitis  inferior  of  the  opposite  side. 
At  the  same  time  it  rotates  the  head  so  as  to  carry  the  face  toward  the  opposite  side.  Acting 
together  from  their  sternoclavicular  attachments  the  muscles  will  flex  the  cervical  part  of  the 
vertebral  column.  If  the  head  be  fixed,  the  two  muscles  assist  in  elevating  the  thorax  in  forced 
inspiration. 


\  •  Wv! 
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m.  THE  SUPRAHYOID  MUSCLES  (Figs.  393,  394). 

The  suprahyoid  muscles  are: 

Digastrieus.  Mylohyoideus. 

Stylohyoideus,  Geniohyoideus. 

The  Digastrieus  {Digastric  muscle)  consists  of  two  fleshy  bellies  united  bv  an 
intermediate  rounded  tendon.  It  lies  below  the  body  of  the  mandible,  and  extends, 
in  a  curved  form,  from  the  mastoid  process  to  the  symphysis  xnenti.  The  posterior 
belly,  longer  than  the  anterior,  arises  from  the  mastoid  notch  of  the  temporal 
bone  and  passes  downward  and  forward .  The  anterior  belly  arises  from  a  depression 
on  the  inner  side  of  the  lower  border  of  the  mandible,  close  to  the  symphysis,  and 
passes  downward  and  backward.  The  two  bellies  end  in  an  intermediate  tendon 
which  perforates  the  Stylohyoideus  muscle,  and  is  held  in  connection  with  the  side 
of  the  body  and  the  greater  cornu  of  the  hyoid  bone  by  a  fibrous  loop,  which  is 
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sometimes  lined  by  a  mucous  sheath.  A  broad  aponeurotic  layer  is  given  off 
from  the  tendon  of  the  Digastricus  on  either  side,  to  be  attached  to  the  body 
and  greater  cornu  of  the  hyoid  bone;  this  is  termed  the  suprahyoid  aponeurosis. 

Variations  are*  numerous.  The  posterior  belly  may  arise  partly  or  entirely  from  the  styloid 
process,  or  bo  connected  by  a  slip  to  the  middle  or  inferior  constrictor;  the  anterior  belly  may 
be  double  or  extra  slips  from  this  belly  may  pass  to  the  jaw  or  Mylohvoidevis  or  decussate  with 
a  similar  slip  on  opposite  side;  anterior  belljf  may  be  absent  and  posterior  belly  inserted  into  the 
middle  of  the  jaw  or  hyoid  bone.  The  tendon  may  pass  in  front,  more  rarely  behind  the  Stylo- 
hoidetis.  The  Mettfohyoitleus  muscle  passes  from  the  body  of  hyoid  bone  to  chin. 

The  Digastricus  divides  the  anterior  triangle  of  the  neck  into  three  smaller  triangle  (1)  the 
iubmaxillaxy  triangle,  bounded  above  by  the  lower  border  of  the  body  of  the  mandible,  and 
&  iiae  drawn  from  its  angle  to  the  Stemocleidomastoideus,  below  by  the  posterior  belly  of  the 
Digastricus  and  the  Stylohyoideus,  in  front  by  the  anterior  belly  of  the  Digastricus;  (2)  the 
urotid  triangle,  bounded  above  by  the  posterior  belly  of  the  Digastricus  and  Stylohyoideus, 
behiod  by  the  Sternocleidomastoideus,  below  by  the  Ornohyoideus;  (3)  the  suprahyoid  or  sub- 
mental  triangle,  bounded  laterally  by  the  anterior  belly  of  the  Digastricus,  medially  by  the 
middle  line  of  the  neck  from  the  hyoid  bone  to  the  symphysis  menti,  and  interiorly  by  the  body 
of  the  hvoid  bone*. 


-Muscles  of  the  neck. 


Anterior  view. 


The  Stylohyoideus  ( Stylohyoid  muscle)  is  a  slender  muscle,  lying  in  front  of,  and 
above,  the  posterior  belly  of  the  Digastricus.  It  arises  from  the  back  and  lateral 
surface  of  the  styloid  process,  near  the  base;  and,  passing  downward  arid  forward, 
is  inserted  into  the  body  of  the  hyoid  bone,  at  its  junction  with  the  greater  cornu, 
aad  just  above  the  Omohvoideus.  It  is  perforated,  near  its  insertion,  by  the  tendon 
of  the  Digastricus. 

Variations. — It  may  t>e  absent  or  doubled,  lie  beneath  the  carotid  artery,  or  be  inserted  into 
the  Ornohyoideus,  Thyreohyoideus,  or  Mylohvoideus. 

The  Stylohyoid  Ligament  (ligamentum  stylohyoideus).— In  connection  with  the 
Stylohyoideus  muscle  a  ligamentous  band,  the  stylohyoid  ligament,  may  be 
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described.  It  is  a  fibrous  cord,  which  is  attached  to  the  tip  of  the  styloid  process 
of  the  temporal  and  the  lesser  cornu  of  the  hyoid  bone.  It  frequently  contains  a 
little  cartilage  in  its  center,  is  often  partially  ossified,  and  in  many  animals  forms 
a  distinct  bone,  the  epihyal. 

The  Mylohyoideus  ( Mylohyoid  muscle),  flat  and  triangular,  is  situated  imme¬ 
diately  above  the  anterior  belly  of  the  Digastricus,  and  forms,  with  its  fellow  of  the 
opposite  side,  a  muscular  floor  for  the  cavity  of  the  mouth.  It  arises  from  the  whole 
length  of  the  mylohyoid  line  of  the  mandible,  extending  from  the  symphysis  in 
front  to  the  last  molar  tooth  behind.  The  posterior  fibers  pass  medialward  and 
slightly  downward,  to  be  inserted  into  the  body  of  the  hyoid  bone.  The  middle  and 
anterior  fibers  are  inserted  into  a  median  fibrous  raphe  extending  from  the  sym¬ 
physis  menti  to  the  hyoid  bone,  where  they  join  at  an  angle  with  the  fibers  of  the 
opposite  muscle.  This  median  raphe  is  sometimes  wanting;  the  fibers  of  the  two 
muscles  are  then  continuous. 

Variations. — It  may  be  united  to  or  replaced  by  the  anterior  belly  of  the  Digastricus;  accessory 
ialips  to  other  hyoid  muscles  are  frequent. 

The  Geniohyoideus  ( Geniohyoid  muscle)  is  a  narrow  muscle,  situated  above  the 
medial  border  of  the  Mylohyoideus.  It  arises  from  the  inferior  mental  spine  on 
the  back  of  the  symphysis  menti,  and  runs  backward  and  slightly  downward,  to 
be  inserted  into  the  anterior  surface  of  the  body  of  the  hyoid  bone;  it  lies  in  con¬ 
tact  with  its  fellow  of  the  opposite  side. 

Variations. — It  may  be  blended  with  the  one  on  opposite  side  or  double;  slips  to  greater 
cornu  of  hyoid  bone  and  Genioglossus  occur. 

Nerves. — The  Mylohyoideus  and  anterior  belly  of  the  Digastricus  are  supplied  by  the  mylo¬ 
hyoid  branch  of  the  inferior  alveolar;  the  Stylohyoideus  and  posterior  belly  of  the  Digastricus, 
by  the  facial;  the  Geniohyoideus,  by  the  hypoglossal. 

Actions. — These  muscles  perform  two  very  important  actions.  During  the  act  of  deglutition 
they  raise  the  hyoid  bone,  and  with  it  the  base  of  the  tongue;  when  the  hyoid  bone  is  fixed  by  its 
depressors  and  those  of  the  larynx,  they  depress  the  mandible.  During  the  first  act  of  degluti¬ 
tion,  when  the  mass  of  food  is  being  driven  from  the  mouth  into  the  pharynx,  the  hyoid  bone 
and  with  it  the  tongue,  is  carried  upward  and  forward  by  the  anterior  bellies  of  the  Digastrici, 
the  Mylohyoidei,  and  Geniohyoidei.  In  the  second  act,  when  the  mass  is  passing  through  the 
pharynx,  the  direct  elevation  of  the  hyoid  bone  takes  place  by  the  combined  action  of  all  the 
muscles;  and  after  the  food  has  passed,  the  hyoid  bone  is  carried  upward  and  backward  by  the 
posterior  bellies  of  the  Digastrici  and  the  Stylohyoidei,  which  assist  in  preventing  the  return 
.of  the  food  into  the  mouth. 


IV.  THE  INFRAHYOID  MUSCLES. 

The  infrahyoid  muscles  are: 

Sternohyoideus.  Thyreohyoideus. 

Sternothyreoideus.  Omohyoideus. 

The  Sternohyoideus  {Sternohyoid  muscle)  is  a  thin,  narrow  muscle,  which  arises 
from  the  posterior  surface  of  the  medial  end  of  the  clavicle,  the  posterior  sterno¬ 
clavicular  ligament,  and  the  upper  and  posterior  part  of  the  manubrium  stemi. 
Passing  upward  and  medialward,  it  is  inserted ,  by  short,  tendinous  fibers,  into  the 
lower  border  of  the  body  of  the  hyoid  bone.  Below,  this  muscle  is  separated 
from  its  fellow  by  a  considerable  interval;  but  the  two  muscles  come  into  contact 
with  one  another  in  the  middle  of  their  course,  and  from  this  upward,  lie  side  by 
side.  It  sometimes  presents,  immediately  above  its  origin,  a  transverse  tendinous 
inscription. 

Variations. — Doubling;  accessory  slips  (Cleidohyoideus) ;  absence. 

The  Sternothyreoideus  {Sternothyroid  muscle)  is  shorter  and  wider  than  the 
preceding  muscle,  beneath  which  it  is  situated.  It  arises  from  the  posterior  surface 
.of  the  manubrium  sterni,  below  the  origin  of  the  Sternohyoideus,  and  from  the  edge 
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of  the  cartilage  of  the  first  rib,  and  sometimes  that  of  the  second  rib,  it  is  inserted 
into  the  oblique  line  on  the  lamina  of  the  thyroid  cartilage.  This  muscle  is  in 
close  contact  with  its  fellow  at  the  lower  part  of  the  neck,  but  diverges  somewhat 
as  it  ascends;  it  is  occasionally  traversed  by  a  transverse  or  oblique  tendinous 
inscription. 

Variations. — Doubling;  absence;  accessory  slips  to  Thyreohyoideus,  Inferior  constrictor,  or 
carotid  sheath. 

The  Thyreohyoideus  ( Thyrohyoid  muscle)  is  a  small,  quadrilateral  muscle 
appearing  like  an  upward  continuation  of  the  Sternothyreoideus.  It  arises  from 
the  oblique  line  on  the  lamina  of  the  thyroid  cartilage,  and  is  inserted  into  the 
lower  border  of  the  greater  cornu  of  the  hyoid  bone. 

The  Omohyoideus  ( Omohyoid  muscle)  consists  of  two  fleshy  bellies  united  by 
a  central  tendon.  It  arises  from  the  upper  border  of  the  scapula,  and  occasionally 
from  the  superior  transverse  ligament  which  crosses  the  scapular  notch,  its  extent 
of  attachment  to  the  scapula  varying  from  a  few  millimetres  to  2.5  cm.  From 
this  origin,  the  inferior  belly  forms  a  flat,  narrow  fasciculus,  which  inclines  forward 
and  slightly  upward  across  the  lower  part  of  the  neck,  being  bound  down  to  the 
clavicle  by  a  fibrous  expansion;  it  then  passes  behind  the  Sternocleidomastoideus, 
becomes  tendinous  and  changes  its  direction,  forming  an  obtuse  angle.  It  ends 
in  the  superior  belly,  which  passes  almost  vertically  upward,  close  to  the  lateral 
border  of  the  Sternohyoideus,  to  be  inserted  into  the  lower  border  of  the  body 
of  the  hyoid  bone,  lateral  to  the  insertion  of  the  Sternohyoideus.  The  central 
tendon  of  this  muscle  varies  much  in  length  and  form,  and  is  held  in  position  by 
a  process  of  the  deep  cervical  fascia,  which  sheaths  it,  and  is  prolonged  down  to 
be  attached  to  the  clavicle  and  first  rib;  it  is  by  this  means  that  the  angular  form 
of  the  muscle  is  maintained.  - - 

Variations. — Doubling;  absence;  origin  from  clavicle;  absence  or  doubling  of  either  belly. 

The  inferior  belly  of  the  Omohyoideus  divides  the  posterior  triangle  of  the  neck  into  an  upper 
or  occipital  triangle  and  a  lower  or  subclavian  triangle,  while  its  superior  belly  divides  the  anterior 
triangle  into  an  upper  or  carotid  triangle  and  a  lower  or  muscular  triangle. 

Nerves. — The  Infrahyoid  muscles  are  supplied  by  branches  from  the  first  three  cervical  nerves. 
From  the  first  two  nerves  the  branch  joins  the  hypoglossal  trunk,  runs  with  it  some  distance, 
and  sends  off  a  branch  to  the  Thyreohyoideus;  it  then  leaves  the  hypoglossal  to  form  the  descendens 
hypoglossi  and  unites  with  the  communicantes  cervicalis  from  the  second  and  third  cervical  nerves 
to  form  the  ansa  hypoglossi  from  which  nerves  pass  to  the  other  Infrahyoid  muscles. 

Actions. — These  muscles  depress  the  larynx  and  hyoid  bone,  after  they  have  been  drawn  up 
with  the  pharynx  in  the  act  of  deglutition.  The  Omohyoidei  not  only  depress  the  hyoid  bone, 
but  carry  it  backward  and  to  one  or  the  other  side.  They  are  concerned  especially  in  prolonged 
inspiratory  efforts;  for  by  rendering  the  lower  part  of  the  cervical  fascia  tense  they  lessen  the 
inward  suction  of  the  soft  parts,  which  would  otherwise  compress  the  great  vessels  and  the 
apices  of  the  lungB.  The  Thyreohyoideus  may  act  as  an  elevator  of  the  thyroid  cartilage,  when 
the  hyoid  bone  ascends,  drawing  the  thyroid  cartilage  up  behind  the  hyoid  bone.  The  Sterao- 
tbyreoideus  acts  as  a  depressor  of  the  thyroid  cartilage. 


V.  THE  ANTERIOR  VERTEBRAL  MUSCLES  (Fig.  395). 

The  anterior  vertebral  muscles  are: 

Longus  colli.  Rectus  capitis  anterior. 

Longus  capitis.  Rectus  capitis  lateralis. 

The  Longus  colli  is  situated  on  the  anterior  surface  of  the  vertebral  column, 
between  the  atlas  and  the  third  thoracic  vertebra.  It  is  broad  in  the  middle, 
narrow  and  pointed  at  either  end,  and  consists  of  three  portions,  a  superior  oblique, 
an  inferior  oblique,  and  a  vertical.  The  superior  oblique  portion  arises  from  the 
anterior  tubercles  of  the  transverse  processes  of  the  third,  fourth,  and  fifth  cervical 
vertebrae;  and,  ascending  obliquely  with  a  medial  inclination,  is  inserted  by  a  narrow 
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tendon  into  the  tubercle  on  the  anterior  arch  of  the  atlas.  The  inferior  oblique 
portion,  the  smallest  part  of  the  muscle,  arises  from  the  front  of  the  bodies  of  the 
first  two  or  three  thoracic  vertebrae;  and,  ascending  obliquely  in  a  lateral  direction, 
is  inserted  into  the  anterior  tubercles  of  the  transverse  processes  of  the  fifth  and 
sixth  cervical  vertebrae.  The  vertical  portion  arises,  below,  from  the  front  of  the 
bodies  of  the  upper  three  thoracic  and  lower  three  cervical  vertebra?,  and  is  in¬ 
serted  into  the  front  of  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrae. 

The  Longus  capitis  (Rectus  capitis  aniicus  major),  broad  and  thick  above, 
narrow  below,  arises  by  four  tendinous  slips,  from  the  anterior  tubercles  of  the 
transverse  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebne,  and 
ascends,  converging  toward  its  fellow  of  the  opposite  side,  to  be  inserted  into  the 
inferior  surface  of  the  basilar  part  of  the  occipital  bone. 


FfiJ  'a&Y  — 1 1"W  UijOnor  verl^birui  nmaeta*. 


The  Rectus  capitis  anterior  (Rectus  capitis  anticus  minor )  is  a  short,  flat  muscle, 
situated  immediately  behind  the  upper  part  of  the  Longus  capitis.  It  arises  from 
the  anterior  surface  of  the  lateral  mass  of  the  atlas,  and  from  the  root  of  its 
transverse  process,  and  passing  obliquely  upward  and  medialward,  is  inserted  into 
the  inferior  surface  of  the  basilar  part  of  the  occipital  bone  immediately  in  front 
of  the  foramen  magnum. 

The  Rectus  capitis  lateralis,  a  short,  flat  muscle,  arises  from  the  upper  surface 
of  the  transverse  process  of  the  atlas,  and  is  inserted  into  the  under  surface  of  the 
jugular  process  of  the  occipital  bone. 

Nerves.— The  Rectus  capitis  anterior  and  the  Rectus  capitis  lateralis  are  supplied  from  the 
loop  between  the  first  and  second  cervical  nerves;  the  Longus  capitis,  by  branches  from  the 
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first,  second,  and  third  cervical;  the  Longus  colli,  by  branches  from  the  second  to  the  seventh 
cervical  nerves. 

Actions. — The  Longus  capitis  and  Rectus  capitis  anterior  are  the  direct  antagonists  of  the 
muscles  at  the  back  of  the  neck,  serving  to  restore  the  head  to  its  natural  position  after  it  has 
been  drawn  backward.  These  muscles  also  flex  the  head,  and  from  their  obliquity,  rotate  it, 
so  as  to  turn  the  face  to  one  or  the  other  side.  The  Rectus  lateralis,  acting  on  one  side,  bends 
the  head  laterally.  The  Longus  colli  flexes  and  slightly  rotates  the  cervical  portion  of  the  vertebral 
column. 

VI.  THE  LATERAL  VERTEBRAL  MUSCLES  (Fig.  395). 

The  lateral  vertebral  muscles  are: 

Scalenus  anterior.  Scalenus  medius. 

Scalenus  posterior. 

The  Scalenus  anterior  ( Scalenus  antieus)  lies  deeply  at  the  side  of  the  neck, 
behind  the  Stemocleidomastoideus.  It  arises  from  the  anterior  tubercles  of  the 
transverse  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and 
descending,  almost  vertically,  is  inserted  by  a  narrow,  flat  tendon  into  the  scalene 
tubercle  on  the  inner  border  of  the  first  rib,  and  into  the  ridge  on  the  upper  surface 
of  the  rib  in  front  of  the  subclavian  groove. 

The  Scalenus  medius,  the  largest  and  longest  of  the  three  Scaleni,  arises 
from  the  posterior  tubercles  of  the  transverse  processes  of  the  lower  six  cervical 
vertebrae,  and  descending  along  the  side  of  the  vertebral  column,  is  inserted  by  a 
broad  attachment  into  the  upper  surface  of  the  first  rib,  between  the  tubercle 
and  the  subclavian  groove. 

The  Scalenus  posterior  (Scalenus  posticus ),  the  smallest  and  most  deeply  seated 
of  the  three  Scaleni,  arises ,  by  two  or  three  separate  tendons,  from  the  posterior 
tubercles  of  the  transverse  processes  of  the  lower  two  or  three  cervical  vertebrae, 
and  is  inserted  by  a  thin  tendon  into  the  outer  surface  of  the  second  rib,  behind 
the  attachment  of  the  Serratus  anterior.  It  is  occasionally  blended  with  the 
Scalenus  medius. 

Variations. — The  Scaleni  muscles  vary  considerably  in  their  attachments  and  in  the  arrange¬ 
ment  of  their  fibers.  A  slip  from  the  Scalenus  antieus  may  pass  behind  the  subclavian  artery. 
The  Scalenus  posticus  may  be  absent  or  extend  to  the  third  rib.  The  Scalenus  pleurcdis  muscle 
extends  from  the  transverse  process  of  the  seventh  cervical  vertebra  to  the  fascia  supporting  the 
dome  of  the  pleura  and  inner  border  of  first  rib. 

Nerves. — The  Scaleni  are  supplied  by  branches  from  the  second  to  the  seventh  cervical  nerves. 

Actions. — When  the  Scaleni  act  from  above,  they  elevate  the  first  and  second  ribs,  and  are, 
therefore,  inspiratory  muscles.  Acting  from  below,  they  bend  the  vertebral  column  to  one  or 
other  side;  if  the  muscles  of  both  sides  act,  the  vertebral  column  is  slightly  flexed. 


THE  FASCIAE  AND  MUSCLES  OF  THE  TRUNK. 

The  muscles  of  the  trunk  may  be  arranged  in  six  groups: 

I.  Deep  Muscles  of  the  Back.  IV.  Muscles  of  the  Abdomen. 

II.  Suboccipital  Muscles.  V.  Muscles  of  the  Pelvis. 

III.  Muscles  of  the  Thorax.  VI.  Muscles  of  the  Perineum. 


I.  THE  DEEP  MUSCLES  OF  THE  BACK  (Fig.  396). 


The  deep  or  intrinsic  muscles  of  the  back  consist  of  a  complex  group  of  muscles 
extending  from  the  pelvis  to  the  skull.  They  are: 


Splenius  capitis. 
Splenius  cervicis. 
Sacrospinalis. 
Semispinalis. 


Multifidus. 
Rotatores. 
Interspinales. 
Intertrans  versa  ri  i . 


398 


MYOLOGY 


The  Lumbodorsal  Fascia  ( fascia  lumbodor sails;  lumbar  aponeurosis  and  vertebral 
fascia). — The  lumbodorsal  fascia  is  a  deep  investing  membrane  which  covers  the 
deep  muscles  of  the  back  of  the  trunk.  Above ,  it  passes  in  front  of  the  Serratus 
posterior  superior  and  is  continuous  with  a  similar  investing  layer  on  the  back  of 
the  neck — the  nuchal  fascia. 

In  the  thoracic  region  the  lumbodorsal  fascia  is  a  thin  fibrous  lamina  which 
serves  to  bind  down  the  Extensor  muscles  of  the  vertebral  column  and  to  separate 
them  from  the  muscles  connecting  the  vertebral  column  to  the  upper  extremity. 
It  contains  both  longitudinal  and  transverse  fibers,  and  is  attached,  medially,  to 
the  spinous  processes  of  the  thoracic  vertebrae ;  laterally  to  the  angles  of  the  ribs. 

In  the  lumbar  region  the  fascia  (i lumbar  aponeurosis)  is  in  two  layers,  anterior 
and  posterior  (Figs.  396,  417).  The  posterior  layer  is  attached  to  the  spinous 
processes  of  the  lumbar  and  sacral  vertebrae  and  to  the  supraspinal  ligament;  the 
anterior  layer  is  attached,  medially,  to  the  tips  of  the  transverse  processes  of  the 
lumbar  vertebrae  and  to  the  intertransverse  ligaments,  below ,  to  the  iliolumbar 
ligament,  and  above,  to  the  lumbocostal  ligament.  The  two  layers  unite  at  the 
lateral  margin  of  the  Sacrospinalis,  to  form  the  tendon  of  origin  of  the  Transversus 
abdominis.  The  aponeurosis  of  origin  of  the  Serratus  posterior  inferior  and  the 
Latissimus  dorsi  are  intimately  blended  with  the  lumbodorsal  fascia. 


Fig.  396. — Diagram  of  a  transverse  section  of  the  posterior  abdominal  wall,  to  show  the  disposition  of  the 

lumbodorsal  fascia. 

The  Splenius  capitis  (Fig.  417)  arises  from  the  lower  half  of  the  ligamentum 
nucha?,  from  the  spinous  process  of  the  seventh  cervical  vertebra,  and  from  the 
spinous  processes  of  the  upper  three  or  four  thoracic  vertebrae.  The  fibers  of 
the  muscle  are  directed  upward  and  lateralward  and  are  inserted,  under  cover  of 
the  Sternocleidomastoideus,  into  the  mastoid  process  of  the  temporal  bone,  and 
into  the  rough  surface  on  the  occipital  bone  just  below  the  lateral  third  of  the 
superior  nuchal  line. 

The  Splenius  cervicis  ( Splenius  colli)  (Fig.  417)  arises  by  a  narrow  tendinous 
band  from  the  spinous  processes  of  the  third  to  the  sixth  thoracic  vertebrae;  it  is 
inserted,  by  tendinous  fasciculi,  into  the  posterior  tubercles  of  the  transverse 
processes  of  the  upper  two  or  three  cervical  vertebrae. 

Variations. — The  origin  is  frequently  moved  up  or  down  one  or  two  vertebra.  Accessory’  slips 
are  occasionally  found. 

Nerves. — The  Splenii  are  supplied  by  the  lateral  branches  of  the  posterior  divisions  of  the 
middle  and  lower  cervical  nerves. 

Actions. — The  Splenii  of  the  two  sides,  acting  together,  draw  the  head  directly  backward, 
assisting  the  Trapezius  and  Semispinalis  capitis;  acting  separately,  they  draw  the  head  to  one 
side,  and  slightly  rotate  it,  turning  the  face  to  the  same  side.  They  also  assist  in  supporting  the 
head  in  the  erect  position. 

The  Sacrospinalis  ( Erector  spinw)  (Fig.  397),  and  its  prolongations  in  the 
thoracic  and  cervical  regions,  lie  in  the  groove  on  the  side  of  the  vertebral  column. 
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They  are  covered  in  the  lumbar  and  thoracic  regions  by  the  lumbodorsal  fascia, 
and  in  the  cervical  region  by  the  nuchal  fascia.  This  large  muscular  and  tendinous 
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mass  varies  in  size  and  structure  at  different  parts  of  the  vertebral  column.  In 
the  sacral  region  it  is  narrow  and  pointed,  and  at  its  origin  chiefly  tendinous  in 
structure.  In  the  lumbar  region  it  is  larger,  and  forms  a  thick  fleshy  mass  which, 
on  being  followed  upward,  is  subdivided  into  three  columns;  these  gradually 
diminish  in  size  as  they  ascend  to  be  inserted  into  the  vertebrae  and  ribs. 

The  Sacrospinalis  arises  from  the  anterior  surface  of  a  broad  and  thick  tendon, 
which  is  attached  to  the  medial  crest  of  the  sacrum,  to  the  spinous  processes  of 
the  lumbar  and  the  eleventh  and  twelfth  thoracic  vertebrae,  and  the  supraspinal 
ligament,  to  the  back  part  of  the  inner  lip  of  the  iliac  crests  and  to  the  lateral 
crests  of  the  sacrum,  where  it  blends  with  the  sacrotuberous  and  posterior  sacro¬ 
iliac  ligaments.  Some  of  its  fibers  are  continuous  with  the  fibers  of  origin  of  the 
Glutaeus  maximus.  The  muscular  fibers  form  a  large  fleshy  mass  which  splits, 
in  the  upper  lumbar  region  into  three  columns,  viz.,  a  lateral,  the  Hiocostali s,  an 
intermediate,  the  Longissimus,  and  a  medial,  the  Spinalis.  Each  of  these  consists 
from  below  upward,  of  three  parts,  as  follows: 


Lateral  Column . 
Iliocostalis. 

(a)  I.  lumborum. 

(b)  I.  dorsi. 

(c)  I.  cervicis. 


Intermediate  Column . 
Longissimus. 

(а)  L.  dorsi. 

(б)  L.  cervicis. 

(c)  L.  capitis. 


Medial  Column . 
Spinalis. 

(a)  S.  dorsi. 

(b)  S.  cervicis. 

(c)  S.  capitis. 


The  Iliocostalis  lumborum  ( Iliocostalis  muscle;  SacrolumbaMs  muscle)  is  inserted , 
by  six  or  seven  flattened  tendons,  into  the  inferior  borders  of  the  angles  of  the  lower 
six  or  seven  ribs. 

The  Iliocostalis  dorsi  (Musculus  accessorius)  arises  by  flattened  tendons  from 
the  upper  borders  of  the  angles  of  the  lower  six  ribs  medial  to  the  tendons  of 
insertion  of  the  Iliocostalis  lumborum;  these  become  muscular,  and  are  inserted 
into  the  upper  borders  of  the  angles  of  the  upper  six  ribs  and  into  the  back  of  the 
transverse  process  of  the  seventh  cervical  vertebra. 

The  Iliocostalis  cervicis  ( Cervicalis  ascendens)  arises  from  the  angles  of  the  third, 
fourth,  fifth,  and  sixth  ribs,  and  is  inserted  into  the  posterior  tubercles  of  the  trans¬ 
verse  processes  of  the  fourth,  fifth,  and  sixth  cervical  vertebrae. 

The  Longissimus  dorsi  is  the  intermediate  and  largest  of  the  continuations  of 
the  Sacrospinalis.  In  the  lumbar  region,  where  it  is  as  yet  blended  with  the  Ilio¬ 
costalis  lumborum,  some  of  its  fibers  are  attached  to  the  whole  length  of  the  pos¬ 
terior  surfaces  of  the  transverse  processes  and  the  accessory  processes  of  the  lumbar 
vertebrae,  and  to  the  anterior  layer  of  the  lumbodorsal  fascia.  In  the  thoracic 
region  it  is  inserted ,  by  rounded  tendons,  into  the  tips  of  the  transverse  processes 
of  all  the  thoracic  vertebrae,  and  by  fleshy  processes  into  the  lower  nine  or  ten  ribs 
between  their  tubercles  and  angles. 

The  Longissimus  cervicis  ( Transversalis  cervicis),  situated  medial  to  the  Longis¬ 
simus  dorsi,  arises  by  long  thin  tendons  from  the  summits  of  the  transverse  pro¬ 
cesses  of  the  upper  four  or  five  thoracic  vertebrae,  and  is  inserted  by  similar  tendons 
into  the  posterior  tubercles  of  the  transverse  processes  of  the  cervical  vertebrae 
from  the  second  to  the  sixth  inclusive. 

The  Longissimus  capitis  ( Trachelomastoid  muscle)  lies  medial  to  the  Longissimus 
cervicis,  between  it  and  the  Semispinalis  capitis.  It  arises  by  tendons  from  the 
transverse  processes  of  the  upper  four  or  five  thoracic  vertebrae,  and  the  artic¬ 
ular  processes  of  the  lower  three  or  four  cervical  vertebrae,  and  is  inserted  into  the 
posterior  margin  of  the  mastoid  process,  beneath  the  Splenius  capitis  and  Sterno- 
cleidomastoideus.  It  is  almost  always  crossed  by  a  tendinous  intersection  near 
its  insertion. 

The  Spinalis  dorsi,  the  medial  continuation  of  the  Sacrospinalis,  is  scarcely 
separable  as  a  distinct  muscle.  It  is  situated  at  the  medial  side  of  the  Longissimus 
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dorsi,  and  is  intimately  blended  with  it;  it  arises  by  three  or  four  tendons  from  the 
spinous  processes  of  the  first  two  lumbar  and  the  last  two  thoracic  vertebrae:  these, 
uniting,  form  a  small  muscle  which  is  inserted  by  separate  tendons  into  the  spinous 
processes  of  the  upper  thoracic  vertebrae,  the  number  varying  from  four  to  eight. 
It  is  intimately  united  with  the  Semispinalis  dorsi,  situated  beneath  it. 

The  Spinalis  cervicis  ( Spinalis  colli )  is  an  inconstant  muscle,  which  arises  from 
the  lower  part  of  the  ligamentum  nuchae,  the  spinous  process  of  the  seventh  cer¬ 
vical,  and  sometimes  from  the  spinous  processes  of  the  first  and  second  thoracic 
vertebrae,  and  is  inserted  into  the  spinous  process  of  the  axis,  and  occasionally  into 
the  spinous  processes  of  the  two  vertebrae  below  it. 

The  Spinalis  capitis  ( Biventer  cervicis )  is  usually  inseparably  connected  with  the 
Semispinalis  capitis  (see  below). 

The  Semispinalis  dorsi  consists  of  thin,  narrow,  fleshy  fasciculi,  interposed 
between  tendons  of  considerable  length.  It  arises  by  a  series  of  small  tendons 
from  the  transverse  processes  of  the  sixth  to  the  tenth  thoracic  vertebrae,  and  is 
inserted,  by  tendons,  into  the  spinous  processes  of  the  upper  four  thoracic  and  lower 
two  cervical  vertebrae. 

The  Semispinalis  cervicis  ( Semispinalis  colli),  thicker  than  the  preceding, 
arises  by  a  series  of  tendinous  and  fleshy  fibers  from  the  transverse  processes  of 
the  upper  five  or  six  thoracic  vertebrae,  and  is  inserted  into  the  cervical  spinous 
processes,  from  the  axis  to  the  fifth  inclusive.  The  fasciculus  connected  with  the 
axis  is  the  largest,  and  is  chiefly  muscular  in  structure. 

The  Semispinalis  capitis  (Complexus)  is  situated  at  the  upper  and  back  part 
of  the  neck,  beneath  the  Splenius,  and  medial  to  the  Longissimus  cervicis  and 
capitis.  It  arises  by  a  series  of  tendons  from  the  tips  of  the  transverse  processes 
of  the  upper  six  or  seven  thoracic  and  the  seventh  cervical  vertebrae,  and  from  the 
articular  processes  of  the  three  cervical  above  this.  The  tendons,  uniting,  form 
a  broad  muscle,  which  passes  upward,  and  is  inserted  between  the  superior  and 
inferior  nuchal  lines  of  the  occipital  bone.  The  medial  part,  usually  more  or  less 
distinct  from  the  remainder  of  the  muscle,  is  frequently  termed  the  Spinalis  capitis; 
it  is  also  named  the  Biventer  cervicis  since  it  is  traversed  by  an  imperfect  tendinous 
inscription. 

The  Multifidus  (. MuUifidus  spince)  consists  of  a  number  of  fleshy  and  tendinous 
fasciculi,  which  fill  up  the  groove  on  either  side  of  the  spinous  processes  of  the  ver¬ 
tebrae,  from  the  sacrum  to  the  axis.  In  the  sacral  region,  these  fasciculi  arise  from 
the  back  of  the  sacrum,  as  low  as  the  fourth  sacral  foramen,  from  the  aponeu¬ 
rosis  of  origin  of  the  Sacrospinalis,  from  the  medial  surface  of  the  posterior  superior 
iliac  spine,  and  from  the  posterior  sacroiliac  ligaments;  in  the  lumbar  region, 
from  all  the  mamillary  processes;  in  the  thoracic  region,  from  all  the  transverse 
processes;  and  in  the  cervical  region,  from  the  articular  processes  of  the  lower 
four  vertebrae.  Each  fasciculus,  passing  obliquely  upward  and  medialward,  is 
inserted  into  the  whole  length  of  the  spinous  process  of  one  of  the  vertebrae  above. 
These  fasciculi  vary  in  length:  the  most  superficial,  the  longest,  pass  from  one 
vertebra  to  the  thiixl  or  fourth  above;  those  next  in  order  run  from  one  vertebra 
to  the  second  or  third  above;  while  the  deepest  connect  two  contiguous  vertebrae. 

The  Rotatores  ( Rotatores  spina)  lie  beneath  the  Multifidus  and  are  found  only 
in  the  thoracic  region;  they  are  eleven  in  number  on  either  side.  Each  muscle  is 
small  and  somewhat  quadrilateral  in  form;  it  arises  from  the  upper  and  back  part  of 
the  transverse  process,  and  is  inserted  into  the  lower  border  and  lateral  surface  of 
the  lamina  of  the  vertebra  above,  the  fibers  extending  as  far  as  the  root  of  the  spinous 
process.  The  first  is  found  between  the  first  and  second  thoracic  vertebrae;  the 
last,  between  the  eleventh  and  twelfth.  Sometimes  the  number  of  these  muscles 
is  diminished  by  the  absence  of  one  or  more  from  the  upper  or  lower  end. 

The  Interspin&les  are  short  muscular  fasciculi,  placed  in  pairs  between  the 
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spinous  processes  of  the  contiguous  vertebra,  one  on  either  side  of  the  interspinal 
ligament.  In  the  cervical  region  they  are  most  distinct,  and  consist  of  six  pairs, 
the  first  being  situated  between  the  axis  and  third  vertebra,  and  the  last  between 
the  seventh  cervical  and  the  first  thoracic.  They  are  small  narrow  bundles, 
attached,  above  and  below,  to  the  apices  of  the  spinous  processes.  In  the  thoracic 
region ,  they  are  found  between  the  first  and  second  vertebra,  and  sometimes  be¬ 
tween  the  second  and  third,  and  between  the  eleventh  and  twelfth.  In  the  lumbar 
region  there  are  four  pairs  in  the  intervals  between  the  five  lumbar  vertebra. 
There  is  also  occasionally  one  between  the  last  thoracic  and  first  lumbar,  and  one 
between  the  fifth  lumbar  and  the  sacrum. 

The  Extensor  coccygis  is  a  slender  muscular  fasciculus,  which  is  not  always  present;  it  extends 
over  the  lower  part  of  the  posterior  surface  of  the  sacrum  and  coccyx.  It  arises  by  tendinous 
fibers  from  the  last  segment  of  the  sacrum,  or  first  piece  of  the  coccyx,  and  passes  downward  to 
be  inserted  into  the  lower  part  of  the  coccyx.  It  is  a  rudiment  of  the  Extensor  muscle  of  the 
caudal  vertebrae  of  the  lower  animals. 

The  Intertransversarii  ( Intertransversales )  are  small  muscles  placed  between 
the  transverse  processes  of  the  vertebra.  In  the  cervical  region  they  are  best 
developed,  consisting  of  rounded  muscular  and  tendinous  fasciculi,  and  are  placed 
in  pairs,  passing  between  the  anterior  and  the  posterior  tubercles  respectively  of 
the  transverse  processes  of  two  contiguous  vertebra,  and  separated  from  one 
another  by  an  anterior  primary  division  of  the  cervical  nerve,  which  lies  in  the 
groove  between  them.  The  muscles  connecting  the  anterior  tubercles  are  termed 
the  Intertransversarii  anteriores;  those  between  the  posterior  tubercles,  the  Inter¬ 
transversarii  posteriores;  both  sets  are  supplied  by  the  anterior  divisions  of  the 
spinal  nerves  (Lickley1).  There  are  seven  pairs  of  these  muscles,  the  first  pair 
being  between  the  atlas  and  axis,  and  the  last  pair  between  the  seventh  cervical 
and  first  thoracic  vertebra.  In  the  thoracic  region  they  are  present  between  the 
transverse  processes  of  the  lower  three  thoracic  vertebra,  and  between  the  trans¬ 
verse  processes  of  the  last  thoracic  and  the  first  lumbar.  In  the  lumbar  region 
they  are  arranged  in  pairs,  on  either  side  of  the  vertebral  column,  one  set  occupy¬ 
ing  the  entire  interspace  between  the  transverse  processes  of  the  lumbar  vertebra, 
the  Intertransversarii  laterales;  the  other  set,  Intertransversarii  mediales,  passing 
from  the  accessory  process  of  one  vertebra  to  the  mammillary  of  the  vertebra  below. 
The  Intertransversarii  laterales  are  supplied  by  the  anterior  divisions,  and  the 
Intertransversarii  mediales  by  the  posterior  divisions  of  the  spinal  nerves  (Lichley, 
op.  cit .). 

H.  THE  SUBOCCIPITAL  MUSCLES  (Fig.  397). 

The  suboccipital  group  comprises; 

Rectus  capitis  posterior  major.  Obliquus  capitis  inferior. 

Rectus  capitis  posterior  minor.  Obliquus  capitis  superior. 

The  Rectus  capitis  posterior  major  ( Rectus  cajpitis  posticus  major)  arises  by  a 
pointed  tendon  from  the  spinous  process  of  the  axis,  and,  becoming  broader  as 
it  ascends,  is  inserted  into  the  lateral  part  of  the  inferior  nuchal  line  of  the  occipital 
bone  and  the  surface  of  the  bone  immediately  below  the  line.  As  the  muscles  of 
the  two  sides  pass  upward  and  lateralward,  they  leave  between  them  a  triangular 
space,  in  which  the  Recti  capitis  posteriores  minores  are  seen. 

The  Rectus  capitis  posterior  minor  ( Rectus  capitis  posticus  minor)  arises  by  a 
narrow  pointed  tendon  from  the  tubercle  on  the  posterior  arch  of  the  atlas,  and, 
widening  as  it  ascends,  is  inserted  into  the  medial  part  of  the  inferior  nuchal  line 
of  the  occipital  bone  and  the  surface  between  it  and  the  foramen  magnum. 


-  Journal  of  Anatomy  and  Physiology,  1904,  vol.  39. 
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The  Obliquus  capitis  inferior  ( Obliquus  inferior ),  the  larger  of  the  two  Oblique 
muscles,  arises  from  the  apex  of  the  spinous  process  of  the  axis,  and  passes  lateral- 
ward  and  slightly  upward,  to  be  inserted  into  the  lower  and  back  part  of  the 
transverse  process  of  the  atlas. 

The  Obliquas  capitis  superior  ( Obliquus  superior ),  narrow  below,  wide  and 
expanded  above,  arises  by  tendinous  fibers  from  the  upper  surface  of  the  transverse 
process  of  the  atlas,  joining  with  the  insertion  of  the  preceding.  It  passes  upward 
and  medial  ward,  and  is  inserted  into  the  occipital  bone,  between  the  superior  and 
inferior  nuchal  lines,  lateral  to  the  Semispinalis  capitis. 

The  Suboccipit&l  Triangle. — Between  the  Obliqui  and  the  Rectus  capitis  posterior  major  is 
the  suboccipit&l  triangle.  It  is  bounded,  above  and  medially ,  by  the  Rectus  capitis  posterior 
major;  above  and  laterally ,  by  the  Obliquus  capitis  superior;  below  and  laterally ,  by  the  Obliquus 
capitis  inferior.  It  is  covered  by  a  layer  of  dense  fibrofatty  tissue,  situated  beneath  the  Semi¬ 
spinalis  capitis.  The  floor  is  formed  by  the  posterior  occipito-atlantal  membrane,  and  the  posterior 
arch  of  the  atlas.  In  the  deep  groove  on  the  upper  surface  of  the  posterior  arch  of  the  atlas  are 
the  vertebral  artery  and  the  first  cervical  or  suboccipital  nerve. 

Nerves. — The  deep  muscles  of  the  back  and  the  suboccipital  muscles  are  supplied  by  the 
posterior  primary  divisions  of  the  spinal  nerves. 

Actions. — The  Sacrospinalis  and  its  upward  continuations  and  the  Spinales  serve  to  main¬ 
tain  the  vertebral  column  in  the  erect  posture;  they  also  serve  to  bend  the  trunk  backward  when 
it  is  required  to  counterbalance  the  influence  of  any  weight  at  the  front  of  the  body — as,  for 
instance,  when  a  heavy  weight  is  suspended  from  the  neck,  or  when  there  is  any  great  abdominal 
distension,  as  in  pregnancy  or  dropsy;  the  peculiar  gait  under  such  circumstances  depends  upon 
the  vertebral  column  being  drawn  backward,  by  the  counterbalancing  action  of  the  Sacrospinales. 
The  muscles  which  form  the  continuation  of  the  Sacrospinales  on  to  the  head  and  neck  steady 
those  parts  and  fix  them  in  the  upright  position.  If  the  Iliocostalis  lumborum  and  Longissimus 
dorai  of  one  side  act,  they  serve  to  draw  down  the  chest  and  vertebral  column  to  the  correspond¬ 
ing  side.  The  Iliocostales  cervicis,  taking  their  fixed  points  from  the  cervical  vertebrae,  elevate 
those  ribs  to  which  they  are  attached;  taking  their  fixed  points  from  the  ribs,  both  muscles  help 
to  extend  the  neck;  while  one  muscle  bends  the  neck  to  its  own  side.  When  both  Longissimi 
cervicis  act  from  below,  they  bend  the  neck  backward.  When  both  Longissimi  capitis  act  from 
below,  they  bend  the  head  backward;  while,  if  only  one  muscle  acts,  the  face  is  turned  to  the 
side  on  which  the  muscle  is  acting,  and  then  the  head  is  bent  to  the  shoulder.  The  two  Recti 
draw  the  head  backward.  The  Rectus  capitis  posterior  major,  owing  to  its  obliquity,  rotates 
the  skull,  with  the  atlas,  around  the  odontoid  process,  turning  the  face  to  the  same  side.  The 
Multifidus  acts  successively  upon  the  different  parts  of  the  column;  thus,  the  sacrum  furnishes 
a  fixed  point  from  which  the  fasciculi  of  this  muscle  acts  upon  the  lumbar  region;  which  in  turn 
becomes  the  fixed  point  for  the  fasciculi  moving  the  thoracic  region,  and  so  on  throughout  the 
entire  length  of  the  column.  The  Multifidus  also  serves  to  rotate  the  column,  so  that  the  front 
of  the  trunk  is  turned  to  the  side  opposite  to  that  from  which  the  muscle  acts,  this  muscle  being 
assisted  in  its  action  by  the  Obliquus  extemus  abdominis.  The  Obliquus  capitis  superior  draws 
the  head  backward  and  to  its  own  side.  The  Obliquus  inferior  rotates  the  atlas,  and  with  it  the 
skull,  around  the  odontoid  process,  turning  the  face  to  the  same  side.  When  the  Semispinales  of 
the  two  sides  act  together,  they  help  to  extend  the  vertebral  column;  when  the  muscles  of  only 
one  side  act,  they  rotate  the  thoracic  and  cervical  parts  of  the  column,  turning  the  body  to  the 
opposite  side.  The  Semispinales  capitis  draw  the  head  directly  backward;  if  one  muscle  acts, 
it  draws  the  head  to  one  side,  and  rotates  it  so  that  the  face  is  turned  to  the  opposite  side.  The 
Intersp inales  by  approximating  the  spinous  processes  help  to  extend  the  column.  The  Inter- 
transversarii  approximate  the  transverse  processes,  and  help  to  bend  the  column  to  one  side. 
The  Rotatores  assist  the  Multifidus  to  rotate  the  vertebral  column,  so  that  the  front  of  the  trunk 
is  turned  to  the  side  opposite  to  that  from  which  the  muscles  act. 


m.  THE  MUSCLES  OF  THE  THORAX. 


The  muscles  belonging  to 
Intercostales  externi. 
Intercostales  intemi. 
Subcostales. 
Transversus  thoracis. 


this  group  are  the 

Levatores  costarum. 
Serratus  posterior  superior. 
Serratus  posterior  inferior. 
Diaphragm. 


Intercostal  Fasciae. — In  each  intercostal  space  thin  but  firm  layers  of  fascia 
cover  the  outer  surface  of  the  Intercostalis  externus  and  the  inner  surface  of  the 
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Intercostalis  interims;  and  a  third,  more  delicate  layer,  is  interposed  between  the 
two  planes  of  muscular  fibers.  They  are  best  marked  in  those  situations  where 
the  muscular  fibers  are  deficient,  as  between  the  Intercostales  externi  and  sternum 
in  front,  and  between  the  Intercostales  interni  and  vertebral  column  behind. 

The  Intercostales  ( Intercostal  muscles)  (Fig.  411)  are  two  thin  planes  of  muscular 
and  tendinous  fibers  occupying  each  of  the  intercostal  spaces.  They  are  named 
external  and  internal  from  their  surface  relations — the  external  being  superficial 
to  the  internal. 

The  Intercostales  externi  ( External  intercostals)  are  eleven  in  number  on  either 
side.  They  extend  from  the  tubercles  of  the  ribs  behind,  to  the  cartilages  of  the 
ribs  in  front,  where  they  end  in  thin  membranes,  the  anterior  intercostal  membranes, 
which  are  continued  forward  to  the  sternum.  Each  arises  from  the  lower  border 
of  a  rib,  and  is  inserted  into  the  upper  border  of  the  rib  below.  In  the  two  lower 
spaces  they  extend  to  the  ends  of  the  cartilages,  and  in  the  upper  two  or  three 
spaces  they  do  not  quite  reach  the  ends  of  the  ribs.  They  are  thicker  than  the 
Intercostales  interni,  and  their  fibers  are  directed  obliquely  downward  and  lateral- 
ward  on  the  back  of  the  thorax,  and  downward,  forward,  and  medialward  on  the  front. 

Variations. — Continuation  with  the  Obliquus  externus  or  Serratus  anterior:  A  Supracostcdis 
muscle ,  from  the  anterior  end  of  the  first  rib  down  to  the  second,  third  or  fourth  ribs  occasionally 
occurs. 

The  Intercostales  interni  (. Internal  intercostals)  are  also  eleven  in  number  on 
either  side.  They  commence  anteriorly  at  the  sternum,  in  the  interspaces  between 
the  cartilages  of  the  true  ribs,  and  at  the  anterior  extremities  of  the  cartilages  of 
the  false  ribs,  and  extend  backward  as  far  as  the  angles  of  the  ribs,  whence  they 
are  continued  to  the  vertebral  column  by  thin  aponeuroses,  the  posterior  intercostal 
membranes.  Each  arises  from  the  ridge  on  the  inner  surface  of  a  rib,  as  well  as 
from  the  corresponding  costal  cartilage,  and  is  inserted  into  the  upper  border 
of  the  rib  below.  Their  fibers  are  also  directed  obliquely,  but  pass  in  a  direction 
opposite  to  those  of  the  Intercostales  externi. 

The  Subcostales  ( Infracostales )  consist  of  muscular  and  aponeurotic  fasciculi, 
which  are  usually  well-developed  only  in  the  lower  part  of  the  thorax;  each  arises 
from  the  inner  surface  of  one  rib  near  its  angle,  and  is  inserted  into  the  inner 
surface  of  the  second  or  third  rib  below.  Their  fibers  run  in  the  same  direction 
as  those  of  the  Intercostales  interni. 

The  Transversus  thoracis  ( Triangularis  stemi)  is  a  thin  plane  of  muscular  and 
tendinous  fibers,  situated  upon  the  inner  surface  of  the  front  wall  of  the  chest 
(Fig.  398).  It  arises  on  either  side  from  the  lower  third  of  the  posterior  surface, 
of  the  body  of  the  sternum,  from  the  posterior  surface  of  the  xiphoid  process, 
and  from  the  sternal  ends  of  the  costal  cartilages  of  the  lower  three  or  four  true 
ribs.  Its  fibers  diverge  upward  and  lateral  ward,  to  be  inserted  by  slips  into  the 
lower  borders  and  inner  surfaces  of  the  costal  cartilages  of  the  second,  third,  fourth, 
fifth,  and  sixth  ribs.  The  lowest  fibers  of  this  muscle  are  horizontal  in  their  direc¬ 
tion,  and  are  continuous  with  those  of  the  Transversus  abdominis;  the  intermediate 
fibers  are  oblique,  while  the  highest  are  almost  vertical.  This  muscle  varies  in  its 
attachments,  not  only  in  different  subjects,  but  on  opposite  sides  of  the  same 
subject. 

The  Levatores  costarum  (Fig.  397),  twelve  in  number  on  either  side,  are  small 
tendinous  and  fleshy  bundles,  which  arise  from  the  ends  of  the  transverse  pro¬ 
cesses  of  the  seventh  cervical  and  upper  eleven  thoracic  vertebrae;  they  pass 
obliquely  downward  and  lateral  ward,  like  the  fibers  of  the  Intercostales  externi, 
and  each  is  inserted  into  the  outer  surface  of  the  rib  immediately  below*  the 
vertebra  from  which  it  takes  origin,  between  the  tubercle  and  the  angle  (Levatores 
costarum  breves).  Each  of  the  four  lower  muscles  divides  into  two  fasciculi,  one 
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of  which  is  inserted  as  above  described;  the  other  passes  down  to  the  second 
rib  below  its  origin  (^Levatorescostarumlongi). 

The  Serratus  posterior  superior  (Serratus  posticus  superior)  is  a  thin,  quadri¬ 
lateral  muscle,  situated  at  the  upper  and  back  part  of  the  thorax.  It  arises  by 
a  thin  and  broad  aponeurosis  from  the  lower  part  of  the  ligamentimi  nuehae, 
from  the  spinous  processes  of  the  seventh  cervical  and  upper  two  or  three  thoracic 
vertebra'  and  from  the  supraspinal  liga¬ 
ment.  Inclining  downward  and  lateral- 
ward  it  becomes  muscular,  and  is  in - 
strietU  by  four  fleshy  digitations,  into 
the  upper  borders  of  the  second,  third, 
fourth,  and  fifth  ribs,  a  little  beyond 
their  angles* 

Variations, — Increase  or  decrease  in  size  and 
minder  of  slips  or  entire  absence. 

The  Serratus  posterior  inferior  (Ser- 
mtus  jMticus  inferior)  (Fig.  417)  is  sit¬ 
uated  at  the  junction  of  the  thoracic 
and  lumbar  regions:  it  is  of  an  irreg¬ 
ularly  quadrilateral  form,  broader  than 
the  preceding,  and  separated  from  it  by 
a  wide  interval.  It  arises  by  a  thin 
aponeurosis  from  the  spinous  processes 
of  the  lower  two  thoracic  and  upper  two 
or  three  lumbar  vertebra,  and  from 
the  supraspinal  ligament.  Passing 
obliquely  upward  and  lateralward,  it 
becomes  fleshy,  and  divides  into  four 
flat  digitations,  which  are  inserted  into 
the  inferior  borders  of  the  lower  four 
ribs,  a  little  beyond  their  angles.  The 
thin  aponeurosis  of  origin  is  intimately 
blended  with  the  lumbodorsal  fascia, 
and  aponeurosis  of  the  Latissirri  us  dorsi. 

Variations. — Increase  or  decrease  in  size,  and  number  of  slips  or  entire  absence. 

Nerrea.— The  muscles  of  this  group  are  supplied  by  the  intercostal  nerves. 

The  Diaphragm  (Fig.  399)  is  a  dome-shaped  musculofibrous  septum  which 
separates  the  thoracic  from  the  abdominal  cavity,  its  convex  upper  surface  forming 
the  floor  of  the  former,  and  its  concave  under  surface  the  roof  of  the  latter.  Its 
peripheral  part  consists  of  muscular  fibers  which  take  origin  from  the  circumference 
of  the  thoracic  outlet  and  converge  to  be  inserted  into  a  central  tendon. 

The  muscular  fibers  may  be  grouped  According-  to  their  origins  into  three  parts 
—sternal,  costal,  and  lumbar.  The  sternal  part  arises  by  two  fleshy  slips  from 
the  back  of  the  xiphoid  process;  the  costal  part  from  the  inner  surfaces  of  the  car¬ 
tilages  and  adjacent  portions  of  the  lower  six  ribs  on  either  side,  interdigitating 
with  the  Transversus  abdominis;  and  the  lumbar  part  from  aponeurotic  arches, 
named  the  lumbocostal  arches,  and  from  the  lumbar  vertebra  by  two  pillars  or 
crura.  There  are  two  lumbocostal  arches,  a  medial  and  a  lateral,  on  either  side. 

The' Medial  Lumbocostal  Arch  ( arcus  I umbocosta l is  media l is  [II alien];  internal 
armite  ligament)  is  a  tendinous  arch  in  the  fascia  covering  the  upper  part  of  the 
Psoas  major;  medially,  it  is  continuous  with  the  lateral  tendinous  margin  of  the 
corresponding  crus,  and  is  attached  to  the  side  of  the  body  of  the  first  or  second 
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lumbar  vertebra;  laterally,  it  is  fixed  to  the  front  of  the  transverse  process  of  the 
first  and,  sometimes  also,  to  that  of  the  second  lumbar  vertebra. 

The  Lateral  Lumbocostal  Arch  {arcus  lumbocostalis  lateralis  [H  alien] ;  external 
arcuate  ligament)  arches  across  the  upper  part  of  the  Quadratus  lumboruin,  and 
is  attached,  medially,  to  the  front  of  the  transverse  process  of  the  first  lumbar 
vertebra,  and,  laterally,  to  the  tip  and  lower  margin  of  the  twelfth  rib. 

The  Crura. — At  their  origins  the  crura  are  tendinous  in  structure,  and  blend 
with  the  anterior  longitudinal  ligament  of  the  vertebral  column.  The  right  crus, 
larger  and  longer  than  the  left,  arises  from  the  anterior  surfaces  of  the  bodies  and 
intervertebral  fibrocartilages  of  the  upper  three  lumbar  vertebra?,  while  the  left 
crus  arises  from  the  corresponding  parts  of  the  upper  two  only.  The  medial  ten¬ 
dinous  margins  of  the  crura  pass  forward  and  medialward,  and  meet  in  the  middle 
line  to  form  an  arch  across  the  front  of  the  aorta;  this  arch  is  often  poorly  defined. 

Xiphoid  process 


Opening  for  r  Sptv  ncktuC  Nh-fi* 


Fig.  39U.— The  diaphragm.  Under  surface. 


From  this  series  of  origins  the  fibers  of  the  diaphragm  converge  to  be  inserted 
into  the  central  tendon.  The  fibers  arising  from  the  xiphoid  process  are  very  short, 
and  occasionally  aponeurotic;  those  from  the  medial  and  lateral  lumbocostal 
arches,  and  more  especially  those  from  the  ribs  and  their  cartilages,  are  longer, 
and  describe  marked  curves  as  they  ascend  and  converge  to  their  insertion.  The 
fibers  of  the  crura  diverge  as  they  ascend,  the  most  lateral  being  directed  upward 
and  lateralward  to  the  central  tendon.  The  medial  fibers  of  the  right  crus  ascend 
on  the  left  side  of  the  esophageal  hiatus,  and  occasionally  a  fasciculus  of  the  left 
crus  crosses  the  aorta  and  runs  obliquely  through  the  fibers  of  the  right  crus  toward 
the  vena  eaval  foramen  (Low1). 

1  Journal  of  Anatomy  and  Physiology,  voi  12. 
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The  Central  Tendon. — The  central  tendon  of  the  diaphragm  is  a  thin  but  strong 
aponeurosis  situated  near  the  center  of  the  vault  formed  by  the  muscle,  but  some¬ 
what  closer  to  the  front  than  to  the  back  of  the  thorax,  so  that  the  posterior  muscu¬ 
lar  fibers  are  the  longer.  It  is  situated  immediately  below  the  pericardium,  with 
which  it  is  partially  blended.  It  is  shaped  somewhat  like  a  trefoil  leaf,  consisting 
of  three  divisions  or  leaflets  separated  from  one  another  by  slight  indentations. 
The  right  leaflet  is  the  largest,  the  middle,  directed  toward  the  xiphoid  process, 
the  next  in  size,  and  the  left  the  smallest.  In  structure  the  tendon  is  composed 
of  several  planes  of  fibers,  which  intersect  one  another  at  various  angles  and  unite 
into  straight  or  curved  bundles — an  arrangement  which  gives  it  additional  strength. 

Openings  in  the  Diaphragm. — The  diaphragm  is  pierced  by  a  series  of  apertures 
to  permit  of  the  passage  of  structures  between  the  thorax  and  abdomen.  Three 
large  openings — the  aortic,  the  esophageal,  and  the  vena  caval — and  a  series  of 
smaller  ones  are  described. 

The  aortic  hiatus  is  the  lowest  and  most  posterior  of  the  large  apertures;  it  lies 
at  the  level  of  the  twelfth  thoracic  vertebra.  Strictly  speaking,  it  is  not  an  aperture 
in  the  diaphragm  but  an  osseoaponeurotic  opening  between  it  and  the  vertebral 
column,  and  therefore  behind  the  diaphragm;  occasionally  some  tendinous  fibers 
prolonged  across  the  bodies  of  the  vertebra  from  the  medial  parts  of  the  lower  ends 
of  the  crura  pass  behind  the  aorta,  and  thus  convert  the  hiatus  into  a  fibrous  ring. 
The  hiatus  is  situated  slightly  to  the  left  of  the  middle  line,  and  is  bounded  in  front 
by  the  crura,  and  behind  by  the  body  of  the  first  lumbar  vertebra.  Through  it 
pass  the  aorta,  the  azygos  vein,  and  the  thoracic  duct;  occasionally  the  azygos 
vein  is  transmitted  through  the  right  crus. 

The  esophageal  hiatus  is  situated  in  the  muscular  part  of  the  diaphragm  at 
the  level  of  the  tenth  thoracic  vertebra,  and  is  elliptical,  in  shape.  It  is  placed 
above,  in  front,  and  a  little  to  the  left  of  the  aortic  hiatus,  and  transmits  the 
esophagus,  the  vagus  nerves,  and  some  small  esophageal  arteries. 

The  vena  caval  foramen  is  the  highest  of  the  three,  and  is  situated  about  the  level 
of  the  fibrocartilage  between  the  eighth  and  ninth  thoracic  vertebra.  It  is  quad¬ 
rilateral  in  form,  and  is  placed  at  the  junction  of  the  right  and  middle  leaflets 
of  the  central  tendon,  so  that  its  margins  are  tendinous.  It  transmits  the  inferior 
vena  cava,  the  wrall  of  which  is  adherent  to  the  margins  of  the  opening,  and  some 
branches  of  the  right  phrenic  nerve. 

Of  the  lesser  apertures,  twro  in  the  right  crus  transmit  the  greater  and  lesser 
right  splanchnic  nerves;  three  in  the  left  crus  give  passage  to  the  greater  and  lesser 
left  splanchnic  -nerves  and  the  hemiazygos  vein.  The  gangliated  trunks  of  the 
sympathetic  usually  enter  the  abdominal  cavity  behind  the  diaphragm,  under 
the  medial  lumbocostal  arches. 

On  either  side  two  small  intervals  exist  at  which  the  muscular  fibers  of  the 
diaphragm  are  deficient  and  are  replaced  by  areolar  tissue.  One  between  the 
sternal  and  costal  parts  transmits  the  superior  epigastric  branch  of  the  internal 
mammary  artery  and  some  lymphatics  from  the  abdominal  wall  and  convex 
surface  of  the  liver.  The  other,  between  the  fibers  springing  from  the  medial  and 
lateral  lumbocostal  arches,  is  less  constant;  wrhen  this  interval  exists,  the  upper 
and  back  part  of  the  kidney  is  separated  from  the  pleura  by  areolar  tissue  only. 

Variations. — The  sternal  portion  of  the  muscle  is  sometimes  wanting  and  more  rarely  defects 
occur  in  the  lateral  part  of  the  central  tendon  or  adjoining  muscle  fibers. 

Nerves. — The  diaphragm  is  supplied  by  the  phrenic  and  lower  intercostal  nerves. 

Actions. — The  diaphragm  is  the  principal  muscle  of  inspiration,  and  presents  the  form  of 
a  dome  concave  toward  the  abdomen.  The  central  part  of  the  dome  is  tendinous,  and  the  peri¬ 
cardium  is  attached  to  its  upper  surface;  the  circumference  is  muscular.  During  inspiration  the 
lowest  ribs  are  fixed,  and  from  these  and  the  crura  the  muscular  fibers  contract  and  draw  down¬ 
ward  and  forward  the  central  tendon  with  the  attached  pericardium.  In  this  movement  the 
curvature  of  the  diaphragm  is  scarcely  altered,  the  dome  moving  downward  nearly  parallel 
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to  its  original  position  and  pushing  before  it  the  abdominal  viscera.  The  descent  of  the  abdominal 
viscera  is  permitted  by  the  elasticity  of  the  abdominal  wall,  but  the  limit  of  this  is  soon  reached. 
The  central  tendon  applied  to  the  abdominal  viscera  then  becomes  a  fixed  point  for  the  action 
of  the  diaphragm,  the  effect  of  which  is  to  elevate  the  lower  ribs  and  through  them  to  push 
forward  the  body  of  the  sternum  and  the  upper  ribs.  The  right  cupola  of  the  diaphragm, 
lying  on  the  liver,  has  a  greater  resistance  to  overcome  than  the  left,  which  lies  over  the  stomach, 
but  to  compensate  for  this  the  right  crus  and  the  fibers  of  the  right  side  generally  are  stronger 
than  those  of  the  left. 

In  all  expulsive  acts  the  diaphragm  is  called  into  action  to  give  additional  power  to  each 
expulsive  effort.  Thus,  before  sneezing,  coughing,  laughing,  crying,  or  vomiting,  and  previous 
to  the  expulsion  of  urine  or  feces,  or  of  the  fetus  from  the  uterus,  a  deep  inspiration  takes  place. 
The  height  of  the  diaphragm  is  constantly  varying  during  respiration;  it  also  varies  with  the 
degree  of  distension  of  the  stomach  and  intestines  and  with  the  size  of  the  liver.  After  a  forced 
expiration  the  right  cupola  is  on  a  level  in  front  with  the  fourth  costal  cartilage,  at  the  side  with 
the  fifth,  sixth,  and  seventh  ribs,  and  behind  with  the  eighth  rib;  the  left  cupola  is  a  little  lower 
than  the  right.  Halls  Dally1  states  that  the  absolute  range  of  movement  between  deep  inspira¬ 
tion  and  deep  expiration  averages  in  the  male  and  female  30  mm.  on  the  right  side  and  28  mm. 
on  the  left;  in  quiet  respiration  the  average  movement  is  12.5  mm.  on  the  right  side  and  12  mm. 
on  the  left. 

Skiagraphy  shows  that  the  height  of  the  diaphragm  in  the  thorax  varies  considerably  with 
the  position  of  the  body.  It  stands  highest  when  the  body  is  horizontal  and  the  patient  on  his 
back,  and  in  this  position  it  performs  the  largest  respiratory  excursions  with  normal  breathing. 
When  the  body  is  erect  the  dome  of  the  diaphragm  falls,  and  its  respiratory  movements  become 
smaller.  The  dome  falls  still  lower  when  the  sitting  posture  is  assumed,  and  in  this  position  its 
respiratory  excursions  are  smallest.  These  facts  may,  perhaps,  explain  why  it  is  that  patients 
suffering  from  severe  dyspnoea  are  most  comfortable  and  least  short  of  breath  when  they  sit  up. 
When  the  body  is  horizontal  and  the  patient  on  his  side,  the  two  halves  of  the  diaphragm  do 
not  behave  alike.  The  uppermost  half  sinks  to  a  level  lower  even  than  when  the  patient  sits, 
and  moves  little  with  respiration;  the  lower  half  rises  higher  in  the  thorax  than  it  does  when  the 
patient  is  supine,  and  its  respiratory  excursions  are  much  increased.  In  unilateral  disease  of  the 
pleura  or  lungs  analogous  interference  with  the  position  or  movement  of  the  diaphragm  can 
generally  be  observed  skiagraphically. 

It  appears  that  the  position  of  the  diaphragm  in  the  thorax  depends  upon  three  main  factors, 
viz.:  (1)  the  elastic  retraction  of  the  lung  tissue,  tending  to  pull  it  upward;  (2)  the  pressure 
exerted  on  its  under  surface  by  the  viscera;  this  naturally  tends  to  be  a  negative  pressure,  or  down¬ 
ward  suction,  when  the  patient  sits  or  stands,  and  positive,  or  an  upward  pressure,  when  he  lies; 
(3)  the  intra-abdominal  tension  due  to  the  abdominal  muscles.  These  are  in  a  state  of  contrac¬ 
tion  in  the  standing  position  and  not  in  the  sitting;  hence  the  diaphragm,  when  the  patient 
stands,  is  pushed  up  higher  than  when  he  sits. 

The  Intercostales  intemi  and  externi  have  probably  no  action  in  moving  the  ribs.  They  con¬ 
tract  simultaneously  and  form  strong  elastic  supports  which  prevent  the  intercostal  spaces  being 
pushed  out  or  drawn  in  during  respiration.  The  anterior  portions  of  the  Intercostales  intemi 
probably  have  an  additional  function  in  keeping  the  sternocostal  and  interchondral  joint  sur¬ 
faces  in  apposition,  the  posterior  parts  of  the  Intercostales  externi  performing  a  similar  function 
for  the  costovertebral  articulations.  The  Levatores  costarum  being  inserted  near  the  fulcra  of 
the  ribs  can  have  little  action  on  the  ribs;  they  act  as  rotators  and  lateral  flexors  of  the  vertebral 
column.  The  Transversus  thoracis  draws  down  the  costal  cartilages,  and  is  therefore  a  muscle 
of  expiration. 

The  Serrati  are  respiratory  muscles.  The  Serratus  posterior  superior  elevates  the  ribs  and 
is  therefore  an  inspiratory  muscle.  The  Serratus  posterior  inferior  draws  the  lower  ribs  down¬ 
ward  and  backward,  and  thus  elongates  the  thorax;  it  also  fixes  the  lower  ribs,  thus  assisting 
the  inspiratory  action  of  the  diaphragm  and  resisting  the  tendency  it  has  to  draw  the  lower 
ribs  upward  and  forward.  It  must  therefore  be  regarded  as  a  muscle  of  inspiration. 

Mechanism  of  Respiration. — The  respiratory  movements  must  be  examined  during  (a)  quiet 
respiration,  and  (6)  deep  respiration. 

Quiet  Respiration. — The  first  and  second  pairs  of  ribs  are  fixed  by  the  resistance  of  the  cervical 
structures;  the  last  pair,  and  through  it  the  eleventh,  by  the  Quadratus  lumborum.  The  other 
ribs  are  elevated,  so  that  the  first  two  intercostal  spaces  are  diminished  while  the  others  are 
increased  in  width.  It  has  already  been  shown  (p.  304)  that  elevation  of  the  third,  fourth,  fifth, 
and  sixth  ribs  leads  to  an  increase  in  the  antero-posterior  and  transverse  diameters  of  the  thorax: 
the  vertical  diameter  is  increased  by  the  descent  of  the  diaphragmatic  dome  so  that  the  lungs 
are  expanded  in  all  directions  except  backward  and  upward.  Elevation  of  the  eighth,  ninth, 
and  tenth  ribs  is  accompanied  by  a  lateral  and  backward  movement,  leading  to  an  increase  in 
the  transverse  diameter  of  the  upper  part  of  the  abdomen;  the  elasticity  of  the  anterior  abdominal 

1  Journal  of  Anatomy  and  Physiology,  1908,  vol  43. 
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wall  allows  a  slight  increase  in  the  antero-posterior  diameter  of  this  part,  and  in  this  way  the 
decrease  in  the  vertical  diameter  of  the  abdomen  is  compensated  and  space  provided  for  its 
displaced  viscera.  Expiration  is  effected  by  the  elastic  recoil  of  its  walls  and  by  the  action  of 
the  abdominal  muscles,  which  push  back  the  viscera  displaced  downward  by  the  diaphragm. 

Deep  Respiration. — All  the  movements  of  quiet  respiration  are  here  carried  out,  but  to  a 
greater  extent.  In  deep  inspiration  the  shoulders  and  the  vertebral  borders  of  the  scapulae  are 
fixed  and  the  limb  muscles,  Trapezius,  Serratus  anterior,  Pectorales,  and  Latissimus  dorai,  are 
called  iDto  play.  The  Scaleni  are  in  strong  action,  and  the  Stemocleidomastoidei  also  assist 
when  the  head  is  fixed  by  drawing  up  the  sternum  and  by  fixing  the  clavicles.  The  first  rib  is 
therefore  no  longer  stationary,  but,  with  the  sternum,  is  raised;  with  it  all  the  other  ribs  except 
the  last  are  raised  to  a  higher  level.  In  conjunction  with  the  increased  descent  of  the  diaphragm 
this  provides  for  a  considerable  augmentation  of  all  the  thoracic  diameters.  The  anterior  abdomi¬ 
nal  muscles  come  into  action  so  that  the  umbilicus  is  drawn  upward  and  backward,  but  this 
allows  the  diaphragm  to  exert  a  more  powerful  influence  on  the  lower  ribs;  the  transverse  diam¬ 
eter  of  the  upper  part  of  the  abdomen  is  greatly  increased  and  the  subcostal  angle  opened  out. 
The  deeper  muscles  of  the  back,  e.  g.f  the  Serrati  posteriores  superiores  and  the  Sacrospinales 
and  their  continuations,  are  also  brought  into  action;  the  thoracic  curve  of  the  vertebral  column 
is  partially  straightened,  and  the  whole  column,  above  the  lower  lumbar  vertebra,  drawn  back¬ 
ward.  This  increases  the  antero-posterior  diameters  of  the  thorax  and  upper  part  of  the  abdomen 
and  widens  the  intercostal  spaces.  Deep  expiration  is  effected  by  the  recoil  of  the  walls  and  by 
the  contraction  of  the  antero-lateral  muscles  of  the  abdominal  wall,  and  the  Serrati  posteriores 
inferiores  and  Transversus  thoracis. 

Halls  Dally  (op.  cit.)  gives  the  following  figures  as  representing  the  average  changes  which 
occur  during  deepest  possible  respiration.  The  manubrium  stemi  moves  30  mm.  in  an  upward 
and  14  mm.  in  a  forward  direction;  the  width  of  the  subcostal  angle,  at  a  level  of  30  mm.  below 
the  articulation  between  the  body  of  the  sternum  and  the  xiphoid  process,  is  increased  by  26 
mm.;  the  umbilicus  is  retracted  and  drawn  upward  for  a  distance  of  13  mm. 

IV.  THE  MUSCLES  AND  FASCLffi  OF  THE  ABDOMEN. 

The  muscles  of  the  abdomen  may  be  divided  into  two  groups:  (1)  the  antero¬ 
lateral  muscles;  (2)  the  posterior  muscles. 

1.  The  Antero-lateral  Muscles  of  the  Abdomen. 

The  muscles  of  this  group  are: 

Obliquus  externus.  Transversus. 

Obliquus  internus.  Rectus. 

Pyramidalis. 

The  Superficial  Fascia. — The  superficial  fascia  of  the  abdomen  consists,  over  the 
greater  part  of  the  abdominal  wall,  of  a  single  layer  containing  a  variable  amount 
of  fat;  but  near  the  groin  it  is  easily  divisible  into  two  layers,  between  which  are 
found  the  superficial  vessels  and  nerves  and  the  superficial  inguinal  lymph  glands. 

The  superficial  layer  {fascia  of  Camper)  is  thick,  areolar  in  texture,  and  contains 
in  its  meshes  a  varying  quantity  of  adipose  tissue.  Below,  it  passes  over  the 
inguinal  ligament,  and  is  continuous  with  the  superficial  fascia  of  the  thigh.  In 
the  male,  Camper’s  fascia  is  continued  over  the  penis  and  outer  surface  of  the 
spermatic  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  As  it  passes  to 
die  scrotum  it  changes  its  characteristics,  becoming  thin,  destitute  of  adipose  tissue, 
and  of  a  pale  reddish  color,  and  in  the  scrotum  it  acquires  some  involuntary 
muscular  fibers.  From  the  scrotum  it  may  be  traced  backward  into  continuity 
with  the  superficial  fascia  of  the  perineum.  In  the  female,  Camper’s  fascia  is 
continued  from  the  abdomen  into  the  labia  majora. 

The  deep  layer  (fascia  of  Scarpa)  is  thinner  and  more  membranous  in  character 
than  the  superficial,  and  contains  a  considerable  quantity  of  yellow  elastic  fibers. 
It  is  loosely  connected  by  areolar  tissue  to  the  aponeurosis  of  the  Obliquus  externus 
abdominis,  but  in  the  middle  line  it  is  more  intimately  adherent  to  the  linea  alba 
and  to  the  symphysis  pubis,  and  is  prolonged  on  to  the  dorsum  of  the  penis,  form- 


ing  the  fundiform  ligament;  above,  it  is  continuous  with  the  superficial  fascia 
over  the  rest  of  the  trunk;  below  and  laterally,  it  blends  with  the  fascia  lata  of 
the  thigh  a  little  below  the  inguinal  ligament;  medially  and  below,  it  is  continued 
over  the  penis  and  spermatic  cord  to  the  scrotum,  where  it  helps  to  form  the  dart  os. 
From  the  scrotum  it  may  be  traced  backward  into  continuity  with  the  deep  layer 
of  the  superficial  fascia  of  the  perineum  {fascia  of  Colics),  In  the  female,  it  is  con¬ 
tinued  into  the  labia  rnajora  and  thence  to  the  fascia  of  Colies. 


ir/iirtMO! 


Fit*.  -100. —The  ObliQUua  e*ternua  tttodoimnis. 


The  Obliquus  extemus  abdominis  ( External  or  descending  oblique  muscle)  (Fig. 
4(X)),  situated  on  the  lateral  and  anterior  parts  of  the  abdomen,  is  the  largest  and 
the  most  superficial  of  the  three  flat  muscles  in  this  region.  It  is  broad,  thin,  and 
irregularly  quadrilateral,  its  muscular  portion  occupying  the  side,  its  aponeurosis 
the  anterior  wall  of  the  abdomen.  It  arises,  by  eight  fleshy  digitations,  from  the 
external  surfaces  and  inferior  borders  of  the  lower  eight  ribs;  these  digitations 
are  arranged  in  an  oblique  line  which  runs  downward  and  backward,  the  upper 


THE  ANTERO-LATERAL  MUSCLES  OF  THE  ABDOMEN 


411 


ones  being  attached  close  to  the  cartilages  of  the  corresponding  ribs,  the  lowest 
to  the  apex  of  the  cartilage  of  the  last  rib,  the  intermediate  ones  to  the  ribs  at 
some  distance  from  their  cartilages.  The  five  superior  serrations  increase  in  size 
from  above  downward,  and  are  received  between  corresponding  processes  of  the 
Serratus  anterior;  the  three  lower  ones  diminish  in  size  from  above  downward 
and  receive  between  them  corresponding  processes  from  the  Latissimus  dorsi. 
From  these  attachments  the  fleshy  fibers  proceed  in  various  directions.  Those 
from  the  lowest  ribs  pass  nearly  vertically  downward,  and  are  inserted  into  the 
anterior  half  of  the  outer  lip  of  the  iliac  crest;  the  middle  and  upper  fibers,  directed 
downward  and  forward,  end  in  an  aponeurosis,  opposite  a  line  drawn  from  the 
prominence  of  the  ninth  costal  cartilage  to  the  anterior  superior  iliac  spine. 

The  aponeurosis  of  the  Obliquus  extemus  abdominis  is  a  thin  but  strong  mem¬ 
branous  structure,  the  fibers  of  which  are  directed  downward  and  medialward. 
It  is  joined  with  that  of  the  opposite  muscle  along  the  middle  line,  and  covers 
the  whole  of  the  front  of  the  abdomen;  above ,  it  is  covered  by  and  gives  origin 
to  the  lower  fibers  of  the  Pectoralis  major;  below ,  its  fibers  are  closely  aggregated 
together,  and  extend  obliquely  across  from  the  anterior  superior  iliac  spine  to 
the  pubic  tubercle  and  the  pectineal  line.  In  the  middle  line,  it  interlaces  with 
the  aponeurosis  of  the  opposite  muscle,  forming  the  linea  alba,  which  extends  from 
the  xiphoid  process  to  the  symphysis  pubis. 

That  portion  of  the  aponeurosis  which  extends  between  the  anterior  superior 
iliac  spine  and  the  pubic  tubercle  is  a  thick  band,  folded  inward,  and  continuous 
below  with  the  fascia  lata;  it  is  called  the  inguinal  ligament.  The  portion  which 
is  reflected  from  the  inguinal  ligament  at  the  pubic  tubercle  is  attached  to  the 
pectineal  line  and  is  called  the  lacunar  ligament.  From  the  point  of  attachment 
of  the  latter  to  the  pectineal  line,  a  few  fibers  pass  upward  and  medialward,  behind 
the  medial  crus  of  the  subcutaneous  inguinal  ring,  to  the  linea  alba;  they  diverge 
as  they  ascend,  and  form  a  thin  triangular  fibrous  band  which  is  called  the  reflected 
inguinal  ligament. 

In  the  aponeurosis  of  the  Obliquus  externus,  immediately  above  the  crest  of 
the  pubis,  is  a  triangular  opening,  the  subcutaneous  inguinal  ring,  formed  by  a 
separation  of  the  fibers  of  the  aponeurosis  in  this  situation. 

The  following  structures  require  further  description,  viz.,  the  subcutaneous 
ingnmal  ring,  the  intercrural  fibers  and  fascia,  and  the  inguinal,  lacunar,  and  reflected 
inguinal  ligaments. 

The  Subcutaneous  Inguinal  Ring  ( annulus  inguinalis  subcutaneus;  external 
abdominal  ring )  (Fig.  401). — The  subcutaneous  inguinal  ring  is  an  interval  in  the 
aponeurosis  of  the  Obliquus  externus,  just  above  and  lateral  to  the  crest  of  the 
pubis.  The  aperture  is  oblique  in  direction,  somewhat  triangular  in  form,  and 
corresponds  with  the  course  of  the  fibers  of  the  aponeurosis.  It  usually  measures 
from  base  to  apex  about  2.5  cm.,  and  transversely  about  1.25  cm.  It  is  bounded 
below  by  the  crest  of  the  pubis;  on  either  side  by  the  margins  of  the  opening  in  the 
aponeurosis,  which  are  called  the  crura  of  the  ring;  and  above ,  by  a  series  of  curved 
intercrural  fibers.  The  inferior  crus  ( external  pillar)  is  the  stronger  and  is  formed  by 
that  portion  of  the  inguinal  ligament  which  is  inserted  into  the  pubic  tubercle; 
it  is  curved  so  as  to  form  a  kind  of  groove,  upon  which,  in  the  male,  the  spermatic 
cord  rests.  The  superior  crus  ( internal  pillar )  is  a  broad,  thin,  flat  band,  attached  to 
the  front  of  the  symphysis  pubis  and  interlacing  with  its  fellow  of  the  opposite  side. 

The  subcutaneous  inguinal  ring  gives  passage  to  the  spermatic  cord  and  ilio¬ 
inguinal  nerve  in  the  male,  and  to  the  round  ligament  of  the  uterus  and  the 
ilioinguinal  nerve  in  the  female;  it  is  much  larger  in  men  than  in  women,  on 
account  of  the  large  size  of  the  spermatic  cord. 

The  Intercrural  Fibers  {fibres  irdercrur ales;  intercolumnar  fibers). — The  intercrural 
fibers  are  a  series  of  curved  tendinous  fibers,  which  arch  across  the  lower  part  of 
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the  ftpcmburosis  of  the  Qbliquus  tle«ctU,'«n.g  curves  with  the  convexities 

downward.  :•.  t^ey:^|«kve.''»;t^»yed-  their,  name  frottn  stretching  across  between  'the 
two  crura" .of  ihe'subaitataebijsdiiguina)  ring,  and  they  are  much  thicker  and  stronger 
at.  the  inferior  c-us;  where  they  are  connected  t>i  the  inguinal  ligament,  than  supe¬ 
riorly,  where  they  are  hisertwl  into  the  linen  alba.  The  intercrural  libers  increase 
the  strength  of  the  lower  part  of  the  aponeurosis,  and  prevent  the  divergence  of 
the  mnk  from  one  another;  they  are  mere  strongly  developed  in  the  male  than  in 
the  female. 

As  they  pities  across  the  subrutaneous  itigiwmd  ring,  they  are  connect ed  together 
by  delicate  'fibrous  tissue,  forming  a  fascia  ,  called  the  mtcrcroral  fascia.  This  inter- 
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crural  fascia  is  cPntirtMd  tlown  as  ix  tubular  prohmgatiob  ground  the  spermatic 
cord  ami  testii.  ami  cn.-h.M-.  them'  in  H.  sheath;  hence  it  h  also  cjdkd  the  external 
spermatic  fascia,  The  subcutaneous  inguinal  ring  is  seen  as  &  -distinct  aperture 
only  after  the  mterernra!  fascia  lias  been  removed; 

The  laguinal  Ligament  iHgUmMe. \P»uj>nrti\  ;  Poupurf/t  ligament'', 

‘Tig.  10* — 1 The  ijigumaMigapioti  is  the  lower  .border  of  the  .aponeurosis  of  the 
Oidiqims  c.wmus,  and  extends  from  the  anterior  superior  iliac  spine  to  the  pubic 
tubercle.  Froth  this  latter  point,  it.  is  reflected  backward  and  lateralward  to  be 
attachiHf  to  the  pectiutud  Ime  for  about.  1,23  cm-.  forming  the  lacunar  ligament, 
Its  general  direction  is  ro.n-.vx  downward  toward  the  thigh,  where  it  vs  continuous 
with  the  fascia,  httu  !v-.  hu-nd  half  is  rotOided,  and  oblique  in  direction;'  its 
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medial  half  gradually  widens  at  its  attachment  to  the  pubis,  is  more  horizontal 
in  direction,  and  lies  beneath  the  spermatic  cord. 

Tbe  Lacunar  Ligament  (7 i ga mcntu m  lacu na re  [Gimbernati] ;  GimbemaV s  ligament) 
(Fig.  402), — The  lacunar  ligament  is  that  part  of  the  aponeurosis  of  the  Obliquus 
extemus  which  is  reflected  backward  and  lateral  ward,  and  is  attached  to  the  pecti¬ 
neal  line.  It  is  about  1.25  cm.  long,  larger  in  the  male  than  in  the  female,  almost 
horizontal  in  direction  in  the  erect  posture,  and  of  a  triangular  form  with  the  base 
directed  lateral  ward.  Its  base  is  concave,  thin,  and  sharp,  and  forms  the  medial 
boundary  of  the  femoral  ring.  Its  apex  corresponds  to  the  pubic  tubercle.  Its 
posterior  margin  is  attached  to  the  pectineal  line,  and  is  continuous  with  the 
pectineal  fascia.  Its  anterior  margin  is  attached  to  the  inguinal  ligament.  Its 
surfaces  are  directed  upward  and  downward. 
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Fto.  402. — The  inguinal  and  lacunar  ligaments. 


The  Reflected  Inguinal  Ligament  ( ligamentum  inguinale  reflezum  { Colle.n]  ;  trian¬ 
gular  fascia).—' The  reflected  inguinal  ligament  is  a  layer  of  tendinous  fibers  of  a 
triangular  shape,  formed  by  an  expansion  from  the  lacunar  ligament  and  the  inferior 
crus  of  the  subcutaneous  inguinal  ring.  It  passes  medialward  behind  the  spermatic 
cord,  and  expands  into  a  somewhat  fan-shaped  band,  lying  behind  the  superior 
crus  of  the  subcutaneous  inguinal  ring,  and  in  front  of  the  inguinal  aponeurotic 
falx,  and  interlaces  with  the  ligament  of  the  other  side  of  the  linea  alba  (Fig.  404). 

ligament  of  Cooper. — This  is  a  strong  fibrous  band,  which  was  first  described  by  Sir  Astley 
Cooper.  It  extends  lateralward  from  the  base  of  the  lacunar  ligament  (Fig.  402)  along  the 
pectineal  line,  to  which  it  is  attached.  It  is  strengthened  by  the  pectineal  fascia,  and  by  a 
lateral  expansion  from  the  lower  attachment  of  the  linea  alba  (adminiculum  line alba). 

Variations, — The  Obliquus  extern  us  may  show  decrease  or  doubling  of  its  attachments  to  the 
rils;  addition  slips  from  lumbar  aponeurosis;  doubling  between  lower  ribs  and  ilium  or  inguinal 
ligament.  Rarely  tendinous  inscriptions  occur. 

The  Obliquus  interims  abdominis  ( Internal  or  ascending  oblique  muscle)  (Fig, 
403),  thinner  and  smaller  than  the  Obliquus  externus,  beneath  which  it  lies,  is  of 
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an  irregularly  quadrilateral  form,  and  situated  at  the  lateral  and  anterior  parts 
of  the  abdomen.  It  arises ,  by  fleshy  fibers,  from  the  lateral  half  of  the  grooved 
upper  surface  of  the  inguinal  ligament,  from  the  anterior  two-thirds  of  the  middle 
lip  of  the  iliac  crest,  and  from  the  posterior  lamella  of  the  lumbodorsal  fascia. 
Prom  this  origin  the  fibers  diverge;  those  from  the  inguinal  ligament,  few  in  number 
and  paler  in  color  than  the  rest,  arch  downward  and  medialward  across  the  sper¬ 
matic  cord  in  the  male  and  the  round  ligament  of  the  uterus  in  the  female,  and, 
becoming  tendinous,  are  inserted ,  conjointly  with  those  of  the  Trans  versus,  into 
the  crest  of  the  pubis  and  medial  part  of  the  pectineal  line  behind  the  lacunar 
ligament,  forming  what  is  known  as  the  inguinal  aponeurotic  falx.  Those  from  the 


lnXfuin-ii  ap<h 
tuurnhr  f  alx 
Crcma'ittr 


e*t Ifia 


i  iG  *103  —The  Obliquua  iniertiua  abdominis. 


anterior  third  of  the  iliac  origin  are  horizontal  in  their  direction,  and,  becoming 
tendinous  along  the  lower  fourth  of  the  linea  semilunaris,  pass  in  front  of  the  Rectus 
abdominis  to  be  inserted  into  the  linea  alba.  Those  arising  from  the  middle  third 
of  the  iliac  origin  run  obliquely  upward  and  medialward,  and  end  in  an  aponeurosis; 
this  divides  at  the  lateral  border  of  the  Rectus  into  two  lamellae,  which  are  con¬ 
tinued  forward,  one  in  front  of  and  the  other  behind  this  muscle,  to  the  linea  alba: 
the  posterior  lamella  has  an  attachment  to  the  cartilages  of  the  seventh,  eighth, 
and  ninth  ribs.  The  most  posterior  fibers  pass  almost  vertically  upward,  to  be 
inserted  into  the  inferior  borders  of  the  cartilages  of  the  three  lower  ribs,  being 
continuous  with  the  Intercostales  interni. 
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7 anttiotis ,  — OoejisiVtnail y,  rcntfimaus  iri^criptiuii^  occur  from  the  t*p»  of  the  tenth  or  eiemvth 
am tbjicV  i^ViVeii  f r<>t^-.the-nmthi':  r»n-  a'Mii  innu)  hUjj  t <j  t|ii»;  ninth /i.ytirlilujjfa  ia  soruei  1 in** ■  •  ftmatl.r 
**iMirM\M\  UjHvemi (be  inj^uiiiul  parf^  may  occur. 

The  Cremastei  iFig.  404 #  \s  a  thin  muscular  layer,  composed  of  a  number  of 
fnscieuli  whirl)  uwr  from  the  middle  of  the  inguinal  ligament  where  its  liber* 
are  continuous  with  those  of  the 
Chii^Ujjs  interims  and  also  occasion-  ^ 

site  with  the  .Transversus.  ft  nss>e3 

the  literal  siik  of  the  spermatic  ■ 

descends  with  it  through  the  sol-  wT'--;  :H' : i: •''S'-, 
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These  h-ops  are  united  together  h>  . 

•.’•.-•far  tissue,  and- form  a  thin  cover-  /  <>/ 

ing  over  the  eor-1  and  testis,  the  nremas-  / 

tenc  fascia.  The  fibers  nsi-eiid  ob.ng  /  •  •  •  •. 
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■  f  the  Rectus,  abdominis;  ,  .  .  ‘J 

TV  Transv»rsns  abdominis  (  Trans-  /:>f^ 

■*e*tiiUk.  '[ fffigy. '  iica.IM  ,f'  '^p||' 
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the  aMnroep,  being  placed  mirue- 
‘iwtely  beneath  t  he  Ohli’dims  .  interims.  It  urines, .  by  fleshy  fibers,  from  the 
lateral  third  of  the  inguinal  'ti.es*  went,  from  the  anterior  three-fourths  of  the  inner 
lij1  of  the  Din*-  crest,  from  the  inner  surfaces  of  the. cartilages  of  the  lower  six 
rib?,  iuterdigitating  with  the  diaphragm,  and  from  the  iumbodorsat  fascia. 
The  muscle'  ends,  in  front  in  a  broad  aponeurosis,  the  lower  fibers  of  which 
mm-  downward  and  roedialvcard,  and  are  'iiixerjtfl,  together  with  thVe  of  the 
OUiqaus  interims,  into  the  crest,  of  the  pubis  and  pectineal  line,  forming  the  Ingui¬ 
nal  aponeurotic  falx.  Throughout  the  rest  of  its  extent  the  aponeurosis  passes 
bwzontaliv-  to  the  middle  hue.  and  is  inserted  into  the  fme«  alba;  its  upper 
three-fourths  lie  behind  the  Retdtts  a««l  Wend  with;  the  posterior  latriclla  of;  the 
sporittiiosis  of  the  ObJtcpiite  interims;  its  lowrer  fourth  is  in  front  of  the  liedtus. 

Ttrasuuu), 


F to.  >0'i . — Tho  Cremaster. 


It  ■may-  br  itioro/nr.  less  fused  with  the  Qbliquus  interna*  nr ■■  alwcni,;  Thd 
cTvr-utnc  tot‘1  m/x}'  its  h>«m  ;Slvnii»?T  dii/^  th<*  liht*.  to 

tiic  of  'the  Tnvo^versnu  uhchithiitis,  or  the  rju.ite/eti«i  ^V  tlie 

other  slimier  .shfia  *ire-  t>ecasirmaUy  t#>un<L 

The  lnftxui%3  aponeurotic  ttix  ifalz  a}ioneurotica  ingni nall<;  cmjoint'tl  ktuhn  of 
hiknmi  oblique  and  mnsde)  af  Obliquus  intertms  and  Trans* 

yews  is  mainly  fonneit-  by  ih^-ltwer  part  the  tentlooxif  the  Trans  versus;  and 
to  Sa^rted  into  the  et^t  of  the  pubis  and  pertimutl  line  imn^dmtely  V*ehind 
die  suticatanerius  inguiiiat  '  ringf7^vihg-  to  what  ^ould-  -^therwi^  be  a 
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weak  point  in  the  abdominal  wall.  Lateral  to  the  falx  is  a  ligamentous  band  con¬ 
nected  with  the  lower  margin  of  the  Transversus  and  extending  down  in  front  of  the 
inferior  epigastric  artery  to  the  superior  ramus  of  the  pubis;  it  is  termed  the  inter- 
foveolar  ligament  of  Hesselbach  (Fig.  406)  arid  sometimes  contains  a  few  muscular 
fibers. 


Fui.  405. — The  Transverse  abdominis,  Rectus  abdominis,  and  Pyramidalis. 


The  Rectus  abdominis  (Fig.  405)  is  a  long  flat  muscle,  which  extends  along 
the  whole  length  of  the  front  of  the  abdomen,  and  is  separated  from  its  fellow 
of  the  opposite  side  by  the  linea  alba.  It  is  much  broader,  but  thinner,  above  than 
below,  and  arises  by  two  tendons;  the  lateral  or  larger  is  attached  to  the  crest 
of  the  pubis,  the  medial  interlaces  with  its  fellow  of  the  opposite  side,  and  is  con¬ 
nected  with  the  ligaments  covering  the  front  of  the  symphysis  pubis.  The  muscle 
is  inserted  by  three  portions  of  unequal  size  into  the  cartilages  of  the  fifth,  sixth, 
and  seventh  ribs.  The  upper  portion,  attached  principally  to  the  cartilage  of  the 
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fifth  rib.  usually  has  some  fibers  of  insertion  into  the  anterior  extremity  of  the  rib 
itself.  Some  fibers  are  occasionally  connected  with  the  costoxiphoid  ligaments, 
and  the  side  of  the  xiphoid  process. 

The  Rectus  is  crossed  by  fibrous  bands,  three  in  number,  which  are  named  the 
tendinous  inscriptions;  one  is  usually  situated  opposite  the  umbilicus,  one  at  the 
extremity  of  the  xiphoid  process,  and  the  third  about  midway  between  the  xiphoid 
process  and  the  umbilicus.  These  inscriptions  pass  transversely  or  obliquely 
across  the  muscle  in  a  zigzag  course;  they  rarely  extend  completely  through  its 
substance  and  may  pass  only  halfway  across  it  ;  they  are  intimately  adherent  in 
front  to  the  sheath  of  the  muscle.  Sometimes  one  or  two  additional  inscriptions, 
generally  incomplete,  are  present  below  the  umbilicus. 


Re  tiu& 
abdwfrrm* 


Inferior  tpigttofait 

aricry  and 


Linai 

scmicircularis 


Transt^raus 


Obliqiius 

internus 


Ingmmxl  aponvurotn,  fuD  i  ntetfjmAdT  liflurntrU 

Fig  106  —The  iutcrfoveolar  ligament,  seen  from  in  front  (Modified  from  BrauneJ 


The  Rectus  is  enclosed  in  a  sheath  (Fig.  407)  formed  by  the  aponeuroses  of  the 
Obliqui  and  Transversus,  which  are  arranged  in  the  following  manner.  At  the  lateral 
margin  of  the  Rectus,  the  aponeurosis  of  the  Obliquus  internus  divides  into  two 
lamellae,  one  of  which  passes  in  front  of  the  Rectus,  blending  with  the  aponeurosis 
of  the  Obliquus  externus,  the  other,  behind  it,  blending  with  the  aponeurosis  of 
the  Transversus,  and  these,  joining  again  at  the  medial  border  of  the  Rectus, 
are  inserted  into  the  linea  alba.  This  arrangement  of  the  aponeurosis  exists  from 
the  costal  margin  to  midway  between  the  umbilicus  and  symphysis  pubis,  where 
the  posterior  wall  of  the  sheath  ends  in  a  thin  curved  margin,  the  linea  semicircu- 
iaris,  the  concavity  of  which  is  directed  downward :  below  this  level  the  aponeuroses 
of  all  three  muscles  pass  in  front  of  the  Rectus.  The  Rectus,  in  the  situation  where 
its  sheath  is  deficient  below,  is  separated  from  the  peritoneum  by  the  transversalis 
fascia  (Fig.  408).  Since  the  tendons  of  the  Obliquus  internus  and  Transversus 
only  reach  as  high  as  the  costal  margin,  it  follows  that  above  this  level  the  sheath 
of  the  Rectus  is  deficient  behind,  the  muscle  resting  directly  on  the  cartilages  of 
the  ribs,  and  being  covered  merely  by  the  tendon  of  the  Obliquus  externus. 

The  Pyramidalis  (Fig.  405)  is  a  small  triangular  muscle,  placed  at  the  lower 
part  of  the  abdomen,  in  front  of  the  Rectus,  and  contained  in  the  sheath  of  that 
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muscle.  It  arises  by  tendinous  fibers  from  the  front  of  the  pubis  and  the  anterior 
pubic  ligament;  the  fleshy  portion  of  the  muscle  passes  upward,  diminishing 
in  size  as  it  ascends,  and  ends  by  a  pointed  extremity  which  is  inserted  into  the 
linea  alba,  midway  between  the  umbilicus  and  pubis.  This  muscle  may  be  wanting 
on  one  or  both  sides;  the  lower  end  of  the  Rectus  then  becomes  proportionately 
increased  in  size.  Occasionally  it  is  double  on  one  side,  and  the  muscles  of  the  two 
sides  are  sometimes  of  unequal  size.  It  may  extend  higher  than  the  level  stated. 


Besides  the  Rectus  and  Pyramidalis,  the  sheath  of  the  Rectus  contains  the  superior  and  inferior 
epigastric  arteries,  and  the  lower  intercostal  nerves. 

Variations. — The  Rectus  may  insert  as  high  as  the  fourth  or  third  rib  or  may  fail  to  reach  the 
fifth.  Fibers  may  spring  from  the  lower  part  of  the  linea  alba. 

Nerves. — The  abdominal  muscles  are  supplied  by  the  lower  intercostal  nerves.  The  Obliquus 
intemus  and  Transversus  also  receive  filaments  from  the  anterior  branch  of  the  iliohypogastric 
and  sometimes  from  the  ilioinguinal.  The  Cremaster  is  supplied  by  the  external  spermatic  branch 
of  the  genitofemoral  and  the  Pyramidalis  usually  by  the  twelfth  thoracic. 

The  Linea  Alba. — The  linea  alba  is  a  tendinous  raph£  in  the  middle  line  of  the  abdomen, 
stretching  between  the  xiphoid  process  and  the  symphysis  pubis.  It  is  placed  between  the  medial 
borders  of  the  Recti,  and  is  formed  by  the  blending  of  the  aponeuroses  of  the  Obliqui  and  Trans- 
versi.  It  is  narrow  below,  corresponding  to  the  linear  interval  existing  between  the  Recti;  but 
broader  above,  where  these  muscles  diverge  from  one  another.  At  its  lower  end  the  linea  alba 
has  a  double  attachment — its  superficial  fibers  passing  in  front  of  the  medial  heads  of  the  Recti 
to  the  symphysis  pubis,  while  its  deeper  fibers  form  a  triangular  lamella,  attached  behind  the 
Recti  to  the  posterior  lip  of  the  crest  of  the  pubis,  and  named  the  adminiculmn  linea  alba. 
It  presents  apertures  for  the  passage  of  vessels  and  nerves;  the  umbilicus,  which  in  the  fetus 
exists  as  an  aperture  and  transmits  the  umbilical  vessels,  is  closed  in  the  adult. 


Fio.  408. — Diagram  of  a  transverse  section  through  the  anterior  abdomina  wall,  below  the  linea  semicirculam 


The  Linea  Semilunares. — The  lineae  semilunares  are  two  curved  tendinous  lines  placed  one 
on  either  side  of  the  linea  alba.  Each  corresponds  with  the  lateral  border  of  the  Rectus,  extends 
from  the  cartilage  of  the  ninth  rib  to  the  pubic  tubercle,  and  is  formed  by  the  aponeurosis  of  the 
Obliquus  internus  at  its  line  of  division  to  enclose  the  Rectus,  reinforced  in  front  by  that  of  the 
Obliquus  externus,  and  behind  by  that  of  the  Transversus. 

Actions. — When  the  pelvis  and  thorax  are  fixed,  the  abdominal  muscles  compress  the  abdominal 
viscera  by  constricting  the  cavity  of  the  abdomen,  in  which  action  they  are  materially  assisted 
by  the  descent  of  the  diaphragm.  By  these  means  assistance  is  given  in  expelling  the  feces 
from  the  rectum,  the  urine  from  the  bladder,  the  fetus  from  the  uterus,  and  the  contents  of  the 
stomach  in  vomiting. 

If  the  pelvis  and  vertebral  column  be  fixed,  these  muscles  compress  the  lower  part  of  the  thorax, 
materially  assisting  expiration.  If  the  pelvis  alone  be  fixed,  the  thorax  is  bent  directly  forward, 
when  the  muscles  of  both  sides  act ;  when  the  muscles  of  only  one  side  contract,  the  trunk  is  bent 
toward  that  side  and  rotated  toward  the  opposite  side. 
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If  the  thorax  be  fixed,  the  muscles,  acting  together,  draw  the  pelvis  upward,  as  in  climbing; 
or,  acting  singly,  they  draw  the  pelvis  upward,  and  bend  the  vertebral  column  to  one  side  or  the 
other.  The  Recti,  acting  from  below,  depress  the  thorax,  and  consequently  flex  the  vertebral 
column ;  when  acting  from  above,  they  flex  the  pelvis  upon  the  vertebral  column.  The  Pyramidales 
are  tensors  of  the  linea  alba. 

The  Transversalis  Fascia. — The  transversalis  fascia  is  a  thin  aponeurotic  membrane 
which  lies  between  the  inner  surface  of  the  Transversus  and  the  extraperitoneal 
fat.  It  forms  part  of  the  general  layer  of  fascia  lining  the  abdominal  parietes,  and 
is  directly  continuous  with  the  iliac  and  pelvic  fasciae.  In  the  inguinal  region, 
the  transversalis  fascia  is  thick  and  dense  in  structure  and  is  joined  by  fibers  from 
the  aponeurosis  of  the  Transversus,  but  it  becomes  thin  as  it  ascends  to  the  dia¬ 
phragm,  and  blends  with  the  fascia  covering  the  under  surface  of  this  muscle. 
Behind ,  it  is  lost  in  the  fat  which  covers  the  posterior  surfaces  of  the  kidneys. 
Below ,  it  has  the  following  attachments:  posteriorly ,  to  the  whole  length  of  the  iliac 
crest,  between  the  attachments  of  the  Transversus  and  Iliacus;  between  the  ante¬ 
rior  superior  iliac  spine  and  the  femoral  vessels  it  is  connected  to  the  posterior 
margin  of  the  inguinal  ligament,  and  is  there  continuous  with  the  iliac  fascia. 
Medial  to  the  femoral  vessels  it  is  thin  and  attached  to  the  pubis  and  pectineal 
line,  behind  the  inguinal  aponeurotic  falx,  with  which  it  is  united;  it  descends  in 
front  ofthe  femoral  vessels  to  form  the  anterior  wall  of  the  femoral  sheath.  Beneath 
the  inguinal  ligament  it  is  strengthened  by  a  band  of  fibrous  tissue,  which  is  only 
loosely  connected  to  the  ligament,  and  is  specialized  as  the  deep  crural  arch.  The 
spermatic  cord  in  the  male  and  the  round  ligament  of  the  uterus  in  the  female 
pass  through  the  transversalis  fascia  at  a  spot  called  the  abdominal  inguinal  ring. 
This  opening  is  not  visible  externally,  since  the  transversalis  fascia  is  prolonged  on 
these  structures  as  the  infundibuliform  fascia. 

The  Abdominal  Inguinal  Ring  ( annulus  inguinalis  abdominis;  internal  or  deep 
abdominal  ring). — The  abdominal  inguinal  ring  is  situated  in  the  transversalis 
fascia,  midway  between  the  anterior  superior  iliac  spine  and  the  symphysis  pubis, 
and  about  1.25  cm.  above  the  inguinal  ligament  (Fig.  409).  It  is  of  an  oval  form, 
the  long  axis  of  the  oval  being  vertical;  it  varies  in  size  in  different  subjects,  and 
is  much  larger  in  the  male  than  in  the  female.  It  is  bounded,  above  and  laterally, 
by  the  arched  lower  margin  of  the  Transversus;  below  and  medially,  by  the  inferior 
epigastric  vessels.  It  transmits  the  spermatic  cord  in  the  male  and  the  round 
ligament  of  the  uterus  in  the  female.  From  its  circumference  a  thin  funnel-shaped 
membrane,  the  infundibuliform  fascia,  is  continued  around  the  cord  and  testis, 
enclosing  them  in  a  distinct  covering. 

The  Inguinal  Canal  (canalis  inguinalis;  spermatic  canal). — The  inguinal  canal 
contains  the  spermatic  cord  and  the  ilioinguinal  nerve  in  the  male,  and  the  round 
ligament  of  the  uterus  and  the  ilioinguinal  nerve  in  the  female.  It  is  an  oblique 
canal  about  4  cm.  long,  slanting  downward  and  medialward,  and  placed  parallel 
with  and  a  little  above  the  inguinal  ligament;  it  extends  from  the  abdominal 
inguinal  ring  to  the  subcutaneous  inguinal  ring.  It  is  bounded,  in  front ,  by  the 
integument  and  superficial  fascia,  by  the  aponeurosis  of  the  Obliquus  externus 
throughout  its  whole  length,  and  by  the  Obliquus  internus  in  its  lateral  third; 
behind,  by  the  reflected  inguinal  ligament,  the  inguinal  aponeurotic  falx,  the  trans¬ 
versalis  fascia,  the  extraperitoneal  connective  tissue  and  the  peritoneum;  above, 
by  the  arched  fibers  of  Obliquus  internus  and  Transversus  abdominis;  below,  by 
the  union  of  the  transversalis  fascia  with  the  inguinal  ligament,  and  at  its  medial 
end  by  the  lacunar  ligament. 

Extraperitoneal  Connective  Tissue. — Between  the  inner  surface  of  the  general 
layer  of  the  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic  cavities, 
and  the  peritoneum,  there  is  a  considerable  amount  of  connective  tissue,  termed 

the  extraperitoneal  or  subperitoneal  connective  tissue. 
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The  parietal  portion  lines  the  cavity,  in  varying  quantities  in  different  situations. 
It  is  especially  abundant  on  the  posterior  wall  of  the  abdomen,  and  particularly 
around  the  kidneys,  where  it  contains  much  fat.  On  the  anterior  wall  of  the  abdo- 
except  in  the  pubic  region,  and  on  the  lateral  wall  above  the  iliac  crest. 


men 

it  is  scanty,  and  here  the  transversalis  fascia  is  more  closely  connected  with  the 
peritoneum.  There  is  a  considerable  amount  of  extraperitoneal  connective  tissue 
in  the  pelvis. 

The  visceral  portion  follows  the  course  of  the  branches  of  the  abdominal  aorta 
between  the  layers  of  the  mesenteries  and  other  folds  of  peritoneum  which  connect 
the  various  viscera  to  the  abdominal  wall.  The  two  portions  are  directly  con¬ 
tinuous  with  each  other. 


Jbdominal  inguinal 
ring 


Inf.  tpigcwtno  ttrltty 


Fni.  409  ' The  abdominal  inguinal  nr**. 


The  Deep  Crural  Arch. — Curving  over  the  external  iliac  vessels,  at  the  spot  where 
they  become  femoral,  on  the  abdominal  side  of  the  inguinal  ligaments  and  loosely 
connected  with  it,  is  a  thickened  band  of  fibers  called  the  deep  crural  arch.  It 
is  apparently  a  thickening  of  the  transversalis  fascia  joined  laterally  to  the  center 
of  the  lower  margin  of  the  inguinal  ligament,  and  arching  across  the  front  of 
the  femoral  sheath  to  be  inserted  by  a  broad  attachment  into  the  pubic  tubercle 
and  pectineal  line,  behind  the  inguinal  aponeurotic  falx.  In  some  subjects  this 
structure  is  not  very  prominently  marked,  and  not  infrequently  it  is  altogether 
wanting. 

2.  The  Posterior  Muscles  of  the  Abdomen. 

Psoas  major.  Iliacus. 

Psoas  minor.  Quadratus  lumborum. 

The  Psoas  major,  the  Psoas  minor,  and  the  Iliacus,  with  the  fascia*  covering 
them,  will  be  described  with  the  muscles  of  the  lower  extremity  (see  page  4b7). 

The  Fascia  Covering  the  Quadratus  Lumborum. — This  is  a  thin  layer  attached, 
medially ,  to  the  bases  of  the  transverse  processes  of  the  lumbar  vertebra;  below. 
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to  the  iliolumbar  ligament;  above,  to  the  apex  and  lower  border  of  the  last  rib. 
The  upper  margin  of  this  fascia,  which  extends  from  the  transverse  process  of  the 
first  lumbar  vertebra  to  the  apex  and  lower  border  of  the  last  rib,  constitutes  the 
lateral  lumbocostal  arch  (page  406).  Laterally,  it  blends  with  the  lumbodorsal 
fascia,  the  anterior  layer  of  which  intervenes  between  the  Quadratus  lumborum 
and  the  Sacrospinalis. 

The  Quadratus  lumborum  (Fig.  397,  page  399)  is  irregularly  quadrilateral  in 
shape,  and  broader  below  than  above.  It  arises  by  aponeurotic  fibers  from  the 
iliolumbar  ligament  and  the  adjacent  portion  of  the  iliac  crest  for  about  5  cm., 
and  is  inserted  into  the  lower  border  of  the  last  rib  for  about  half  its  length,  and 
by  four  small  tendons  into  the  apices  of  the  transverse  processes  of  the  upper  four 
lumbar  vertebrae.  Occasionally  a  second  portion  of  this  muscle  is  found  in  front 
of  the  preceding.  It  arises  from  the  upper  borders  of  the  transverse  processes  of 
the  lower  three  or  four  lumbar  vertebrae,  and  is  inserted  into  the  lower  margin  of 
the  last  rib.  In  front  of  the  Quadratus  lumborum  are  the  colon,  the  kidney,  the 
Psoas  major  and  minor,  and  the  diaphragm;  between  the  fascia  and  the  muscle 
are  the  twelfth  thoracic,  ilioinguinal,  and  iliohypogastric  nerves. 

Variations. — The  number  of  attachments  to  the  vertebrae  and  the  extent  of  its  attachment  to 
the  last  rib  vary. 

Nerve  Supply. — The  twelfth  thoracic  and  first  and  second  lumbar  nerves  supply  this  muscle. 

Actions. — The  Quadratus  lumborum  draws  down  the  last  rib,  and  acts  as  a  muscle  of  inspira¬ 
tion  by  helping  to  fix  the  origin  of  the  diaphragm.  If  the  thorax  and  vertebral  column  are 
fixed,  it  may  act  upon  the  pelvis,  raising  it  toward  its  own  side  when  only  one  muscle  is  put  in 
action;  and  when  both  muscles  act  together,  either  from  below  or  above,  they  flex  the  trunk. 


V.  THE  MUSCLES  AND  FASCIAE  OF  THE  PELVIS. 

Obturator  interims.  Levator  ani. 

Piriformis.  Coccygeus. 

The  muscles  within  the  pelvis  may  be  divided  into  two  groups :  (1)  the  Obturator 
intemus  and  the  Piriformis,  which  are  muscles  of  the  lower  extremity,  and  will  be 
described  with  these  (pages  477  and  478) ;  (2)  the  Levator  ani  and  the  Coccygeus, 
which  together  form  the  pelvic  diaphragm  and  are  associated  with  the  pelvic  viscera. 
The  classification  of  the  two  groups  under  a  common  heading  is  convenient  in 
connection  with  the  fasciae  investing  the  muscles.  These  fasciae  are  closely  related 
to  one  another  and  to  the  deep  fascia  of  the  perineum,  and  in  addition  have  special 
connections  with  the  fibrous  coverings  of  the  pelvic  viscera;  it  is  customary  there¬ 
fore  to  describe  them  together  under  the  term  pelvic  fascia. 

Pelvic  Fascia. — The  fascia  of  the  pelvis  may  be  resolved  into:  (a)  the  fascial 
sheaths  of  the  Obturator  intemus,  Piriformis,  and  pelvic  diaphragm;  (6)  the 
fascia  associated  with  the  pelvic  viscera. 

The  fascia  of  the  Obturator  intemus  covers  the  pelvic  surface  of,  and  is  attached 
around  the  margin  of  the  origin  of,  the  muscle.  Above,  it  is  loosely  connected  to 
the  back  part  of  the  arcuate  line,  and  here  it  is  continuous  with  the  iliac  fascia. 
In  front  of  this,  as  it  follows  the  line  of  origin  of  the  Obturator  internus,  it  gradually 
separates  from  the  iliac  fascia  and  the  continuity  between  the  two  is  retained  only 
through  the  periosteum.  It  arches  beneath  the  obturator  vessels  and  nerve,  com¬ 
pleting  the  obturator  canal,  and  at  the  front  of  the  pelvis  is  attached  to  the  back 
of  the  superior  ramus  of  the  pubis.  Below,  the  obturator  fascia  is  attached  to  the 
falciform  process  of  the  sacrotuberous  ligament  and  to  the  pubic  arch,  where  it 
becomes  continuous  with  the  superior  fascia  of  the  urogenital  diaphragm.  Behind, 
it  is  prolonged  into  the  gluteal  region. 

The  internal  pudendal  vessels  and  pudendal  nerve  cross  the  pelvic  surface  of 
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the.  Obturator  -  interims  and  are  enclosed  in  a  special  canal—  Alcock’a  canal— 
formed  by  the  obturator  fascia. 

The  fascia  of  the  Piriionnia  is  very  thin  ami  La  attached  to  the  front  of  the  sacrum 
and  the  sides  of  the  greater  sdatie  foramen;  it  is  prolonged  on  the  muscle  into 
the  gluteal  region.  At  its  sacral  attachment  around  the  margins  of  the  anterior 
sacral  foramina  it  comes  into  intimate'  association  with  smi  eJixbeathe*  tlw 
nerves  emerging  from  these  foramina.  Renee  the  sacral  nerves  art*  frequently 
described  as  Tying  behind  the  fascia.  The  internal  like  vessels  and  their  branches, 
on  the  other  baud,  lie  in  the  subperitonen)  tissue  in  front  of  the-  fascia,  and  the 
branches  to  the  gluteal  region  emerge  in  special  sheaths  of  tfais  tissue,  above  and 
below  the  Piriformis  muscle. 


pfe:  Mm, 


JXriphtqgm* {  \V ,«■  r 

part  4  . 

j(7 


0a:  4 f U^C«»ixr«il  yeMtoti -rtf  peiVi*.  from  Imhiud. 


Levatores  aid.  The  inferior  layer  fo  known  as  the  «utt  fascia;  it  is  attached  above 
to  the  .obturator fascia  along  the  line' of  origin  of  the  Levator  ani,  while  below  it 
is  continuous  with  the  superior  fascia  of  the  urogenitot  diaphragm,  and  with  the 
fascia  on  tlie  Sphincter  gtii  mternus.  The  layer  covering  the  upper  surface  of  the 
pelvic*  di#hiitgt&  the  line  of  prigrtMif  the  |^v%tor  api  attd  tgytfefcjBk 

fpre.'Mmewhat  'Vwabie.;*-.  •!»'  .front  it  is  attached  to  the  jboek  of  the  symphysis 
pubk  about  2  ent,  above  its  lower  border.  It  can  then  be  traced  laterally  across 
the  back  of  che  stipcrior  ramiis  of  the  pubk  for  &  distance.  of  shout  l.do  cm.,  when 
it. -reaches-  the  obturator  fascia.  It.  is  attached  to  thia  fascia  along  a  One  which 
pursues  a  somewhat  irregular  course  to  the  spine  of  the  ischium,  The  irregularity 
of  tiiis  line  is  due  to  the  fact  that  the  'origin  of  the  Levator  tub,  which  in  tower 
forms  is  from  the  pelvic  brim,,  is,  in  man  lower  down,  on  the  obturator  fa  seta. 
Tendinous  fibers  of  origin  of  the  muscle  r<tre  therefore  often  found  e.vtetidiog  up 
toward,  and  in  some  eases  reaching,  the  pelvic -brim,  and  on  these  the  fascia  is 
carried. 

If  will  be  evident  that  the  fascia  covering  that  part  of  the  Obturator  interims 
which  lies  above  the  origin  of  the  Levator  ani  is  a  composite  fascia  and  includes 
the  following:  Hi)  the  obturator  fascia;  (6)  the  fascia  of  the  Levator  a,hi;  (d> 
degenerated  fibers  of  origiu  of  the  LtiVfttor  an]. 
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is  attached -along  the  line .'wf -insertion  uf  the  Levator  fin); 

At  the  level  of  a-.Jjne  extending  from  the  lower  ptat  of  the  symphysis  pubis 
to  the  spine  of  the  isehlftta  is  a  thiekwjed  -whitish  hand  -in  this  tipper layer  of  the 
diaphragmatic  part  of  the  pelvic  fascia,  it  is  termed  the  tendinews  arch  or  white 
line  of  the  petvic  fascia,  aiul  niarks  the  line  of  attachment  of  the  special  fascia 
(pars  endopekina  fcwcifF  pehk)  which  is  associated  with  the  pelvic  viscera. 
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The  endopelvic  part  of  the  pelvic  fascia,  is  conturapd  over  the  various  pelvic 
xWrf*  i  Fig.  All;  to  form  for  them  Shrews  coverings  which  will  bedescribed  later 
(see  section  on  Splanchnology),  It  is  attached  to  the  diaphragmatic  part  of  the 
pelvic  fascia  along  the  tendmous  arch,  and  lists  been  subdivided  in  accordance 
with  the  viscera  to  which  it  ta  related.  Thus  its  aptiKnor  part,  known  As.  the  vesical 
i*yer,  forms  the  anterior  a«d  lAttiral  IsgAMieirfe  of  the  bladder.  Its  middle  part 
crosses  die.  floor  of  the  pelvis  lictvveej.' tire  rectum  and  vesieuhe  senuualcs  as  the 
rectovesical  layer;  in  the  female  this  is  perforated  by  the  vagina.  Its  posterior 
portion  passes  to  the  side  of  the  rcHiim;  it  forms  a.  loose  .death  for  the  rectum, 
but  is  firmly  attached  around  the  anal  caiwl;  tM# ,  pprtiou  is  known  as  the  rectal 
layer. 

The  Levator  ani  (Fig.  4 12)  is  h  broad,  thiil  taiisclev  situated  Oii  the  sole  of  the 
pelvis.  It  is  attached  to  the  inner  surface  of  the  side  of  the  losxr  pelvis.  And  unites 
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with  its  fellow’  of  the  opposite  side  to  form  the  greater  part  of  the  floor  of  the  pelvic 
cavity.  It  supports  the  viscera  in  this  cavity,  and  surrounds  the  various  structures 
which  pass  through  it.  It  arises,  in  front,  from  the  posterior  surface  of  the  superior 
ramus  of  the  pubis  lateral  to  the  symphysis;  behind,  from  the  inner  surface  of  the 
spine  of  the  ischium;  and  between  these  two  points,  from  the  obturator  fascia. 
Posteriorly,  this  fascial  origin  corresponds,  more  or  less  closely,  with  the  tendinous 
arch  of  the  pelvic  fascia,  but  in  front,  the  muscle  arises  from  the  fascia  at  a  vary¬ 
ing  distance  above  the  arch,  in  some  cases  reaching  nearly  as  high  as  the  canal 
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for  the  obturator  vessels  anti  nerve.  The  fibers  pass  downward  and  backward 
to  the  middle  line  of  the  floor  of  the  pelvis;  the  most  posterior  are  inserted  into  the 
side  of  the  last  two  segments  of  the  coccyx;  those  placed  more  anteriorly  unite 
with  the  muscle  of  the  opposite  side,  in  a  median  fibrous  raphe  (anococcygeal 
raph6)t  which  extends  between  the  coccyx  and  the  margin  of  the  anus.  The  middle 
fibers  are  inserted  into  the  side  of  the  rectum,  blending  with  the  fibers  of  the 
Sphincter  muscles;  lastly,  the  anterior  fibers  descend  upon  the  side  of  the  prostate 
to  unite  beneath  it  with  the  muscle  of  the  opposite  side,  joining  w  ith  the  fibers  of 
the  Sphincter  ani  externus  and  Transversus  perimei,  at  the  central  tendinous  point 
of  the  perineum. 
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The  anterior  portion  is  occasionally  separated  from  the  rest  of  the  muscle  by 
connective  tissue.  From  this  circumstance,  as  well  as  from  its  peculiar  relation 
with  the  prostate,  which  it  supports  as  in  a  sling,  it  has  been  described  as  a  distinct 
muscle,  under  the  name  of  Levator  prostatas.  In  the  female  the  anterior  fibers  of 
the  Levator  ani  descend  upon  the  side  of  the  vagina. 

The  Levator  ani  may  be  divided  into  iliococcygeal  and  pubococcygeal  parts. 

The  Iliococcygeus  arises  from  the  ischial  spine  and  from  the  posterior  part  of  the  tendinous 
arch  of  the  pelvic  fascia,  and  is  attached  to  the  coccyx  and  anococcygeal  raph4;  it  is  usually  thin, 
and  may  fail  entirely,  or  be  largely  replaced  by  fibrous  tissue.  An  accessory  slip  at  its  posterior 
part  is  sometimes  named  the  Iliosacralis.  The  Pubococcygeus  arises  from  the  back  of  the  pubis 
and  from  the  anterior  part  of  the  obturator  fascia,  and  “is  directed  backward  almost  horizontally 
along  the  side  of  the  anal  canal  toward  the  coccyx  and  sacrum,  to  which  it  finds  attachment. 
Between  the  termination  of  the  vertebral  column  and  the  anus,  the  two  Pubococcygei  muscles 
come  together  and  form  a  thick,  fibromuscular  layer  lying  on  the  raphd  formed  by  the  Iliococcygei” 
(Peter  Thompson).  The  greater  part  of  this  muscle  is  inserted  into  the  coccyx  and  into  the  last 
one  or  two  pieces  of  the  sacrum.  This  insertion  into  the  vertebral  column  is,  however,  not 
admitted  by  all  observers.  The  fibers  which  form  a  sling  for  the  rectum  are  named  the  Pubo- 
rectalis  or  Sphincter  recti.  They  arise  from  the  lower  part  of  the  symphysis  pubis,  and  from  the 
superior  fascia  of  the  urogenital  diaphragm.  They  meet  with  the  corresponding  fibers  of  the 
opposite  side  around  the  lower  part  of  the  rectum,  and  form  for  it  a  strong  sling. 

Nerve  Supply. — The  Levator  ani  is  supplied  by  a  branch  from  the  fourth  sacral  nerve  and 
by  a  branch  which  is  sometimes  derived  from  the  perineal,  sometimes  from  the  inferior  hemor¬ 
rhoidal  division,  of  the  pudendal  nerve. 

The  Coccygeus  (Fig.  412)  is  situated  behind  the  preceding.  It  is  a  triangular 
plane  of  muscular  and  tendinous  fibers,  arising  by  its  apex  from  the  spine  of  the 
ischium  and  sacrospinous  ligament,  and  inserted  by  its  base  into  the  margin  of  the 
coccyx  and  into  the  side  of  the  lowest  piece  of  the  sacrum.  It  assists  the  Levator 
ani  and  Piriformis  in  closing  in  the  back  part  of  the  outlet  of  the  pelvis. 

Nerve  Supply. — The  Coccygeus  is  supplied  by  a  branch  from  the  fourth  and  fifth  sacral  nerves. 

Actions. — The  Levatores  ani  constrict  the  lower  end  of  the  rectum  and  vagina.  They  elevate 
and  invert  the  lower  end  of  the  rectum  after  it  has  been  protruded  and  everted  during  the  expul¬ 
sion  of  the  feces.  They  are  also  muscles  of  forced  expiration.  The  Coccygei  pull  forward  and 
support  the  coccyx,  after  it  has  been  pressed  backward  during  defecation  or  parturition.  The 
Levatores  ani  and  Coccygei  together  form  a  muscular  diaphragm  which  supports  the  pelvic 
viscera. 


VI.  THE  MUSCLES  AND  FASCUE  OF  THE  PERINEUM. 

The  perineum  corresponds  to  the  outlet  of  the  pelvis.  Its  deep  boundaries 
are— in  front,  the  pubic  arch  and  the  arcuate  ligament  of  the  pubis;  behind ,  the  tip 
of  the  coccyx;  and  on  either  side  the  inferior  rami  of  the  pubis  and  ischium,  and  the 
saerotuberous  ligament.  The  space  is  somewhat  lozenge-shaped  and  is  limited 
on  the  surface  of  the  body  by  the  scrotum  in  front,  by  the  buttocks  behind,  and 
laterally  by  the  medial  side  of  the  thigh.  A  line  drawn  transversely  across  in 
front  of  the  ischial  tuberosities  divides  the  space  into  two  portions.  The  pos¬ 
terior  contains  the  termination  of  the  anal  canal  and  is  known  as  the  anal  region; 
the  anterior,  which  contains  the  external  urogenital  organs,  is  termed  the  urogenital 
region. 

The  muscles  of  the  perineum  may  therefore  be  divided  into  two  groups: 

1.  Those  of  the  anal  region. 

2.  Those  of  the  urogenital  region:  a,  In  the  male;  b,  In  the  female. 

1.  Tfie  Muscles  of  the  Anal  Region. 

Corrugator  cutis  ani.  Sphincter  ani  externus.  Sphincter  ani  internus. 

The  Superficial  Fascia. — The  superficial  fascia  is  very  thick,  areolar  in  texture, 
and  contains  much  fat  in  its  meshes.  On  either  side  a  pad  of  fatty  tissue  extends 
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deeply  between  the  Levator  ani  and  Obturator  interims  into  a  space  known  as  the 

ischiorectal  fossa. 

The  Deep  Fascia. — The  deep  fascia  forms  the  lining  of  the  ischiorectal  fossa; 
it  comprises  the  anal  fascia,  and  the  portion  of  obturator  fascia  below  the  origin 
of  Levator  ani. 

Ischiorectal  Fossa  (fossa  isckiorectalis)  (Fig.  413). — The  fossa  is  somewhat  pris¬ 
matic  in  shape,  with  its  base  directed  to  the  surface  of  the  perineum,  and  its  apex 
at  the  line  of  meeting  of  the  obturator  and  anal  fasciae.  It  is  bounded  medially 
by  the  Sphincter  ani  externus  and  the  anal  fascia;  laterally,  by  the  tuberosity  of 
the  ischium  and  the  obturator  fascia;  anteriorly ,  by  the  fascia  of  Colies  covering 
the  Transversus  perina?i  superficialis,  and  by  the  inferior  fascia  of  the  urogenital 
diaphragm;  posteriorly ,  by  the  Gluteus  maximus  and  the  sacrotuberous  ligament. 
Crossing  the  space  transversely  are  the  inferior  hemorrhoidal  vessels  and  nerves; 


Fiu.  413. — The  perineum.  The  integument  and  superficial  layer  of  Superficial  faacia  reflected. 


at  the  back  part  are  the  perineal  and  perforating  cutaneous  branches  of  the 
pudendal  plexus;  while  from  the  forepart  the  posterior  scrotal  (or  labial)  vessels 
and  nerves  emerge.  The  internal  pudendal  vessels  and  pudendal  nerve  lie  in 
AJcock’s  canal  on  the  lateral  wall.  The  fossa  is  filled  with  fatty  tissue  across 
which  numerous  fibrous  bands  extend  from  side  to  side. 

The  Corrugator  Cutis  Am.— Around  the  anus  is  a  thin  stratum  of  involuntary 
muscular  fiber,  which  radiates  from  the  orifice.  Medially  the  fibers  fade  off  into 
the  submucous  tissue,  while  laterally  they  blend  with  the  true  skin.  By  its  contrac¬ 
tion  it  raises  the  skin  into  ridges  around  the  margin  of  the  anus. 

The  Sphincter  ani  externus  (External,  sphincter  ani )  (Fig  413)  is  a  fiat  plane 
of  muscular  fibers,  elliptical  in  shape  and  intimately  adherent  to  the  integument 
surrounding  the  margin  of  the  anus.  It  measures  about  8  to  10  cm.  in  length,  from 
its  anterior  to  its  posterior  extremity,  and  is  about  2.5  cm.  broad  opposite  the 
anus.  It  consists  of  two  strata,  superficial  and  deep.  The  superficial ,  constituting 
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the  main  portion  of  the  muscle,  arises  from  a  narrow  tendinous  band,  the  anococcy¬ 
geal  raphd,  which  stretches  from  the  tip  of  the  coccyx  to  the  posterior  margin  of 
the  anus;  it  forms  two  flattened  planes  of  muscular  tissue,  which  encircle  the  anus 
and  meet  in  front  to  be  inserted  into  the  central  tendinous  point  of  the  perineum, 
joining  with  the  Transversus  perinaei  superficialis,  the  Levator  ani,  and  the  Bul- 
bocavemosus.  The  deeper  portion  forms  a  complete  sphincter  to  the  anal  canal. 
Its  fibers  surround  the  canal,  closely  applied  to  the  Sphincter  ani  internus,  and  in 
front  blend  with  the  other  muscles  at  the  central  point  of  the  perineum.  In  a 
considerable  proportion  of  cases  the  fibers  decussate  in  front  of  the  anus,  and  are 
continuous  with  the  Transversi  perinaei  superficiales.  Posteriorly,  they  are  not 
attached  to  the  coccyx,  but  are  continuous  with  those  of  the  opposite  side  behind 
the  anal  canal.  The  upper  edge  of  the  muscle  is  ill-defined,  since  fibers  are  given 
off  from  it  to  join  the  Levator  ani. 

Nerve  Supply. — A  branch  from  the  fourth  sacral  and  twigs  from  the  inferior  hemorrhoidal 
branch  of  the  pudendal  supply  the  muscle. 

Actions. — The  action  of  this  muscle  is  peculiar.  (1)  It  is,  like  other  muscles,  always  in  a  state 
of  tonic  contraction,  and  having  no  antagonistic  muscle  it  keeps  the  anal  canal  and  orifice  closed. 

(2)  It  can  be  put  into  a  condition  of  greater  contraction  under  the  influence  of  the  will,  so  as 
more  firmly  to  occlude  the  anal  aperture,  in  expiratory  efforts  unconnected  with  defecation. 

(3)  Taking  its  fixed  point  at  the  coccyx,  it  helps  to  fix  the  central  point  of  the  perineum,  so  that 
the  Bulbocavernosus  may  act  from  this  fixed  point. 

The  Sphincter  ani  internus  ( Internal  sphincter  ani)  is  a  muscular  ring  which 
surrounds  about  2.5  cm.  of  the  anal  canal;  its  inferior  border  is  in  contact  with, 
but  quite  separate  from,  the  Sphincter  ani  externus.  It  is  about  5  mm.  thick,  and 
is  formed  by  an  aggregation  of  the  involuntary  circular  fibers  of  the  intestine. 
Its  lower  border  is  about  6  mm.  from  the  orifice  of  the  anus. 

Actions. — Its  action  is  entirely  involuntary.  It  helps  the  Sphincter  ani  externus  to  occlude 
the  anal  aperture  and  aids  in  the  expulsion  of  the  feces. 

2.  a.  The  Muscles  of  the  Urogenital  Region  in  the  Male  (Fig.  414). 

Transversus  perinaei  superficialis.  Ischiocavernosus. 

Bulbocavernosus.  Transversus  perinaei  profundus. 

Sphincter  urethrae  membranaceae. 

Superficial  Fascia. — The  superficial  fascia  of  this  region  consists  of  two  layers, 
superficial  and  deep. 

The  superficial  layer  is  thick,  loose,  areolar  in  texture,  and  contains  in  its  meshes 
much  adipose  tissue,  the  amount  of  which  varies  in  different  subjects.  In  front, 
it  is  continuous  with  the  dartos  tunic  of  the  scrotum;  behind ,  with  the  subcuta¬ 
neous  areolar  tissue  surrounding  the  anus;  and,  on  either  side ,  with  the  same  fascia 
on  the  inner  sides  of  the  thighs.  In  the  middle  line ,  it  is  adherent  to  the  skin  on 
the  raphe  and  to  the  deep  layer  of  the  superficial  fascia. 

The  deep  layer  of  superficial  fascia  ( fascia  of  Colles)  (Fig.  413)  is  thin,  aponeurotic 
in  structure,  and  of  considerable  strength,  serving  to  bind  down  the  muscles  of 
the  root  of  the  penis.  It  is  continuous,  in  front ,  with  the  dartos  tunic,*  the  deep 
fascia  of  the  penis,  the  fascia  of  the  spermatic  cord,  and  Scarpa’s  fascia  upon  the 
anterior  wall  of  the  abdomen;  on  either  side  it  is  firmly  attached  to  the  margins 
of  the  rami  of  the  pubis  and  ischium,  lateral  to  the  crus  penis  and  as  far  back  as 
the  tuberosity  of  the  ischium;  posteriorly ,  it  curves  around  the  Transversi  perinaei 
superficiales  to  join  the  lowrer  margin  of  the  inferior  fascia  of  the  urogenital  dia¬ 
phragm.  In  the  middle  line ,  it  is  connected  with  the  superficial  fascia  and  with  the 
median  septum  of  the  Bulbocavernosus.  This  fascia  not  only  covers  the  muscles 
in  this  region,  but  at  its  back  part  sends  upward  a  vertical  septum  from  its  deep 
surface,  which  separates  the  posterior  portion  of  the  subjacent  space  into  two. 


I 


The  Central  Tendinous  Point  of  the  Perineum. — This  is  a  fibrous  point  in  the  middle 
line  of  the  perineum,  between  the  urethra  and  anus,  and  about  1.25  cm.  in  front 
of  the  latter, 


At  this  point  six  muscles  converge  and  are  attached:  viz.,  the 
Sphincter  ani  externus,  the  Bulbocavernosus,  the  two  Transversi  perimei  super- 
fieiales,  and  the  anterior  fibers  of  the  Levatores  ani. 


U //.'<•  I  j 


Fig.  414, — Muscle*  of  male perineum. 


The  Transversus  perimei  superficial! s  (Transfers us  pennant;  Superficial  transverse 
perineal  muscle)  is  a  narrow  muscular  slip,  which  passes  more  or  less  transversely 
across  the  perineal  space  in  front  of  the  anus.  It  arises  by  tendinous  fibers  from 
the  inner  and  forepart  of  the  tuberosity  of  the  ischium,  and,  running  medial  ward, 
is  inserted  into  the  central  tendinous  point  of  the  perineum,  joining  in  this  situa¬ 
tion  with  the  muscle  of  the  opposite  side,  with  the  Sphincter  ani  externus  behind, 
and  with  the  Bulbocavernosus  in  front.  In  some  cases,  the  fibers  of  the  deeper 
layer  of  the  Sphincter  ani  externus  decussate  in  front  of  the  anus  and  are  con¬ 
tinued  into  this  muscle.  Occasionally  it  gives  off  fibers,  which  join  with  the 
Bulbocavernosus  of  the  same  side. 

Variations  are-  numerous.  It,  may  be  absent  or  double,  or  insert  into  Bulbocavernosus  or 
External  sphincter 
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Actions. — The  simultaneous  contraction  of  the  two  muscles  serves  to  fix  the  central  tendinous 
point  of  the  perineum. 

The  Bulbocavemosus  ( Ejaculator  urine?  ;  Accelerator  urine?)  is  placed  in  the 
middle  line  of  the  perineum,  in  front  of  the  anus.  It  consists  of  two  symmetrical 
parts,  united  along  the  median  line  by  a  tendinous  raph6.  It  arises  from  the  cen¬ 
tral  tendinous  point  of  the  perineum  and  from  the  median  raphe  in  front.  Its 
fibers  diverge  like  the  barbs  of  a  quill-pen;  the  most  posterior  form  a  thin  layer, 
which  is  lost  on  the  inferior  fascia  of  the  urogenital  diaphragm;  the  middle  fibers 
encircle  the  bulb  and  adjacent  parts,  of  the  corpus  cavernosum  urethrae,  and  join 
with  the  fibers  of  the  opposite  side,  on  the  upper  part  of  the  corpus  cavernosum 
urethrae,  in  a  strong  aponeurosis;  the  anterior  fibers,  spread  out  over  the  side 
of  the  corpus  cavernosum  penis,  to  be  inserted  partly  into  that  body,  anterior  to 
the  Ischiocavernosus,  occasionally  extending  to  the  pubis,  and  partly  ending  in  a 
tendinous  expansion  which  covers  the  dorsal  vessels  of  the  penis.  The  latter 
fibers  are  best  seen  by  dividing  the  muscle  longitudinally,  and  reflecting  it  from 
the  surface  of  the  corpus  cavernosum  urethrae. 

Actions. — This  muscle  serves  to  empty  the  canal  of  the  urethra,  after  the  bladder  has  expelled 
its  contents;  during  the  greater  part  of  the  act  of  micturition  its  fibers  are  relaxed,  and  it  only 
comes  into  action  at  the  end  of  the  process.  The  middle  fibers  are  supposed  by  Krause  to  assist 
in  the  erection  of  the  corpus  cavernosum  urethrae,  by  compressing  the  erectile  tissue  of  the  bulb. 
The  anterior  fibers,  according  to  Tyrrel,  also  contribute  to  the  erection  of  the  penis  by  compressing 
the  deep  dorsal  vein  of  the  penis  as  they  are  inserted  into,  and  continuous  with,  the  fascia  of  the 
penis. 

The  Ischiocavernosus  ( Erector  penis)  covers  the  crus  penis.  It  is  an  elongated 
muscle,  broader  in  the  middle  than  at  either  end,  and  situated  on  the  lateral  bound¬ 
ary  of  the  perineum.  It  arises  by  tendinous  and  fleshy  fibers  from  the  inner  sur¬ 
face  of  the  tuberosity  of  the  ischium,  behind  the  crus  penis;  and  from  the  rami  of 
the  pubis  and  ischium  on  either  side  of  the  crus.  From  these  points  fleshy  fibers 
succeed,  and  end  in  an  aponeurosis  which  is  inserted  into  the  sides  and  under 
surface  of  the  crus  penis. 

Action. — The  Ischiocavernosus  compresses  the  crus  penis,  and  retards  the  return  of  the  blood 
through  the  veins,  and  thus  serves  to  maintain  the  organ  erect. 

Between  the  muscles  just  examined  a  triangular  space  exists,  bounded  medially  by  the  Bulbo- 
cavernosus,  laterally  by  the  Ischiocavernosus,  and  behind  by  the  Transversus  perinsei  super- 
fieialis;  the  floor  is  formed  by  the  inferior  fascia  of  the  urogenital  diaphragm.  Running  from 
behind  forward  in  the  space  are  the  posterior  scrotal  vessels  and  nerves,  and  the  perineal  branch 
of  the  posterior  femoral  cutaneous  nerve;  the  transverse  perineal  artery  courses  along  its  posterior 
Doundary  on  the  Transversus  perinoei  superficial  is. 

The  Deep  Fascia. — The  deep  fascia  of  the  urogenital  region  forms  an  investment 
for  the  Transversus  perinaei  profundus  and  the  Sphincter  urethne  membranaceae, 
but  within  it  lie  also  the  deep  vessels  and  nerves  of  this  part,  the  whole  forming  a 
transverse  septum  which  is  known  as  the  urogenital  diaphragm.  From  its  shape 
it  is  usually  termed  the  triangular  ligament,  and  is  stretched  almost  horizontally 
across  the  pubic  arch,  so  as  to  close  in  the  front  part  of  the  outlet  of  the  pelvis. 
It  consists  of  two  dense  membranous  laminae  (Fig.  415),  which  are  united  along 
their  posterior  borders,  but  are  separated  in  front  by  intervening  structures.  The 
superficial  of  these  two  layers,  the  inferior  fascia  of  the  urogenital  diaphragm,  is  tri¬ 
angular  in  shape,  and  about  4  cm.  in  depth.  Its  apex  is  directed  forward,  and  is 
separated  from  the  arcuate  pubic  ligament  by  an  oval  opening  for  the  transmission 
of  the  deep  dorsal  vein  of  the  penis.  Its  lateral  margins  are  attached  on  either  side 
to  the  inferior  rami  of  the  pubis  and  ischium,  above  the  crus  penis.  Its  base  is 
directed  toward  the  rectum,  and  connected  to  the  central  tendinous  point  of  the 
perineum.  It  is  continuous  with  the  deep  layer  of  the  superficial  fascia  behind  the 
Transversus  perinaei  superficialis,  and  with  the  inferior  layer  of  the  diaphragmatic 
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part  of  the  pelvic  fascia.  It  is  perforated,  about  2.5  cm.  below  the  symphysis 
pubis,  by  the  urethra,  the  aperture  for  which  is  circular  and  about  6  mm.  in  diameter 
by  the  arteries  to  the  bulb  and  the  ducts  of  the  bulbourethral  glands  close  to  the 
urethral  orifice;  by  the  deep  arteries  of  the  penis,  one  on  either  side  dose  to  the 
pubic  arch  and  about  halfway  along  the  attached  margin  of  the  fascia;  by  the  dorsal 
arteries  and  nerves  of  the  penis  near  the  apex  of  the  fascia.  Its  base  is  also  perfor¬ 
ated  by  the  perineal  vessels  and  nerves,  while  between  its  apex  and  the  arcuate 
pubic  ligament  the  deep  dorsal  vein  of  the  penis  passes  upward  into  the  pelvis. 

If  the  inferior  fascia  of  the  urogenital  diaphragm  be  detached  on  either  side, 
the  following  structures  will  be  seen  between  it  and  the  superior  fascia:  the  deep 
dorsal  vein  of  the  penis;  the  membranous  portion  of  the  urethra;  the  Transversus 
perinsei  profundus  and  Sphincter  urethra?  membranaceae  muscles;  the  bulbo¬ 
urethral  glands  and  their  ducts;  the  pudendal  vessels  and  dorsal  nerves  of  the  penis; 
the  arteries  and  nerves  of  the  urethral  bulb,  and  a  plexus  of  veins. 


f’lc*.  415.  — Coronal  section  of  anterior  part  of  pelvis,  through  the  pubic  arch.  Seen  from  in  front.  (Diagrammatic.) 

The  superior  fascia  of  the  urogenital  diaphragm  is  continuous  with  the  obturator 
fascia  and  stretches  across  the  pubic  arch.  If  the  obturator  fascia  be  traced  medially 
after  leaving  the  Obturator  internus  muscle,  it  will  be  found  attached  by  some  of 
its  deeper  or  anterior  fibers  to  the  inner  margin  of  the  pubic  arch,  while  its  super¬ 
ficial  or  posterior  fibers  pass  over  this  attachment  to  become  continuous  with  the 
superior  fascia  of  the  urogenital  diaphragm.  Behind,  this  layer  of  the  fascia  is 
continuous  with  the  inferior  fascia  and  with  the  fascia  of  Colies;  in  front  it  is  con¬ 
tinuous  with  the  fascial  sheath  of  the  prostate,  and  is  fused  with  the  inferior  fascia 
to  form  the  transverse  ligament  of  the  pelvis. 

The  Transversus  perinaei  profundus  arises  from  the  inferior  rami  of  the  ischium 
and  runs  to  the  median  line,  where  it  interlaces  in  a  tendinous  raphe  with  its  fellow 
of  the  opposite  side.  It  lies  in  the  same  plane  as  the  Sphincter  urethra*  metnbran- 
acetc;  formerly  the  two  muscles  were  described  together  as  the  Constrictor  urethrae. 

The  Sphincter  urethrae  membranaceae  surrounds  the  whole  length  of  the  mem¬ 
branous  portion  of  the  urethra,  and  is  enclosed  in  the  fascite  of  the  urogenital  dia¬ 
phragm.  Its  external  fibers  arise  from  the  junction  of  the  inferior  rami  of  the  pubis 
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and  ischium  to  the  extent  of  1.25  to  2  cm.,  and  from  the  neighboring  fasciae. 
They  arch  across  the  front  of  the  urethra  and  bulbourethral  glands,  pass  around 
the  urethra,  and  behind  it  unite  with  the  muscle  of  the  opposite  side,  by  means 
of  a  tendinous  raph6.  Its  innermost  fibers  form  a  continuous  circular  investment 
for  the  membranous  urethra. 

None  Supply. — The  perineal  branch  of  the  pudendal  nerve  supplies  this  group  of  muscles. 

Actions. — The  muscles  of  both  sides  act  together  as  a  sphincter,  compressing  the  membranous 
portion  of  the  urethra.  During  the  transmission  of  fluids  they,  like  the  Bulbocavemosus,  are 
relaxed,  and  only  come  into  action  at  the  end  of  the  process  to  eject  the  last  drops  of  the  fluid. 

2.  b.  The  Muscles  of  the  Urogenital  Region  in  the  Female  (Fig.  416). 

Transversus  perinaei  superficialis.  Ischiocavernosus. 

Bulbocavernosus.  Transversus  perinaei  profundus. 

Sphincter  urethrae  membranac eae. 

The  Transversus  perinaei  superficialis  ( Transversus  penned;  Superficial  trans¬ 
verse  perineal  muscle)  in  the  female  is  a  narrow  muscular  slip,  which  arises  by  a 
small  tendon  from  the  inner  and  forepart  of  the  tuberosity  of  the  ischium,  and 
is  inserted  into  the  central  tendinous  point  of  the  perineum,  joining  in  this  situa¬ 
tion  with  the  muscle  of  the  opposite  side,  the  Sphincter  ani  externus  behind,  and 
the  Bulbocavernosus  in  front. 

Action. — The  simultaneous  contraction  of  the  two  muscles  serves  to  fix  the  central  tendinous 
point  of  the  perineum. 

The  Bulbocavernosus  {Sphincter  vaginae)  surrounds  the  orifice  of  the  vagina. 
It  covers  the  lateral  parts  of  the  vestibular  bulbs,  and  is  attached  posteriorly 
to  the  central  tendinous  point  of  the  perineum,  where  it  blends  with  the  Sphincter 
ani  externus.  Its  fibers  pass  forward  on  either  side  of  the  vagina  to  be  inserted 
into  the  corpora  cavernosa  clitoridis,  a  fasciculus  crossing  over  the  body  of  the 
organ  so  as  to  compress  the  deep  dorsal  vein. 

Actions. — The  Bulbocavemosus  diminishes  the  orifice  of  the  vagina.  The  anterior  fibers 
contribute  to  the  erection  of  the  clitoris,  as  they  are  inserted  into  and  are  continuous  with  the 
fascia  of  the  clitoris,  compressing  the  deep  dorsal  vein  during  the  contraction  of  the  muscle. 

The  Ischiocavernosus  {Erector  clitoridis)  is  smaller  than  the  corresponding 
muscle  in  the  male.  It  covers  the  unattached  surface  of  the  crus  clitoridis.  It  is 
an  elongated  muscle,  broader  at  the  middle  than  at  either  end,  and  situated  on 
the  side  of  the  lateral  boundary  of  the  perineum.  It  arises  by  tendinous  and  fleshy 
fibers  from  the  inner  surface  of  the  tuberosity  of  the  ischium,  behind  the  crus 
ditoridis;  from  the  surface  of  the  crus;  and  from  the  adjacent  portion  of  the  ramus 
of  the  ischium.  From  these  points  fleshy  fibers  succeed,  and  end  in  an  aponeurosis, 
which  is  inserted  into  the  sides  and  under  surface  of  the  crus  clitoridis. 

Actions. — The  Ischiocavernosus  compresses  the  crus  clitoridis  and  retards  the  return  of  blood 
through  the  veins,  and  thus  serves  to  maintain  the  organ  erect. 

The  fascia  of  the  urogenital  diaphragm  in  the  female  is  not  so  strong  as  in  the 
male.  It  is  attached  to  the  pubic  arch,  its  apex  being  connected  with  the  arcuate 
pubic  ligament.  It  is  divided  in  the  middle  line  by  the  aperture  of  the  vagina, 
with  the  external  coat  of  which  it  becomes  blended,  and  in  front  of  this  is  perfor¬ 
ated  by  the  urethra.  Its  posterior  border  is  continuous,  as  in  the  male,  with  the 
deep  layer  of  the  superficial  fascia  around  the  Transversus  perinaei  superficialis. 

Like  the  corresponding  fascia  in  the  male,  it  consists  of  two  layers,  between 
which  are  to  be  found  the  following  structures:  the  deep  dorsal  vein  of  the  clitoris, 
a  portion  of  the  urethra  and  the  Constrictor  urethra  muscle,  the  larger  vestibular 
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glands  and  their  duets;  the  internal  pudendal  vessels  and  the  dorsal  nerves  of  the 
clitoris;  the  arteries  and  nerves  of  the  bulbi  vestihuli,  and  a  plexus  of  veins. 

The  Transversus  perinaei  profundus  arise s  from  the  inferior  rami  of  the  ischium 
and  runs  across  to  the  side  of  the  vagina.  The  Sphincter  urethra?  membra nacea? 
( Constrictor  urethra ),  like  the  corresponding  muscle  on  the  male,  consists  of  external 


Clitoris 


Sphincter  ani  extemus 

Fig  ik;, — Muscles  of  the  female  perineum.  (Modified  from  a  drawing  by  Peter  Thompson.) 


and  internal  fibers.  The  external  fibers  arise  on  either  side  from  the  margin  of  the 
inferior  ramus  of  the  pubis.  They  are  directed  across  the  pubic  arch  in  front  of 
the  urethra,  and  pass  around  it  to  blend  with  the  muscular  fibers  of  the  opposite 
side,  between  the  urethra  and  vagina.  The  innermost  fibers  encircle  the  lower  end 
of  the  urethra. 

Nerve  Supply. — The  muscles  of  this  group  ore  supplied  by  the  perineal  branch  of  the  pudendal. 


THE  MUSCLES  AND  FASCLffi  OF  THE  UPPER  EXTREMITY. 


The  muscles  of  the  upper  extremity  are  divisible  into  groups,  corresponding 
wdth  the  different  regions  of  the  limb. 

I.  Muscles  Connecting  the  Upper  Extremity  to  the  Vertebral  Column. 

II.  Muscles  Connecting  the  Upper  Extremity  to  the  Anterior  and  Lateral 
Thoracic  Walls. 

III.  Muscles  of  the  Shoulder.  V.  Muscles  of  the  Forearm. 

IV.  Muscles  of  the  Arm.  VI.  Muscles  of  the  Hand. 


Urethra 

Vagina 
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I.  THE  MUSCLES  CONNECTING  THE  UPPER  EXTREMITY  TO  THE 
VERTEBRAL  COLUMN. 

The  muscles  of  this  group  are: 

Trapezius.  Rhomboideus  major. 

Latissimus  dorsi.  Rhomboideus  minor. 

Levator  scapulae. 

Superficial  Fascia. — The  superficial  fascia  of  the  back  forms  a  layer  of  con¬ 
siderable  thickness  and  strength,  and  contains  a  quantity  of  granular  fat.  It  is 
continuous  with  the  general  superficial  fascia. 

Deep  Fascia. — The  deep  fascia  is  a  dense  fibrous  layer,  attached  above  to  the 
superior  nuchal  line  of  the  occipital  bone;  in  the  middle  line  it  is  attached  to  the 
ligamentum  nuchae  and  supraspinal  ligament,  and  to  the  spinous  processes  of  all 
the  vertebrae  below  the  seventh  cervical;  laterally,  in  the  neck  it  is  continuous  with 
the  deep  cervical  fascia;  over  the  shoulder  it  is  attached  to  the  spine  of  the  scapula 
and  to  the  acromion,  and  is  continued  downward  over  the  Deltoideus  to  the  arm; 
on  the  thorax  it  is  continuous  with  the  deep  fascia  of  the  axilla  and  chest,  and  on 
the  abdomen  with  that  covering  the  abdominal  muscles;  below,  it  is  attached  to 
the  crest  of  the  ilium 

The  Trapezius  (Fig.  417)  is  a  flat,  triangular  muscle,  covering  the  upper  and 
back  part  of  the  neck  and  shoulders.  It  arises  from  the  external  occipital  protu¬ 
berance  and  the  medial  third  of  the  superior  nuchal  line  of  the  occipital  bone,  from 
the  ligamentum  nuchae,  the  spinous  process  of  the  seventh  cervical,  and  the  spinous 
processes  of  all  the  thoracic  vertebrae,  and  from  the  corresponding  portion  of  the 
supraspinal  ligament.  From  this  origin,  the  superior  fibers  proceed  downward 
and  lateralward,  the  inferior  upward  and  lateralward,  and  the  middle  horizontally; 
the  superior  fibers  are  inserted  into  the  posterior  border  of  the  lateral  third  of  the 
clavicle;  the  middle  fibers  into  the  medial  margin  of  the  acromion,  and  into  the  supe¬ 
rior  lip  of  the  posterior  border  of  the  spine  of  the  scapula;  the  inferior  fibers  con¬ 
verge  near  the  scapula,  and  end  in  an  aponeurosis,  which  glides  over  the  smooth 
triangular  surface  on  the  medial  end  of  the  spine,  to  be  inserted  into  a  tubercle 
at  the  apex  of  this  smooth  triangular  surface.  At  its  occipital  origin,  the  Trapezius 
is  connected  to  the  bone  by  a  thin  fibrous  lamina,  firmly  adherent  to  the  skin. 
At  the  middle  it  is  connected  to  the  spinous  processes  by  a  broad  semi-elliptical 
aponeurosis,  which  reaches  from  the  sixth  cervical  to  the  third  thoracic  vertebrae, 
and  forms,  with  that  of  the  opposite  muscle,  a  tendinous  ellipse.  The  rest  of  the 
muscle  arises  by  numerous  short  tendinous  fibers.  The  two  Trapezius  muscles 
together  resemble  a  trapezium,  or  diamond-shaped  quadrangle:  two  angles  corre¬ 
sponding  to  the  shoulders;  a  third  to  the  occipital  protuberance;  and  the  fourth 
to  the  spinous  process  of  the  twelfth  thoracic  vertebra. 

Variations. — The  attachments  to  the  dorsal  vertebrae  are  often  reduced  and  the  lower  ones  are 
often  wanting;  the  occipital  attachment  is  often  wanting;  separation  between  cervical  and  dorsal 
portions  is  frequent.  Extensive  deficiencies  and  complete  absence  occur. 

The  clavicular  insertion  of  this  muscle  varies  in  extent;  it  sometimes  reaches 
as  far  as  the  middle  of  the  clavicle,  and  occasionally  may  blend  with  the  posterior 
edge  of  the  Sternocleidomastoideus,  or  overlap  it. 

The  Latissimus  dorsi  (Fig.  417)  is  a  triangular,  flat  muscle,  which  covers  the 
lumbar  region  and  the  lower  half  of  the  thoracic  region,  and  is  gradually  con¬ 
tracted  into  a  narrow  fasciculus  at  its  insertion  into  the  humerus.  It  arises  by 
tendinous  fibers  from  the  spinous  processes  of  the  lower  six  thoracic  vertebrae 
and  from  the  posterior  layer  of  the  lumbodorsal  fascia  (see  page  398),  by  which 
it  is  attached  to  the  spines  of  the  lumbar  and  sacral  vertebrae,  to  the  supraspinal 
ligament,  and  to  the  posterior  part  of  the  crest  of  the  ilium.  It  also  arises  by 
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muscular  fibers  from  the  external  lip  of  the  crest  of  the  ilium  lateral  to  the  margin 
of  the  Sacrospinalis,  and  from  the  three  or  four  lower  ribs  by  fleshy  digitations, 
which  are  interposed  between  similar  processes  of  the  Obliquus  abdominis  externus 
(Fig.  400,  page  410).  From  this  extensive  origin  the  fibers  pass  in  different  direc¬ 
tions,  the  upper  ones  horizontally,  the  middle  obliquely  upward,  and  the  lower 
vertically  upward,  so  as  to  converge  and  form  a  thick  fasciculus,  which  crosses  the 
inferior  angle  of  the  scapula,  and  usually  receives  a  few  fibers  from  it.  The  muscle 
curves  around  the  lower  border  of  the  Teres  major,  and  is  twisted  upon  itself,  so 
that  the  superior  fibers  become  at  first  posterior  and  then  inferior,  and  the  vertical 
fibers  at  first  anterior  and  then  superior.  It  ends  in  a  quadrilateral  tendon,  about 
7  cm.  long,  which  passes  in  front  of  the  tendon  of  the  Teres  major,  and  is  inserted 
into  the  bottom  of  the  intertubercular  groove  of  the  humerus;  its  insertion  extends 
higher  on  the  humerus  than  that  of  the  tendon  of  the  Pectoralis  major.  The  lower 
border  of  its  tendon  is  united  with  that  of  the  Teres  major,  the  surfaces  of  the  two 
being  separated  near  their  insertions  by  a  bursa;  another  bursa  is  sometimes  inter¬ 
posed  between  the  muscle  and  the  inferior  angle  of  the  scapula.  The  tendon  of 
the  muscle  gives  off  an  expansion  to  the  deep  fascia  of  the  arm. 

Variations. — The  number  of  dorsal  vertebrae  to  which  it  is  attached  vary  from  four  to  seven  or 
eight;  the  number  of  costal  attachments  varies;  muscle  fibers  may  or  may  not  reach  the  crest  of 
the  ilium. 

A  muscular  slip,  the  axillary  arch,  varying  from  7  to  10  cm.  in  length,  and  from  5  to  15  mm. 
in  breadth,  occasionally  springs  from  the  upper  edge  of  the  Latissimus  dorsi  about  the  middle 
of  the  posterior  fold  of  the  axilla,  and  crosses  the  axilla  in  front  of  the  axillary  vessels  and  nerves, 
to  join  the  under  surface  of  the  tendon  of  the  Pectoralis  major,  the  Coracobrachialis,  or  the  fascia 
over  the  Biceps  brachii.  This  axillary  arch  crosses  the  axillary  artery,  just  above  the  spot  usually 
selected  for  the  application  of  a  ligature,  and  may  mislead  the  surgeon  during  the  operation.  It 
is  present  in  about  7  per  cent,  of  subjects  and  may  be  easily  recognized  by  the  transverse  direction 
of  its  fibers. 

A  fibrous  slip  usually  passes  from  the  lower  border  of  the  tendon  of  the  Latissimus  dorsi,  near 
its  insertion,  to  the  long  head  of  the  Triceps  brachii.  This  is  occasionally  muscular,  and  is  the 
representative  of  the  Dorsoepitrochlearis  brachii  of  apes. 

The  lateral  margin  of  the  Latissimus  dorsi  is  separated  below  from  the  Obliquus 
externus  abdominis  by  a  small  triangular  interval,  the  lumbar  triangle  of  Petit, 
the  base  of  which  is  formed  by  the  iliac  crest,  and  its  floor  by  the  Obliquus  internus 
abdominis.  Another  triangle  is  situated  behind  the  scapula.  It  is  bounded  above 
by  the  Trapezius,  below  by  the  Latissimus  dorsi,  and  laterally  by  the  vertebral 
border  of  the  scapula;  the  floor  is  partly  formed  by  the  Rhomboideus  major. 
If  the  scapula  be  drawn  forward  by  folding  the  arms  across  the  chest,  and  the 
trunk  bent  forward,  parts  of  the  sixth  and  seventh  ribs  and  the  interspace  between 
them  become  subcutaneous  and  available  for  auscultation.  The  space  is  there¬ 
fore  known  as  the  triangle  of  auscultation. 

Nerves. — The  Trapezius  is  supplied  by  the  accessory  nerve,  and  by  branches  from  the  third 
tnd  fourth  cervical  nerves;  the  Latissimus  dorsi  by  the  sixth,  seventh,  and  eighth  cervical  nerves 
through  the  thoracodorsal  (long  subscapular)  nerve. 

The  Rhomboideus  major  (Fig.  417)  arises  by  tendinous  fibers  from  the  spinous 
processes  of  the  second,  third,  fourth,  and  fifth  thoracic  vertebrae  and  the  supra¬ 
spinal  ligament,  and  is  inserted  into  a  narrow  tendinous  arch,  attached  above  to 
the  lower  part  of  the  triangular  surface  at  the  root  of  the  spine  of  the  scapula; 
below  to  the  inferior  angle,  the  arch  being  connected  to  the  vertebral  border  by  a 
thin  membrane.  When  the  arch  extends,  as  it  occasionally  does,  only  a  short 
distance,  the  muscular  fibers  are  inserted  directly  into  the  scapula. 

The  Rhomboideus  minor  (Fig.  417)  arises  from  the  lower  part  of  the  ligamentum 
nucha*  and  from  the  spinous  processes  of  the  seventh  cervical  and  first  thoracic 
vertebrae.  It  is  inserted  into  the  base  of  the  triangular  smooth  surface  at  the  root 
of  the  spine  of  the  scapula,  and  is  usually  separated  from  the  Rhomboideus  major 
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by  a  slight  interval,  but  the  adjacent  margins  of  the  two  muscles  are  occasionally 
united. 

Variations. — The  vertebral  and  scapular  attachments  of  the  two  muscles  vary  in  extent.  A 
small  slip  from  the  scapula  to  the  occipital  bone  close  to  the  minor  occasionally  occurs,  the  Rhom- 
boideus  occipitalis  muscle . 

The  Levator  scapulae*  (Levator  anguli  scapulas)  (Fig.  417)  is  situated  at  the 
back  and  side  of  the  neck.  It  arises  by  tendinous  slips  from  the  transverse  pro¬ 
cesses  of  the  atlas  and  axis  and  from  the  posterior  tubercles  of  the  transverse 
processes  of  the  third  and  fourth  cervical  vertebrae.  It  is  inserted  into  the  verte¬ 
bral  border  of  the  scapula,  between  the  medial  angle  and  the  triangular  smooth 
surface  at  the  root  of  the  spine. 

Variations. — The  number  of  vertebral  attachments  varies;  a  slip  may  extend  to  the  occipital  or 
mastoid,  to  the  Trapezius,  Scalene  or  Serratus  anterior,  or  to  the  first  or  second  rib.  The  muscle 
may  be  subdivided  into  several  distinct  parts  from  origin  to  insertion.  Levator  clavicuUE  from  the 
transverse  processes  of  one  or  two  upper  cervical  vertebrae  to  the  outer  end  of  the  clavicle  corre¬ 
sponds  to  a  muscle  of  lower  animals.  More  or  less  union  with  the  Serratus  anterior. 

Nerves. — The  Rhomboidei  are  supplied  by  the  dorsal  scapular  nerve  from  the  fifth  cervical; 
the  Levator  scapulae  by  the  third  and  fourth  cervical  nerves,  and  frequently  by  a  branch  from 
the  dorsal  scapular. 

Actions. — The  movements  effected  by  the  preceding  muscles  are  numerous,  as  may  be  con¬ 
ceived  from  their  extensive  attachments.  When  the  whole  Trapezius  is  in  action  it  retracts  the 
scapula  and  braces  back  the  shoulder;  if  the  head  be  fixed,  the  upper  part  of  the  muscle  will  elevate 
the  point  of  the  shoulder,  as  in  supporting  weights;  when  the  lower  fibers  contract  they  assist 
in  depressing  the  scapula.  The  middle  and  lower  fibers  of  the  muscle  rotate  the  scapula,  causing 
elevation  of  the  acromion.  If  the  shoulders  be  fixed,  the  Trapezii,  acting  together,  will  draw 
the  head  directly  backward;  or  if  only  one  act,  the  head  is  drawn  to  the  corresponding  side. 

When  the  Latissimus  dorsi  acts  upon  the  humerus,  it  depresses  and  draws  it  backward,  and 
at  the  same  time  rotates  it  inward.  It  is  the  muscle  which  is  principally  employed  in  giving  a 
downward  blow,  as  in  felling  a  tree  or  in  sabre  practice.  If  the  arm  be  fixed,  the  muscle  may 
act  in  various  ways  upon  the  trunk;  thus,  it  may  raise  the  lower  ribs  and  assist  in  forcible  inspira¬ 
tion;  or,  if  both  arms  be  fixed,  the  two  muscles  may  assist  the  abdominal  muscles  and  Pectorales 
in  suspending  and  drawing  the  trunk  forward,  as  in  climbing. 

If  the  head  be  fixed,  the  Levator  scapulae  raises  the  medial  angle  of  the  scapula;  if  the  shoulder 
be  fixed,  the  muscle  inclines  the  neck  to  the  corresponding  side  and  rotates  it  in  the  same  direc¬ 
tion.  The  Rhomboidei  carry  the  inferior  angle  backward  and  upward,  thus  producing  a  slight 
rotation  of  the  scapula  upon  the  side  of  the  chest,  the  Rhomboideus  major  acting  especially  on 
the  inferior  angle  of  the  scapula,  through  the  tendinous  arch  by  which  it  is  inserted.  The  Rhom¬ 
boidei,  acting  together  with  the  middle  and  inferior  fibers  of  the  Trapezius,  will  retract  the 
scapula. 


n.  THE  MUSCLES  CONNECTING  THE  UPPER  EXTREMITY  TO  THE 
ANTERIOR  AND  LATERAL  THORACIC  WALLS. 

The  muscles  of  the  anterior  and  lateral  thoracic  regions  are: 

Pectoralis  major.  Subclavius. 

Pectoralis  minor.  Serratus  anterior. 

Superficial  Fascia. — The  superficial  fascia  of  the  anterior  thoracic  region  is  con¬ 
tinuous  with  that  of  the  neck  and  upper  extremity  above,  and  of  the  abdomen 
below.  It  encloses  the  mamma  and  gives  off  numerous  septa  which  pass  into  the 
gland,  supporting  its  various  lobes.  From  the  fascia  over  the  front  of  the  mamma, 
fibrous  processes  pass  forward  to  the  integument  and  papilla;  these  were  called 
by  Sir  A.  Cooper  the  ligamenta  suspensoria. 

Pectoral  Fascia. — The  pectoral  fascia  is  a  thin  lamina,  covering  the  surface  of 
the  Pectoralis  major,  and  sending  numerous  prolongations  between  its  fasciculi: 
it  is  attached,  in  the  middle  line,  to  the  front  of  the  sternum;  above,  to  the  clavicle; 
laterally  and  below  it  is  continuous  with  the  fascia  of  the  shoulder,  axilla,  and 
thorax.  It  is  very  thin  over  the  upper  part  of  the  Pectoralis  major,  but  thicker 
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itt  the  interval  between  it  and  the  Latissimns  dorsi,  where  it  closes  in  the  axillary 
space  and  forms  the  axillary  fascia;  it  divides  at  the  lateral  margin  of  the  Latis- 
simus  dorsi  into  two  layers,  one  of  which  passes  in  front  of,  and  the  other  behind 
it  ;  these  proceed  as  far  as  the  spinous  processes  of  the  thoracic  vertebrae,  to  which 
they  are  attached .  As  the  fascia  leaves  the  lower  edge  of  the  Pectoralis  major  to  cross 
the  floor  of  the  axilla  it  sends  a  layer  upward  under  cover  of  the  muscle;  this  lamina 
splits  to  envelop  the  Pectoralis  minor,  at  the  upper  edge  of  which  it  is  continuous 
with  the  eoracoclavicular  fascia.  The  hoilowr  of  the  armpit,  seen  when  the  arm 
is  abducted,  is  produced  mainly  by  the  traction  of  this  fascia  on  the  axillary  floor, 
and  hence  the  lamina  is  sometimes  named  the  suspensory  ligament  of  the  axilla. 
At  the  lower  part  of  the  thoracic  region  the  deep  fascia  is  well-developed,  and  is 
continuous  with  the  fibrous  sheaths  of  the  Recti  abdominis. 


Fig.  418.— Superficial  muscles  of  the  chest  kuti  front  of  the  arm, 


The  Pectoralis  major  (Fig.  4 IS)  is  a  thick,  fan-shaped  muscle,  situated  at  the 
upper  and  forepart  of  the  chest.  It  arises  from  the  anterior  surface  of  the  sternal 
half  of  the  clavicle;  from  half  the  breadth  of  the  anterior  surface  of  the  sternum, 
as  low  down  as  the  attachment  of  the  cartilage  of  the  sixth  or  seventh  rib;  from  the 
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cartilages  of  all  the  true  ribs,  with  the  exception,  frequently,  of  the  first  or  seventh, 
or  both,  and  from  the  aponeurosis  of  the  Obliquus  externus  abdominis.  From  this 
extensive  origin  the  fibers  converge  toward  their  insertion;  those  arising  from  the 
clavicle  pass  obliquely  downward  and  lateralward,  and  are  usually  separated  from 
the  rest  by  a  slight  interval;  those  from  the  lower  part  of  the  sternum,  and  the 
cartilages  of  the  lower  true  ribs,  run  upward  and  lateralward;  while  the  middle 
fibers  pass  horizontally.  They  all  end  in  a  flat  tendon,  about  5  cm.  broad,  which 
is  inserted  into  the  crest  of  the  greater  tubercle  of  the  humerus.  This  tendon  con¬ 
sists  of  two  laminae,  placed  one  in  front  of  the  other,  and  usually  blended  together 
below.  The  anterior  lamina,  the  thicker,  receives  the  clavicular  and  the  uppermost 
sternal  fibers;  they  are  inserted  in  the  same  order  as  that  in  which  they  arise: 
that  is  to  say,  the  most  lateral  of  the  clavicular  fibers  are  inserted  at  the  upper 
part  of  the  anterior  lamina;  the  uppermost  sternal  fibers  pass  down  to  the  lower 
part  of  the  lamina  which  extends  as  low  as  the  tendon  of  the  Deltoideus  and  joins 
with  it.  The  posterior  lamina  of  the  tendon  receives  the  attachment  of  the  greater 
part  of  the  sternal  portion  and  the  deep  fibers,  i.  e.,  those  from  the  costal  cartilages. 
These  deep  fibers,  and  particularly  those  from  the  lower  costal  cartilages,  ascend 
the  higher,  turning  backward  successively  behind  the  superficial  and  upper  ones, 
so  that  the  tendon  appears  to  be  twisted.  The  posterior  lamina  reaches  higher 
on  the  humerus  than  the  anterior  one,  and  from  it  an  expansion  is  given  off  which 
covers  the  intertubercular  groove  and  blends  with  the  capsule  of  the  shoulder- 
joint.  From  the  deepest  fibers  of  this  lamina  at  its  insertion  an  expansion  is  given 
off  which  lines  the  intertubercular  groove,  while  from  the  lower  border  of  the  tendon 
a  third  expansion  passes  downward  to  the  fascia  of  the  arm. 

Variations. — The  more  frequent  variations  are  greater  or  less  extent  of  attachment  to  the  ribs 
and  sternum,  varying  size  of  the  abdominal  part  or  its  absence,  greater  or  less  extent  of  separation 
of  sternocostal  and  clavicular  parts,  fusion  of  clavicular  part  with  deltoid,  decussation  in  front  of 
the  sternum.  Deficiency  or  absence  of  the  sternocostal  part  is  not  uncommon.  Absence  of  the 
clavicular  part  is  less  frequent.  Rarely  the  whole  muscle  is  wanting. 

Costocoracoideus  is  a  muscular  band  occasionally  found  arising  from  the  ribs  or  aponeurosis  of  the 
External  oblique  between  the  Pectoralis  major  and  Latissimus  dorsi  and  inserted  into  the  coracoid 
process. 

Chondro-epitrochlearis  is  a  muscular  slip  occasionally  found  arising  from  the  costal  cartilages  or 
from  the  aponeurosis  of  the  External  oblique  below  the  Pectoralis  major  or  from  the  Pectoralis 
major  itself.  The  insertion  is  variable  on  the  inner  side  of  the  arm  to  fascia,  intermuscular  septum 
or  internal  condyle. 

Stemalis ,  in  front  of  the  sternal  end  of  the  Pectoralis  major  parallel  to  the  margin  of  the  sternum. 
It  is  supplied  by  the  anterior  thoracic  nerves  and  is  probably  a  misplaced  part  of  the  pectoralis. 

Coracoclavicular  Fascia  ( fascia  cor  omoclavicularis;  costocoracoid  membrane;  clavir 
pectoral  fascia).- — The  coracoclavicular  fascia  is  a  strong  fascia  situated  under 
cover  of  the  clavicular  portion  of  the  Pectoralis  major.  It  occupies  the  interval 
between  the  Pectoralis  minor  and  Subclavius,  and  protects  the  axillary  vessels 
and  nerves.  Traced  upward,  it  splits  to  enclose  the  Subclavius,  and  its  two  layers 
are  attached  to  the  clavicle,  one  in  front  of  and  the  other  behind  the  muscle;  the 
latter  layer  fuses  with  the  deep  cervical  fascia  and  with  the  sheath  of  the  axillary 
vessels.  Medially,  it  blends  with  the  fascia  covering  the  first  twro  intercostal 
spaces,  and  is  attached  also  to  the  first  rib  medial  to  the  origin  of  the  Subclavius. 
Laterally,  it  is  very  thick  and  dense,  and  is  attached  to  the  coracoid  process. 
The  portion  extending  from  the  first  rib  to  the  coracoid  process  is  often  whiter  and 
denser  than  the  rest,  and  is  sometimes  called  the  costocoracoid  ligament.  Below 
this  it  is  thin,  and  at  the  upper  border  of  the  Pectoralis  minor  it  splits  into  two 
layers  to  invest  the  muscle;  from  the  lower  border  of  the  Pectoralis  minor  it  is 
continued  downward  to  join  the  axillary  fascia,  and  lateralward  to  join  the  fascia 
over  the  short  head  of  the  Biceps  brachii.  The  coracoclavicular  fascia  is  pierced 
by  the  cephalic  vein,  thoracoacromial  artery  and  vein,  and  external  anterior 
thoracic  nerve. 
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The  Peetoralis  minor  (Fig,  419)  is  a  thin,  triangular  muscle,  situated  at  the 
upper  part  of  the  thorax,  beneath  the  Peetoralis  major.  It  arises  from  the  upper 
margins  and  outer  surfaces  of  the  third,  fourth,  and  fifth  ribs,  near  their  cartilage 
sad  from  the  aponeuroses  covering  the  Intercostal  is;  the  fibers  pass  upward  and 
lateralward  and  converge  to  form  a  flat  tendon,  which  is  inserted  into  the  medial 
bonier  and  upper  surface  of  the  coracoid  process  of  the  scapula. 

Variations. — Origin  from  second,  third  and  fourth  or  fifth  ribs.  The  tendon  of  insertion  may 
extend  over  the  coracoid  process  to  the  greater  tubercle.  May  be  split  into  several  parts.  Absence 
rare. 

Pec Ujralis  minimus,  first  rib-cartilage  to  coracoid  process.  Rare. 


Ff«<  I \9 — Deep  of  the  cheat  and  front  of  the  arm,  with  the  boundaries  of  the  a*iila. 


The  Subclavius  (Fig.  419)  is  a  small  triangular  muscle,  placed  between  the 
clavicle  and  the  first  rib.  It  arises  by  a  short,  thick  tendon  from  the  first  rib  and 
its  cartilage  at  their  junction,  in  front  of  the  costoclavicular  ligament;  the  fleshy 
fibers  proceed  obliquely  upward  and  laterahvard,  to  be  inserted  into  the  groove 
on  the  under  surface  of  the  clavicle  between  the  costoclavicular  and  conoid 
ligaments. 

Variations.— -Insertion  into  coracoid  process  instead  of  clavicle  or  into  both  clavicle  and  coracoid 
pftvess,  Sternoscapudar  fasciculus  to  the  upjxT  border  of  scapula.  StenuKUincnlarix  from  manu- 
Winm  to  clavicle  tetween  Peetoralis  major  and  coracoclavicular  fascia. 

The  Serratus  anterior  ( Serratus  magnus)  (Fig.  419)  is  a  thin  muscular  sheet, 
situated  between  the  ribs  and  the  scapula  at  the  upper  and  lateral  part  of 
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the  chest.  It  arises  by  fleshy  digitations  from  the  outer  surfaces  and  superior 
borders  of  the  upper  eight  or  nine  ribs,  and  from  the  aponeuroses  covering  the 
intervening  Intercostales.  Each  digitation  (except  the  first)  arises  from  the 
corresponding  rib ;  the  first  springs  from  the  first  and  second  ribs ;  and  from  the  fascia 
covering  the  first  intercostal  space.  From  this  extensive  attachment  the  fibers 
pass  backward,  closely  applied  to  the  chest-wall,  and  reach  the  vertebral  border 
of  the  scapula,  and  are  inserted  into  its  ventral  surface  in  the  following  manner. 
The  first  digitation  is  inserted  into  a  triangular  area  on  the  ventral  surface  of  the 
medial  angle.  The  next  two  digitations  spread  out  to  form  a  thin,  triangular 
sheet,  the  base  of  which  is  directed  backward  and  is  inserted  into  nearly  the  whole 
length  of  the  ventral  surface  of  the  vertebral  border.  The  lower  five  or  six  digita¬ 
tions  converge  to  form  a  fan-shaped  mass,  the  apex  of  which  is  inserted,  by  muscular 
and  tendinous  fibers,  into  a  triangular  impression  on  the  ventral  surface  of  the 
inferior  angle.  The  lower  four  slips  interdigitate  at  their  origins  with  the  upper 
five  slips  of  the  Obliquus  externus  abdominis. 

Variations. — Attachment  to  tenth  rib.  Absence  of  attachments  to  first  rib,  to  one  or  more  of 
the  lower  ribs.  Division  into  three  parts;  absence  or  defect  of  middle  part.  Union  with  Levator 
scapula,  External  intercostals  or  External  oblique. 

Nerves. — The  Pectoralis  major  is  supplied  by  the  medial  and  lateral  anterior  thoracic  nerves; 
through  these  nerves  the  muscle  receives  filaments  from  all  the  spinal  nerves  entering  into  the 
formation  of  the  brachial  plexus;  the  Pectoralis  minor  receives  its  fibers  from  the  eighth  cervical 
and  first  thoracic  nerves  through  the  medial  anterior  thoracic  nerve.  The  Subclavius  is  suplied 
by  a  filament  from  the  fifth  and  sixth  cervical  nerves;  the  Serratus  anterior  is  supplied  by  the 
long  thoracic,  which  is  derived  from  the  fifth,  sixth,  and  seventh  cervical  nerves. 

Actions. — If  the  arm  has  been  raised  by  the  Deltoideus,  the  Pectoralis  major  will,  conjointly 
with  the  Latissimus  dorsi  and  Teres  major,  depress  it  to  the  side  of  the  chest.  If  acting  alone, 
it  adducts  and  draws  forward  the  arm,  bringing  it  across  the  front  of  the  chest,  and  at  the  same 
time  rotates  it  inward.  The  Pectoralis  minor  depresses  the  point  of  the  shoulder,  drawing  the 
scapula  downward  and  medialward  toward  the  thorax,  and  throwing  the  inferior  angle  back¬ 
ward.  The  Subclavius  depresses  the  shoulder,  carrying  it  downward  and  forward.  When  the 
arms  are  fixed,  all  three  of  these  muscles  act  upon  the  ribs;  drawing  them  upward  and  expand¬ 
ing  the  chest,  and  thus  becoming  very  important  agents  in  forced  inspiration.  The  Serratus 
anterior,  as  a  whole,  carries  the  scapula  forward,  and  at  the  same  time  raises  the  vertebral  border 
of  the  bone.  It  is  therefore  concerned  in  the  action  of  pushing.  Its  lower  and  stronger  fibers 
move  forward  the  lower  angle  and  assist  the  Trapezius  in  rotating  the  bone  at  the  sternoclavicular 
joint,  and  thus  assist  this  muscle  in  raising  the  acromion  and  supporting  weights  upon  the  shoulder. 
It  is  also  an  assistant  to  the  Deltoideus  in  raising  the  arm,  inasmuch  as  during  the  action  of  this 
latter  muscle  it  fixes  the  scapula  and  so  steadies  the  glenoid  cavity  on  which  the  head  of  the 
humerus  rotates.  After  the  Deltoideus  has  raised  the  arm  to  a  right  angle  with  the  trunk,  the 
Serratus  anterior  and  the  Trapezius,  by  rotating  the  scapula,  raise  the  arm  into  an  almost  vertical 
position.  It  is  possible  that  when  the  shoulders  are  fixed  the  lower  fibers  of  the  Serratus  anterior 
may  assist  in  raising  and  everting  the  ribs;  but  it  is  not  the  important  inspiratory  muscle  it  was 
formerly  believed  to  be 


IQ.  THE  MUSCLES  AND  FASCDE  OF  THE  SHOULDER. 

In  this  group  are  included: 

Deltoideus.  Infraspinatus. 

Subscapularis.  Teres  minor. 

Supraspinatus.  Teres  major. 

Deep  Fascia. — The  deep  fascia  covering  the  Deltoideus  invests  the  muscle,  and 
sends  numerous  septa  between  its  fasciculi.  In  front  it  is  continuous  with  the  fascia 
covering  the  Pectoralis  major;  behind,  where  it  is  thick  and  strong,  with  that 
covering  the  Infraspinatus;  above,  it  is  attached  to  the  clavicle,  the  acromion, 
and  the  spine  of  the  scapula;  below,  it  is  continuous  with  the  deep  fascia  of  the 
arm. 

The  Deltoideus  ( Deltoid  muscle)  (Fig.  418)  is  a  large,  thick,  triangular  muscle,  which 
covers  the  shoulder-joint  in  front,  behind,  and  laterally.  It  arises  from  the  anterior 
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border  and  upper  surface  of  the  lateral  third  of  the  clavicle;  from  the  lateral  margin 
and  upper  surface  of  the  acromion,  and  from  the  lower  lip  of  the  posterior  border 
of  the  spine  of  the  scapula,  as  far  back  as  the  triangular  surface  at  its  medial  end. 
From  this  extensive  origin  the  fibers  converge  toward  their  insertion,  the  middle 
passing  vertically,  the  anterior  obliquely  backward  and  lateralward,  the  posterior 
obliquely  forward  and  lateralward;  they  unite  in  a  thick  tendon,  which  is  inserted 
into  the  deltoid  prominence  on  the  middle  of  the  lateral  side  of  the  body  of  the 
humerus.  At  its  insertion  the  muscle  gives  off  an  expansion  to  the  deep  fascia  of 
the  arm.  This  muscle  is  remarkably  coarse  in  texture,  and  the  arrangement  of 
its  fibers  is  somewhat  peculiar;  the  central  portion  of  the  muscle — that  is  to  say, 
the  part  arising  from  the  acromion — consists  of  oblique  fibers;  these  arise  in  a 
bipenniform  manner  from  the  sides  of  the  tendinous  intersections,  generally  four 
in  number,  which  are  attached  above  to  the  acromion  and  pass  downward  parallel 
to  one  another  in  the  substance  of  the  muscle.  The  oblique  fibers  thus  formed  are 
inserted  into  similar  tendinous  intersections,  generally  three  in  number,  which 
pass  upward  from  the  insertion  of  the  muscle  and  alternate  with  the  descending 
septa.  The  portions  of  the  muscle  arising  from  the  clavicle  and  spine  of  the  scapula 
are  not  arranged  in  this  manner,  but  are  inserted  into  the  margins  of  the  inferior 
tendon. 

Variations. — Large  variations  uncommon.  More  or  less  splitting  common.  Continuation  into 
the  Trapezius;  fusion  with  the  Pectoralis  major;  additional  slips  from  the  vertebral  border  of  the 
scapula,  infraspinous  fascia  and  axillary  border  of  scapula  not  uncommon.  Insertion  varies  in 
extent  or  rarely  is  prolonged  to  origin  of  Brachioradialis. 

Nerves. — The  Deltoideus  is  supplied  by  the  fifth  and  sixth  cervical  through  the  axillary  nerve. 

Actions. — The  Deltoideus  raises  the  arm  from  the  side,  so  as  to  bring  it  at  right  angles  with 
the  trunk.  Its  anterior  fibers,  assisted  by  the  Pectoralis  major,  draw  the  arm  forward;  and  its 
posterior  fibers,  aided  by  the  Teres  major  and  Latissimus  dorsi,  draw  it  backward. 

Subsc&pular  Fascia  ( fascia  subscapularis ). — The  subscapular  fascia  is  a  thin 
membrane  attached  to  the  entire  circumference  of  the  subscapular  fossa,  and 
affording  attachment  by  its  deep  surface  to  some  of  the  fibers  of  the  Sub¬ 
scapularis. 

The  Subscapularis  (Fig.  419)  is  a  large  triangular  muscle  which  fills  the  sub¬ 
scapular  fossa,  and  arises  from  its  medial  two-thirds  and  from  the  lower  two- 
thirds  of  the  groove  on  the  axillary  border  of  the  bone.  Some  fibers  arise  from 
tendinous  laminae  which  intersect  the  muscle  and  are  attached  to  ridges  on  the 
bone;  others  from  an  aponeurosis,  which  separates  the  muscle  from  the  Teres 
major  and  the  long  head  of  the  Triceps  brachii.  The  fibers  pass  lateralward, 
and,  gradually  converging,  end  in  a  tendon  which  is  inserted  into  the  lesser  tubercle 
of  the  humerus  and  the  front  of  the  capsule  of  the  shoulder-joint.  The  tendon 
of  the  muscle  is  separated  from  the  neck  of  the  scapula  by  a  large  bursa,  which 
communicates  w  ith  the  cavity  of  the  shoulder-joint  through  an  aperture  in  the 
capsule. 

Hems. — The  Subscapularis  is  supplied  by  the  fifth  and  sixth  cervical  nerves  through  the 
upper  and  lower  subscapular  nerves. 

Actions. — The  Subscapularis  rotates  the  head  of  the  humerus  inward;  when  the  arm  is  raised, 
it  draws  the  humerus  forward  and  downward.  It  is  a  powerful  defence  to  the  front  of  the  shoulder- 
joint,  preventing  displacement  of  the  head  of  the  humerus. 

Supraspinatous  Fascia  (fascia  supraspinata) . — The  supraspinatous  fascia  com¬ 
pletes  the  osseofibrous  case  in  which  the  Supraspinatus  muscle  is  contained;  it 
affords  attachment,  by  its  deep  surface,  to  some  of  the  fibers  of  the  muscle.  It  is 
thick  medially,  but  thinner  laterally  under  the  coracoacromial  ligament. 

The  Supraspinatus  (Fig.  420)  occupies  the  whole  of  the  supraspinatous  fossa, 
arising  from  its  medial  two-thirds,  and  from  the  strong  supraspinatous  fascia. 
The  muscular  fibers  converge  to  a  tendon,  which  crosses  the  upper  part  of  the 
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tendon  of  this  muscle  passes  across,  and  is  united  with,  the  posterior  part  of  the 
capsule  of  the  shoulder-joint. 

Variations. — It  is  sometimes  inseparable  from  the  Infraspinatus. 

The  Teres  major  (Fig.  420)  is  a  thick  but  somewhat  flattened  muscle,  which 
arises  from  the  oval  area  on  the  dorsal  surface  of  the  inferior  angle  of  the  scapula, 
and  from  the  fibrous  septa  interposed  between  the  muscle  and  the  Teres  minor 
and  Infraspinatus;  the  fibers  are  directed  upward  and  lateralward,  and  end  in  a 
flat  tendon,  about  5  cm.  long,  which  is  inserted  into  the  crest  of  the  lesser  tubercle 
of  the  humerus.  The  tendon,  at  its  insertion,  lies  behind  that  of  the  Latissimus 
dorsi,  from  which  it  is  separated  by  a  bursa,  the  two  tendons  being,  however, 
united  along  their  lower  borders  for  a  short  distance. 

Nerves. — The  Supraspinatus  and  Infraspinatus  are  supplied  by  the  fifth  and  sixth  cervical 
nerves  through  the  suprascapular  nerve;  the  Teres  minor,  by  the  fifth  cervical,  through  the 
axillary;  and  the  Teres  major,  by  the  fifth  and  sixth  cervical,  through  the  lowest  subscapular. 

Actions. — The  Supraspinatus  assists  the  Deltoideus  in  raising  the  arm  from  the  side  of  the 
trunk  and  fixes  the  head  of  the  humerus  in  the  glenoid  cavity.  The  Infraspinatus  and  Teres 
minor  rotate  the  head  of  the  humerus  outward;  they  also  assist  in  carrying  the  arm  backward. 
One  of  the  most  important  uses  of  these  three  muscles  is  to  protect  the  shoulder-joint,  the  Supra- 
spinatus  supporting  it  above,  and  the  Infraspinatus  and  Teres  minor  behind.  The  Teres  major 
assists  the  Latissimus  dorsi  in  drawing  the  previously  raised  humerus  downward  and  backward, 
and  in  rotating  it  inward;  when  the  arm  is  fixed  it  may  assist  the  Pectorales  and  the  Latissimus 
dorsi  in  drawing  the  trunk  forward.  1 


IV.  THE  MUSCLES  AND  FASCIA  OF  THE  ARM. 

The  muscles  of  the  arm  are: 

Coracobrachialis.  Brachialis. 

Biceps  brachii.  Triceps  brachii. 

Brachial  Fascia  (fascia  brachii;  deep  fascia  of  the  arm), — The  brachial  fascia  is 
continuous  with  that  covering  the  Deltoideus  and  the  Pectoralis  major,  by  means 
of  which  it  is  attached,  above,  to  the  clavicle,  acromion,  and  spine  of  the  scapula; 
it  forms  a  thin,  loose,  membranous  sheath  for  the  muscles  of  the  arm,  and  sends 
septa  between  them;  it  is  composed  of  fibers  disposed  in  a  circular  or  spiral  direc¬ 
tion,  and  connected  together  by  vertical  and  oblique  fibers.  It  differs  in  thickness 
at  different  parts,  being  thin  over  the  Biceps  brachii,  but  thicker  where  it  covers 
the  Triceps  brachii,  and  over  the  epicondyles  of  the  humerus:  it  is  strengthened 
by  fibrous  aponeuroses,  derived  from  the  Pectoralis  major  and  Latissimus  dorsi 
medially,  and  from  the  Deltoideus  laterally.  On  either  side  it  gives  off  a  strong 
intermuscular  septum,  which  is  attached  to  the  corresponding  supracondylar 
ridge  and  epicondyle  of  the  humerus.  The  lateral  intermuscular  septum  extends 
from  the  lower  part  of  the  crest  of  the  greater  tubercle,  along  the  lateral  supra¬ 
condylar  ridge,  to  the  lateral  epicondyle;  it  is  blended  with  the  tendon  of  the  Del¬ 
toideus,  gives  attachment  to  the  Triceps  brachii  behind,  to  the  Brachialis,  Brachio- 
radialis,  and  Extensor  carpi  radialis  longus  in  front,  and  is  perforated  by  the  radial 
nerve  and  profunda  branch  of  the  brachial  artery.  The  medial  intermuscular 
septan,  thicker  than  the  preceding,  extends  from  the  lower  part  of  the  crest  of 
the  lesser  tubercle  of  the  humerus  below  the  Teres  major,  along  the  medial  supra¬ 
condylar  ridge  to  the  medial  epicondyle;  it  is  blended  with  the  tendon  of  the 
Coracobrachialis,  and  affords  attachment  to  the  Triceps  brachii  behind  and  the 
Brachialis  in  front.  It  is  perforated  by  the  ulnar  nerve,  the  superior  ulnar 
collateral  artery,  and  the  posterior  branch  of  the  inferior  ulnar  collateral  artery. 
At  the  elbow,  the  deep  fascia  is  attached  to  the  epicondyles  of  the  humerus  and 
the  olecranon  of  the  ulna,  and  is  continuous  with  the  deep  fascia  of  the  forearm. 
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lateral  and  is  applied  to  the  tuberosity  of  the  radius  at  its  insertion.  Opposite 
the  bend  of  the  elbow  the  tendon  gives  olf,  from  its  medial  side,  a  broad  aponeu¬ 
rosis,  the  lacertus  flbrosua  (bicipital  fascia )  which  passes  obliquely  downward  and 
medi$lward  across  the  brachial  artery,  and  is  continuous  with  the  deep  fascia 
covering  the  origins  of  the  Flexor  muscles  of  the  forearm  (Fig.  418). 

Variations. — A  third  head  (10  per  cent.)  to  the  Biceps  brachii  is  occasionally  found,  arising  at 
the  upper  and  medial  part  of  the  Brachialis,  with  the  fibers  of  which  it  is  continuous,  and  inserted 
into  the  lacertus  fibrosus  and  medial  side  of  the  tendon  of  the  muscle.  In  most  cases  this  additional 
slip  lies  behind  the  brachial  artery  in  its  coarse  down  the  arm.  In  some  instances  the  third  head 
consists  of  two  slips,  which  pass  down,  one  in  front  of  and  the  other  behind  the  artery,  concealing 
the  vessel  in  the  lower  half  of  the  arm.  More  rarely  a  fourth  head  occurs  arising  from  the  outer 
side  of  the  humerus,  from  the  intertubercular  groove,  or  from  the  greater  tubercle.  Other  heads 
are  occasionally  found.  Slips  sometimes  pass  from  the  inner  border  of  the  muscle  over  the  brachial 
artery  to  the  medial  intermuscular  septum,  or  the  medial  epicondyle;  more  rarely  to  the  Pronator 
teres  or  Brachialis.  The  long  head  may  be  absent  or  arise  from  the  intertubercular  groove. 

The  Brachialis  {Brachialis  anticus )  (Fig.  419)  covers  the  front  of  the  elbow-joint 
and  the  lower  half  of  the  humerus.  It  arises  from  the  lower  half  of  the  front 
of  the  humerus,  commencing  above  at  the  insertion  of  the  Deltoideus,  which  it 
embraces  by  two  angular  processes.  Its  origin  extends  below  to  within  2.5  cm. 
of  the  margin  of  the  articular  surface.  It  also  arises  from  the  intermuscular  septa, 
but  more  extensively  from  the  medial  than  the  lateral;  it  is  separated  from  the 
lateral  below  by  the  Brachioradialis  and  Extensor  carpi  radialis  longus.  Its  fibers 
converge  to  a  thick  tendon,  which  is  inserted  into  the  tuberosity  of  the  ulna  and 
the  rough  depression  on  the  anterior  surface  of  the  coronoid  process. 

Variations. — Occasionally  doubled;  additional  slips  to  the  Supinator,  Pronator  teres,  Biceps, 
lacertus  fibrosus,  or  radius  are  more  rarely  found. 

Nerres. — The  Coracobrachialis,  Biceps  brachii’ and  Brachialis  are  supplied  by  the  musculo¬ 
cutaneous  nerve;  the  Brachialis  usually  receives  an  additional  filament  from  the  radial.  The 
Coracobrachialis  receives  its  supply  primarily  from  the  seventh  cervical,  the  Biceps  brachii  and 
Brachialis  from  the  fifth  and  sixth  cervical  nerves. 

Actions. — The  Coracobrachialis  draws  the  humerus  forward  and  medialward,  and  at  the 
«ame  time  assists  ip  retaining  the  head  of  the  bone  in  contact  with  the  glenoid  cavity.  The 
Biceps  brachii  is  a  flexor  of  the  elbow  and,  to  a  less  extent,  of  the  shoulder;  it  is  also  a  powerful 
supinator,  and  serves  to  render  tense  the  deep  fascia  of  the  forearm  by  means  of  the  lacertus 
fibrosus  given  off  from  its  tendon.  The  Brachialis  is  a  flexor  of  the  forearm,  and  forms  an  impor¬ 
tant  defence  to  the  elbow-joint.  When  the  forearm  is  fixed,  the  Biceps  brachii  and  Brachialis 
flex  the  arm  upon  the  forearm,  as  in  efforts  of  climbing. 

The  Triceps  brachii  ( Triceps ;  Triceps  extensor  cubiti )  (Fig.  420)  is  situated  on 
the  back  of  the  arm,  extending  the  entire  length  of  the  dorsal  surface  of  the  humerus. 
It  is  of  large  size,  and  arises  by  three  heads  (long,  lateral,  and  medial),  hence  its 
name. 

The  long  head  arises  by  a  flattened  tendon  from  the  infraglenoid  tuberosity 
of  the  scapula,  being  blended  at  its  upper  part  with  the  capsule  of  the  shoulder- 
joint;  the  muscular  fibers  pass  downward  between  the  two  other  heads  of  the 
muscle,  and  join  with  them  in  the  tendon  of  insertion. 

The  lateral  head  arises  from  the  posterior  surface  of  the  body  of  the  humerus, 
between  the  insertion  of  the  Teres  minor  and  the  upper  part  of  the  groove  for  the 
radial  nerve,  and  from  the  lateral  border  of  the  humerus  and  the  lateral  intermus¬ 
cular  septum;  the  fibers  from  this  origin  converge  toward  the  tendon  of  insertion. 

The  medial  head  arises  from  the  posterior  surface  of  the  body  of  the  humerus, 
below  the  groove  for  the  radial  nerve;  it  is  narrow  and  pointed  above,  and  extends 
from  the  insertion  of  the  Teres  major  to  within  2.5  cm.  of  the  trochlea:  it  also 
wises  from  the  medial  border  of  the  humerus  and  from  the  back  of  the  whole 
length  of  the  medial  intermuscular  septum.  Some  of  the  fibers  are  directed 
downward  to  the  olecranon,  while  others  converge  to  the  tendon  of  insertion. 

The  tendon  of  the  Triceps  brachii  begins  about  the  middle  of  the  muscle:  it  con- 
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sists  of  two  aponeurotic  laminae,  one  of  which  is  subcutaneous  and  covers  the  back 
of  the  lower  half  of  the  muscle;  the  other  is  more  deeply  seated  in  the  substance 
of  the  muscle.  After  receiving  the  attachment  of  the  muscular  fibers,  the  two 
lamellae  join  together  above  the  elbow,  and  are  inserted,  for  the  most  part,  into 
the  posterior  portion  of  the  upper  surface  of  the  olecranon;  a  band  of  fibers  is, 
however,  continued  downward,  on  the  lateral  side,  over  the  Anconaeus,  to  blend 
with  the  deep  fascia  of  the  forearm. 

The  long  head  of  the  Triceps  brachii  descends  between  the  Teres  minor  and  Teres  major, 
dividing  the  triangular  space  between  these  two  muscles  and  the  humerus  into  two  smaller  spaces, 
one  triangular,  the  other  quadrangular  (Fig.  420).  The  triangular  space  contains  the  scapular 
circumflex  vessels;  it  is  bounded  by  the  Teres  minor  above,  the  Teres  major  below,  and  the 
scapular  head  of  the  Triceps  laterally.  The  quadrangular  space  transmits  the  posterior  humeral 
circumflex  vessels  and  the  axillary  nerve;  it  is  bounded  by  the  Teres  minor  and  capsule  of  the 
shoulder-joint  above,  the  Teres  major  below,  the  long  head  of  the  Triceps  brachii  medially,  and 
the  humerus  laterally. 

Variations. — A  fourth  head  from  the  inner  part  of  the  humerus;  a  slip  between  Triceps  and 
Latissimus  dorsi  corresponding  to  the  Dor&o-ejntrochlearis . 

The  Subanconssus  is  the  name  given  to  a  few  fibers  which  spring  from  the  deep  surface  of 
the  lower  part  of  the  Triceps  brachii,  and  are  inserted  into  the  posterior  ligament  and  synovial 
membrane  of  the  elbow-joint. 

Nerves. — The  Triceps  brachii  is  supplied  by  the  seventh  and  eighth  cervical  nerves  through 
the  radial  nerve. 

Actions. — The  Triceps  brachii  is  the  great  extensor  muscle  of  the  forearm,  and  is  the  direct 
antagonist  of  the  Biceps  brachii  and  Brachialis.  When  the  arm  is  extended,  the  long  head  of 
the  muscle  may  assist  the  Teres  major  and  Latissimus  dorsi  in  drawing  the  humerus  backward 
and  in  adducting  it  to  the  thorax.  The  long  head  supports  the  under  part  of  the  shoulder-joint. 
The  Subanconaeus  draws  up  the  synovial  membrane  of  the  elbow-joint  during  extension  of  the 
forearm. 

V.  THE  MUSCLES  AND  FASCUE  OF  THE  FOREARM. 

Antibrachial  Fascia  (fascia  antibraohii;  deep  fascia  of  the  forearm). — The  anti- 
brachial  fascia  continuous  above  with  the  brachial  fascia,  is  a  dense,  membranous 
investment,  which  forms  a  general  sheath  for  the  muscles  in  this  region;  it  is  at¬ 
tached,  behind ,  to  the  olecranon  and  dorsal  border  of  the  ulna,  and  gives  off  from  its 
deep  surface  numerous  intermuscular  septa,  which  enclose  each  muscle  separately. 
Over  the  Flexor  tendons  as  they  approach  the  wrist  it  is  especially  thickened,  and 
forms  the  volar  carpal  ligament.  This  is  continuous  with  the  transverse  carpal  liga¬ 
ment,  and  forms  a  sheath  for  the  tendon  of  the  Palmaris  longus  which  passes  over 
the  transverse  carpal  ligament  to  be  inserted  into  the  palmar  aponeurosis.  Behind , 
near  the  wrist-joint,  it  is  thickened  by  the  addition  of  many  transverse  fibers,  and 
forms  the  dorsal  carpal  ligament.  It  is  much  thicker  on  the  dorsal  than  on  the  volar 
surface,  and  at  the  lower  than  at  the  upper  part  of  the  forearm,  and  is  strengthened 
above  by  tendinous  fibers  derived  from  the  Biceps  brachii  in  front,  and  from  the 
Triceps  brachii  behind.  It  gives  origin  to  muscular  fibers,  especially  at  the  upper 
part  of  the  medial  and  lateral  sides  of  the  forearm,  and  forms  the  boundaries  of 
a  series  of  cone-shaped  cavities,  in  which  the  muscles  are  contained.  Besides  the 
vertical  septa  separating  the  individual  muscles,  transverse  septa  are  given  off 
both  on  the  volar  and  dorsal  surfaces  of  the  forearm,  separating  the  deep  from  the 
superficial  layers  of  muscles.  Apertures  exist  in  the  fascia  for  the  passage  of 
vessels  and  nerves;  one  of  these  apertures  of  large  size,  situated  at  the  front  of  the 
elbow,  serves  for  the  passage  of  a  communicating  branch  between  the  superficial 
and  deep  veins. 

The  antibrachial  or  forearm  muscles  may  be  divided  into  a  volar  and  a  dorsal 
group. 

1.  The  Volar  Antibrachial  Muscles. 

These  muscles  are  divided  for  convenience  of  description  into  two  groups, 
superficial  and  deep. 
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The  Superficial  Group  (Fig.  422). 

Pronator  teres.  Palmaris  longus. 

Flexor  carpi  radialis.  Flexor  carpi  ulnaris. 

Flexor  digitorum  sublimis. 

The  muscles  of  this  group  take  origin  from  the  medial  epicondyle  of  the  humerus 
by  a  common  tendon;  they  receive  additional  fibers  from  the  deep  fascia  of  the  fore¬ 
arm  near  the  elbow,  and  from  the  septa  which  pass  from  this  fascia  between  the 
individual  muscles. 

The  Pronator  teres  has  two  heads  of  origin — humeral  and  ulnar.  The  humeral 
head,  the  larger  and  more  superficial,  arises  immediately  above  the  medial  epi¬ 
condyle,  and  from  the  tendon  common  to  the  origin  of  the  other  muscles;  also 
from  the  intermuscular  septum  between  it  and  the  Flexor  carpi  radialis  and  from 
the  antibrachial  fascia.  The  ulnar  head  is  a  thin  fasciculus,  which  arises  from  the 
medial  side  of  the  coronoid  process  of  the  ulna,  and  joins  the  preceding  at  an  acute 
angle.  The  median  nerve  enters  the  forearm  between  the  two  heads  of  the  muscle, 
and  is  separated  from  the  ulnar  artery  by  the  ulnar  head.  The  muscle  passes  ob¬ 
liquely  across  the  forearm,  and  ends  in  a  flat  tendon,  which  is  inserted  into  a  rough 
impression  at  the  middle  of  the  lateral  surface  of  the  body  of  the  radius.  The 
lateral  border  of  the  muscle  forms  the  medial  boundary  of  a  triangular  hollow 
situated  in  front  of  the  elbow-joint  and  containing  the  brachial  artery,  median 
nerve,  and  tendon  of  the  Biceps  brachii. 

Variations. — Absence  of  ulnar  head;  additional  slips  from  the  medial  intermuscular  septum, 
from  the  Biceps  and  from  the  Brachialis  anticus  occasionally  occur. 

The  Plexor  carpi  radialis  lies  on  the  medial  side  of  the  preceding  muscle.  It 
arises  from  the  medial  epicondyle  by  the  common  tendon;  from  the  fascia  of  the 
forearm;  and  from  the  intermuscular  septa  between  it  and  the  Pronator  teres 
laterally,  the  Palmaris  longus  medially,  and  the  Flexor  digitorum  sublimis  beneath. 
Slender  and  aponeurotic  in  structure  at  its  commencement,  it  increases  in  size, 
and  ends  in  a  tendon  which  forms  rather  more  than  the  lower  half  of  its  length. 
This  tendon  passes  through  a  canal  in  the  lateral  part  of  the  transverse  carpal 
ligament  and  runs  through  a  groove  on  the  greater  multangular  bone;  the  groove 
is  converted  into  a  canal  by  fibrous  tissue,  and  lined  by  a  mucous  sheath.  The  ten¬ 
don  is  inserted  into  the  base  of  the  second  metacarpal  bone,  and  sends  a  slip  to 
the  base  of  the  third  metacarpal  bone.  The  radial  artery,  in  the  lower  part  of  the 
forearm,  lies  between  the  tendon  of  this  muscle  and  the  Brachioradialis. 

Variations. — Slips  from  the  tendon  of  the  Biceps,  the  lacertus  fibrosus,  the  coronoid,  and  the 
radius  have  been  found.  Its  insertion  often  varies  and  may  be  mostly  into  the  annular  ligament, 
the  trapezium,  or  the  fourth  metacarpal  as  well  as  the  second  or  third.  The  muscle  may  be 
absent. 

The  Palmaris  longus  is  a  slender,  fusiform  muscle,  lying  on  the  medial  side 
of  the  preceding.  It  arises  from  the  medial  epicondyle  of  the  humerus  by  the 
common  tendon,  from  the  intermuscular  septa  between  it  and  the  adjacent 
muscles,  and  from  the  antibrachial  fascia.  It  ends  in  a  slender,  flattened  tendon, 
which  passes  over  the  upper  part  of  the  transverse  carpal  ligament,  and  is  inserted 
into  the  central  part  of  the  transverse  carpal  ligament  and  lower  part  of  the 
palmar  aponeurosis,  frequently  sending  a  tendinous  slip  to  the  short  muscles  of 
the  thumb. 

Variations. — One  of  the  most  variable  muscles  in  the  body.  This  muscle  is  often  absent  about 
(10  per  cent.),  and  is  subject  to  many  variations;  it  may  be  tendinous  above  and  muscular  below; 
or  it  may  be  muscular  in  the  center  with  a  tendon  above  and  below;  or  it  may  present  two  muscular 
bundles  with  a  central  tendon;  or  finally  it  may  consist  solely  of  a  tendinous  band.  The  muscle 
may  be  double.  Slips  of  origin  from  the  coronoid  process  or  from  the  radius  have  been  seen. 
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Partial  or  complete  insertion  into  the  fascia 
of  the  forearm,  into  the  tendon  of  the  Flexor 
carpi  ul nans  and  pisiform  bone,  into  the 
navicular,  and  into  the  muscles  of  the  little 
finger  have  been  observed. 


The  Flexor  carpi  ulnaris  lies  along 
the  ulnar  side  of  the  forearm.  It 
arises  by  two  heads,  humeral  and 
ulnar,  connected  bv  a  tendinous  arch, 
beneath  which  the  ulnar  nerve  and 
posterior  ulnar  recurrent  artery  pass. 
The  humeral  head  arises  from  the 


Fm  422. — Front  of  the  loft  forearm. 

muscles, 


Superficial 


Fig.  423.~-Front  of  the  left  forearm.  Deep 
muscles. 
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medial  epicondyle  of  the  humerus  by  the  common  tendon;  the  ulnar  head 
arises  from  the  medial  margin  of  the  olecranon  and  from  the  upper  two-thirds 
of  the  dorsal  border  of  the  ulna  by  an  aponeurosis,  common  to  it  and  the  Extensor 
carpi  ulnaris  and  Flexor  digitorum  profundus;  and  from  the  intermuscular  septum 
between  it  and  the  Flexor  digitorum  sublimis.  The  fibers  end  in  a  tendon,  which 
occupies  the  anterior  part  of  the  lower  half  of  the  muscle  and  is  inserted  into  the 
pisiform  bone,  and  is  prolonged  from  this  to  the  hamate  and  fifth  metacarpal 
bones  by  the  pisohamate  and  pisometacarpal  ligaments;  it  is  also  attached  by  a 
few  fibers  to  the  transverse  carpal  ligament.  The  ulnar  vessels  and  nerve  lie  on 
the  lateral  side  of  the  tendon  of  this  muscle,  in  the  lower  two-thirds  of  the  forearm. 

Viria dons. — Slips  of  origin  from  the  ooronoid.  The  Epitrochleo-anconmis,  a  small  muscle  often 
present  runs  from  the  back  of  the  inner  condyle  to  the  olecranon,  over  the  ulnar  nerve. 

The  Flexor  digitorum  sublimis  is  placed  beneath  the  previous  muscle;  it  is 
the  largest  of  the  muscles  of  the  superficial  group,  and  arises  by  three  heads — 
humeral,  ulnar,  and  radial.  The  humeral  head  arises  from  the  medial  epicondyle 
of  the  humerus  by  the  common  tendon,  from  the  ulnar  collateral  ligament  of  the 
elbow-joint,  and  from  the  intermuscular  septa  between  it  and  the  preceding 
muscles.  The  ulnar  head  arises  from  the  medial  side  of  the  coronoid  process, 
above  the  ulnar  origin  of  the  Pronator  teres  (see  Fig.  218,  page  216).  The  radial 
head  arises  from  the  oblique  line  of  the  radius,  extending  from  the  radial  tuberosity 
to  the  insertion  of  the  Pronator  teres.  The  muscle  speedily  separates  into  two 
planes  of  muscular  fibers,  superficial  and  deep:  the  superficial  plane  divides  into 
two  parts  which  end  in  tendons  for  the  middle  and  ring  fingers;  the  deep  plane 
gives  off  a  muscular  slip  to  join  the  portion  of  the  superficial  plane  which  is  asso¬ 
ciated  with  the  tendon  of  the  ring  finger,  and  then  divides  into  two  parts,  which 
end  in  tendons  for  the  index  and  little  fingers.  As  the  four  tendons  thus  formed 
pass  beneath  the  transverse  carpal  ligament  into  the  palm  of  the  hand,  they  are 
arranged  in  pairs,  the  superficial  pair  going  to  the  middle  and  ring  fingers,  the  deep 
pair  to  the  index  and  little  fingers.  The  tendons  diverge  from  one  another  in  the 
palm  and  form  dorsal  relations  to  the  superficial  volar  arch  and  digital  branches 
of  the  median  and  ulnar  nerves.  Opposite  the  bases  of  the  first  phalanges  each 
tendon  divides  into  two  slips  to  allow  of  the  passage  of  the  corresponding  tendon 
of  the  Flexor  digitorum  profundus;  the  two  slips  then  reunite  and  form  a  grooved 
channel  for  the  reception  of  the  accompanying  tendon  of  the  Flexor  digitorum 
profundus.  Finally  the  tendon  divides  and  is  inserted  into  the  sides  of  the  second 
phalanx  about  its  middle. 

Yftristions. — Absence  of  radial  head,  of  little  finger  portion;  accessory  slips  from  ulnar  tuberosity 
to  the  index  and  middle  finger  portions;  from  the  inner  head  to  the  Flexor  profundus;  from  the 
ulnar  or  annular  ligament  to  the  little  finger. 

The  Deep  Group  (Fig.  423). 

Flexor  digitorum  profundus.  Flexor  pollicis  longus. 

Pronator  quadratus. 

The  Flexor  digitorum  profundus  is  situated  on  the  ulnar  side  of  the  forearm, 
immediately  beneath  the  superficial  Flexors.  It  arises  from  the  upper  three- 
fourths  of  the  volar  and  medial  surfaces  of  the  body  of  the  ulna,  embracing  the 
insertion  of  the  Brachialis  above,  and  extending  below  to  within  a  short  distance 
of  the  Pronator  quadratus.  It  also  arises  from  a  depression  on  the  medial  side  of 
the  coronoid  process;  by  an  aponeurosis  from  the  upper  three-fourths  of  the  dorsal 
border  of  the  ulna,  in  common  with  the  Flexor  and  Extensor  carpi  ulnaris;  and 
from  the  ulnar  half  of  the  interosseous  membrane.  The  muscle  ends  in  four  tendons 
which  run  under  the  transverse  carpal  ligament  dorsal  to  the  tendons  of  the  Flexor 
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digitorum  sublimis.  Opposite  the  first  phalanges  the  tendons  pass  through  the 
openings  in  the  tendons  of  the  Flexor  digitorum  sublimis,  and  are  finally  inserted 
into  the  bases  of  the  last  phalanges.  The  portion  of  the  muscle  for  the  index  finger 
is  usually  distinct  throughout,  but  the  tendons  for  the  middle,  ring,  and  little 
fingers  are  connected  together  by  areolar  tissue  and  tendinous  slips,  as  far  as  the 
palm  of  the  hand. 

Fibrous  Sheaths  of  the  Flexor  Tendons. — After  leaving  the  palm,  the  tendons 
of  the  Flexores  digitorum  sublimis  and  profundus  lie  in  osseo-aponeurotic  canals 
(Fig.  435),  formed  behind  by  the  phalanges  and  in  front  by  strong  fibrous  bands, 
which  arch  across  the  tendons,  and  are  attached  on  either  side  to  the  margins  of 
the  phalanges.  Opposite  the  middle  of  the  proximal  and  second  phalanges  the 
bands  (digital  vaginal  ligaments)  are  very  strong,  and  the  fibers  are  transverse; 
but  opposite  the  joints  they  are  much  thinner,  and  consist  of  annular  and  crueicUe 
ligamentous  fibers.  Each  canal  contains  a  mucous  sheath,  which  is  reflected  on 
the  contained  tendons. 

Within  each  canal  the  tendons  of  the  Flexores  digitorum  sublimis  and  profundus 
are  connected  to  each  other,  and  to  the  phalanges,  by  slender,  tendinous  bands, 
called  vincula  tendina  (Fig.  424).  There  are  two  sets  of  these;  (a)  the  vincula 
brevia,  which  are  two  in  number  in  each  finger,  and  consist  of  triangular  bands 
of  fibers,  one  connecting  the  tendon  of  the  Flexor  digitorum  sublimis  to  the  front 
of  the  first  interphalangeal  joint  and  head  of  the  first  phalanx,  and  the  other  the 
tendon  of  the  Flexor  digitorum  profundus  to  the  front  of  the  second  interphalan¬ 
geal  joint  and  head  of  the  second  phalanx;  (6)  the  vincula  longa,  which  connect 
the  under  surfaces  of  the  tendons  of  the  Flexor  digitorum  profundus  to  thosj  of  the 
subjacent  Flexor  sublimis  after  the  tendons  of  the  former  have  passed  through 
the  latter. 

Variations. — The  index  finger  portion  may  arise  partly  from  the  upper  part  of  the  radius.  Slips 
from  the  inner  head  of  the  Flexor  sublimis,  medial  epicondyle,  or  the  coronoid  are  found.  Connec¬ 
tion  with  the  Flexor  pollicis  longus. 

Four  small  muscles,  the  Lumbricales,  are  connected  with  the  tendons  of  the 
Flexor  profundus  in  the  palm.  They  will  be  described  with  the  muscles  of  the 
hand  (page  465). 

The  Flexor  pollicis  longus  is  situated  on  the  radial  side  of  the  forearm,  lying 
in  the  same  plane  as  the  preceding.  It  arises  from  the  grooved  volar  surface  of 
the  body  of  the  radius,  extending  from  immediately  below  the  tuberosity  and 
oblique  line  to  within  a  short  distance  of  the  Pronator  quadratus.  It  arises  also 
from  the  adjacent  part  of  the  interosseous  membrane,  and  generally  by  a  fleshy 
slip  from  the  medial  border  of  the  coronoid  process,  or  from  the  medial  epicondyle 
of  the  humerus.  The  fibers  end  in  a  flattened  tendon,  which  passes  beneath  the 
transverse  carpal  ligament,  is  then  lodged  between  the  lateral  head  of  the  Flexor 
pollicis  brevis  and  the  oblique  part  of  the  Adductor  pollicis,  and,  entering  an  osseo- 
aponeurotic  canal  similar  to  those  for  the  Flexor  tendons  of  the  fingers,  is  inserted 
into  the  base  of  the  distal  phalanx  of  the  thumb.  The  volar  interosseous  nerve 
and  vessels  pass  downward  on  the  front  of  the  interosseous  membrane  between 
the  Flexor  pollicis  longus  and  Flexor  digitorum  profundus. 

Variations. — Slips  may  connect  with  Flexor  sublimis,  or  Profundus,  or  Pronator  teres.  An  addi¬ 
tional  tendon  to  the  index  finger  is  sometimes  found. 

The  Pronator  quadratus  is  a  small,  flat,  quadrilateral  muscle,  extending  across 
the  front  of  the  lower  parts  of  the  radius  and  ulna.  It  arises  from  the  pronator 
ridge  on  the  lower  part  of  the  volar  surface  of  the  body  of  the  ulna;  from  the  medial 
part  of  the  volar  surface  of  the  lower  fourth  of  the  ulna;  and  from  a  strong  apon¬ 
eurosis  which  covers  the  medial  third  of  the  muscle.  The  fibers  pass  lateralward 
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and  slightly  downward,  to  be  inserted  into  the  lower  fourth  of  the  lateral  border 
and  the  volar  surface  of  the  body  of  the  radius.  The  deeper  fibers  of  the  muscle 
are  inserted  into  the  triangular  area  above  the  ulnar  notch  of  the  radius — an 
attachment  comparable  with  the  origin  of  the  Supinator  from  the  triangular  area 
below  the  radial  notch  of  the  ulna. 


.  Tendon  of  Atxluctor 
poll  ids  long  us 
^Greater  m  ultunguhir  bone 


T union  of  ExL 
carpi  tnd.  long iw" 


'Radial  artery 


Tendon  of  Ext . 
digitorum  communis 


Tendon  of  Ext.  pollias  brevis 


Tendon  of  Extensor  indici* 
proprius 


First  Lumbricalts. 


■ Tendon  of  Ext  poll  ids  long  us 


\  Flexor  dig  Horn  m  snWimis 
Flexor  dujitornm  profundus 


Vincula  brevia 


Vincula  longu 


Fa;.  424 . — Tendon*  of  forefirurer  unci  vinrula  tendiaa 


or  three  layers;  increased  attachment  upward  or 


Variations 


Hardy  absent;  split  into  tw 

downward. 

Nerves. — All  the  muscles  of  the  superficial  layer  are  supplied  by  the  median  nerve,  excepting 
the  Flexor  carpi  uLoaris,  which  is  supplied  by  the  ulnar-  The  Pronator  teres,  the  Flexor  carpi 
radklis,  and  the  Palmaria  lorigua  derive  their  supply  primarily  from  the  sixth  cervical  nerve; 
the  Flexor  digit  onun  sub  Hum  from  the  seventh  and  eighth  cervical  and  first  thoracic  nerves, 
and  the  Flexor  carpi  uln&ra  from  the  eighth  cervical  and  first  thoracic.  Of  the  deep  layer,  the 
Flexor  digit  oirum  profundus  is  supplied  by  the  eighth  cervical  and  first  thoracic  through  the 
ulnar,  and  the  volar  interosseous  branch  of  the  median.  Tho  flexor  poiiicis  longus  and  Pronator 
quadrat ua  are  supplied  by  the  eighth  cervical  and  first  thoracic  through  the  volar  interosseous 
branch  of  the  median. 

Actions— These  muscles  act  upon  the  forearm,  the  wrist,  and  hand.  The  Pronator  teres 
rotates  the  radius  upon  the  ulna,  rendering  the  hand  prone;  when  the  radius  is  fixed,  it  assists 
in  flexing  the  forearm.  The  Flexor  carpi  radial  in  is  a  flexor  and  abductor  of  the  wrist;  it  also 
agists  in  pronating  the  hand,  and  in  bending  the  elbow.  The  Flexor  carpi  ulnar  is  is  a  flexor  and 
adductor  of  the  wrist;  it  also  assists  in  bending  the  elbow.  The  Palmaris  longus  is  a  flexor  of  the 
wmt -joint;  it.  also  assists  in  flexing  the  elbow.  The  Flexor  digitorum  sublimes  flexes  first  the 
middle  and  then  the  proximal  phalanges;  it.  also  assists  in  flexing  the  wrist  and  elbow.  The 
Flexor  digitorum  profundus  is  one  of  the  flexors  of  the  phalanges.  Alter  the  Flexor  sublimis 
has  bent  the  second  phalanx,  the  Flexor  profundus  flexes  the  terminal  piiq;  but  it  cannot  do  so 
until  after  the  contraction  of  the  superficial  muscle.  It  also  assists  in  flexing  the  wrist.  The 
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The  Dorsal  Antibrachiai  Muscles 


These  muscles  are  divided  for  convenience  of  description  into  two  groups, 
superficial  and  deep. 

The  Superficial  Group  (Fig.  -l-hi). 

Brachioradialis.  .  -  .  .  .:.:• 

Extensor  carpi  radislts  jongus 
Extensor  carpi  fadia‘Us  bft;v5is. 


Extensor  carpi  uhwis. 

AnooaRfii. 

The  Brachioradialis  (Sufrinator  fotfijut)  is  the  most  supeffieiai  mvisele  on  the 
radial  side  of  the  forearm.  It  arm*:  from.- the  upper  two-thirds  of  the  lateral 
supracondylar  ridge  of  the  bumemx, ;*u^d  fjrom  the  lateral  ififermuscular  septum, 
being  limited  above  by  the  gfod’li^ Ml  thb  isacliol  nerve.  Interposed  between  it 


_ _  .................  _  .  ,  aenre; 

and  the  Brachialis  are  the  radial  nerve  and  the  anastomosis  between  the  anterior 
branch  of  the  profunda  artery  and  the  radial  recurrent.  The  fibers  end  above 
the  middle  of  the  forearm  in  »  flat  tendon,  which  is  I fuwrted  into  the  lateral  side 
of  the  base  of  the  styloid  j. recess  of  the  radius.  The  tendon  is  crossed  near  its 
insertion  by  the  tendons  of  .the  Abductor  pollicis  longus  and  Extensor  poilicis 


brevis;  on.  its  ulnar  suit:- is  the  radial  artery . 

VartatltmSi— -Fusion  with  iV-  .tirorhialk.;  teiidhp  of  insert  ion  may  ')*>„  divided  into  two  or  *taw> 
4tf'3.;  in*wi  ion  '  partial  at  •6om'iJ«»e>i^«j'the"MU)ild^r  "fit  the  minis;  fwseftsilf  to  tbe  teiuhm  of  the. 
tbe  tutj<;r<iufy,ftr  ohUaWhafr  of  tfus  radius;  dips  to  tbit  Exle&si/r  Carpi  rarfeJis  ionjrus  or 


Abductor.  poUiok  longus;  absence;  rarefy  doubled. 
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The  Extensor  carpi  radi&lis  longus  ( Extensor  carpi  radialis  longior )  is  placed  partly 
beneath  the  Brachioradialis.  It  arises  from  the  lower  third  of  the  lateral  supracon¬ 
dylar  ridge  of  the  humerus,  from  the  lateral  intermuscular  septum,  and  by  a  few 
fibers  from  the  common  tendon  of  origin  of  the  Extensor  muscles  of  the  forearm. 
The  fibers  end  at  the  upper  third  of  the  forearm  in  a  flat  tendon,  which  runs  along 
the  lateral  border  of  the  radius,  beneath  the  Abductor  pollicis  longus  and  Extensor 
pollicis  brevis;  it  then  passes  beneath  the  dorsal  carpal  ligament,  where  it  lies  in  a 
groove  on  the  back  of  the  radius  common  to  it  and  the  Extensor  carpi  radialis  brevis, 
immediately  behind  the  styloid  process.  It  is  inserted  into  the  dorsal  surface  of 
the  base  of  the  second  metacarpal  bone,  on  its  radial  side. 

The  Extensor  carpi  radialis  brevis  ( Extensor  carpi  radialis  brevior)  is  shorter  and 
thicker  than  the  preceding  muscle,  beneath  which  it  is  placed.  It  arises  from  the 
lateral  epicondyle  of  the  humerus,  by  a  tendon  common  to  it  and  the  three  following 
muscles;  from  the  radial  collateral  ligament  of  the  elbow-joint;  from  a  strong 
aponeurosis  which  covers  its  surface;  and  from  the  intermuscular  septa  between  it 
and  the  adjacent  muscles.  The  fibers  end  about  the  middle  of  the  forearm  in  a 
flat  tendon,  which  is  closely  connected  with  that  of  the  preceding  muscle,  and 
accompanies  it  to  the  wrist;  it  passes  beneath  the  Abductor  pollicis  longus  and 
Extensor  pollicis  brevis,  then  beneath  the  dorsal  carpal  ligament,  and  is  inserted 
into  the  dorsal  surface  of  the  base  of  the  third  metacarpal  bone  on  its  radial  side. 
Under  the  dorsal  carpal  ligament  the  tendon  lies  on  the  back  of  the  radius  in 
a  shallow  groove,  to  the  ulnar  side  of  that  which  lodges  the  tendon  of  the  Extensor 
carpi  radialis,  longus,  and  separated  from  it  by  a  faint  ridge. 

The  tendons  of  the  two  preceding  muscles  pass  through  the  same  compartment 
of  the  dorsal  carpal  ligament  in  a  single  mucous  sheath. 

Variations. — Either  muscle  may  split  into  two  or  three  tendons  of  insertion  to  the  second  and 
third  or  even  the  fourth  metacarpal.  The  two  muscles  may  unite  into  a  single  belly  with  two 
tendons.  Cross  slips  between  the  two  muscles  may  occur.  The  Extensor  carpi  radialis  inter - 
medius  rarely  arises  as  a  distinct  muscle  from  the  humerus,  but  is  not  uncommon  as  an  accessory 
slip  from  one  or  both  muscles  to  the  second  or  third  or  both  metacarpals.  The  Extensor  carpi 
radialis  accessorius  is  occasionally  found  arising  from  the  humerus  with  or  below  the  Extensor  carpi 
radialis  longus  and  inserted  into  the  first  metacarpal,  the  Abductor  pollicis  brevis,  the  First  dorsal 
interosseous,  or  elsewhere. 

The  Extensor  digitorum  communis  arises  from  the  lateral  epicondyle  of  the 
humerus,  by  the  common  tendon;  from  the  intermuscular  septa  between  it  and  the 
adjacent  muscles,  and  from  the  antibrachial  fascia.  It  divides  below  into  four 
tendons,  which  pass,  together  with  that  of  the  Extensor  indicis  proprius,  through 
a  separate  compartment  of  the  dorsal  carpal  ligament,  within  a  mucous  sheath. 
The  tendons  then  diverge  on  the  back  of  the  hand,  and  are  inserted  into  the  second 
and  third  phalanges  of  the  fingers  in  the  following  manner.  Opposite  the  meta¬ 
carpophalangeal  articulation  each  tendon  is  bound  by  fasciculi  to  the  collateral 
ligaments  and  serves  as  the  dorsal  ligament  of  this  joint;  after  having  crossed  the 
joint,  it  spreads  out  into  a  broad  aponeurosis,  which  covers  the  dorsal  surface  of 
the  first  phalanx  and  is  reinforced,  in  this  situation,  by  the  tendons  of  the  Inter- 
ossei  and  Lumbricalis.  Opposite  the  first  interphalangeal  joint  this  aponeurosis 
divides  into  three  slips;  an  intermediate  and  two  collateral:  the  former  is  inserted 
into  the  base  of  the  second^ phalanx;  and  the  two  collateral,  which  are  continued 
onward  along  the  sides  of  the  second  phalanx,  unite  by  their  contiguous  margins, 
and  are  inserted  into  the  dorsal  surface  of  the  last  phalanx.  As  the  tendons  cross 
the  interphalangeal  joints,  they  furnish  them  with  dorsal  ligaments.  The  tendon 
to  the  index  finger  is  accompanied  by  the  Extensor  indicis  proprius,  which  lies 
on  its  ulnar  side.  On  the  back  of  the  hand,  the  tendons  to  the  middle,  ring,  and 
little  fingers  are  connected  by  two  obliquely  placed  bands,  one  from  the  third 
tendon  passing  downward  and  lateralward  to  the  second  tendon,  and  the  other 
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passing  from  the  same  tendon  downward  and  medialward  to  the  fourth.  Occa¬ 
sionally  the  first  tendon  is  connected  to  the  second  by  a  thin  transverse  band. 

Variations. — An  increase  or  decrease  in  the  number  of  tendons  is  common;  an  additional  slip 
to  the  thumb  is  sometimes  present. 

The  Extensor  digiti  quinti  proprius  {Extensor  minimi  digiti)  is  a  slender  muscle 
placed  on  the  medial  side  of  the  Extensor  digitorum  communis,  with  which  it  is 
generally  connected.  It  arises  from  the  common  Extensor  tendon  by  a  thin 
tendinous  slip,  from  the  intermuscular  septa  between  it  and  the  adjacent  muscles. 
Its  tendon  runs  through  a  compartment  of  the  dorsal  carpal  ligament  behind  the 
distal  radio-ulnar  joint,  then  divides  into  two  as  it  crosses  the  hand,  and  finally 
joins  the  expansion  of  the  Extensor  digitorum  communis  tendon  on  the  dorsum 
of  the  first  phalanx  of  the  little  finger. 

Variations. — An  additional  fibrous  slip  from  the  lateral  epicondyle;  the  tendon  of  insertion  may 
not  divide  or  may  send  a  slip  to  the  ring  finger.  Absence  of  muscle  rare;  fusion  of  the  belly  with 
the  Extensor  digitorum  communis  not  uncommon. 

The  Extensor  carpi  uln&ris  lies  on  the  ulnar  side  of  the  forearm.  It  arises 
from  the  lateral  epicondyle  of  the  humerus,  by  the  common  tendon;  by  an  aponeu¬ 
rosis  from  the  dorsal  border  of  the  ulna  in  common  with  the  Flexor  carpi  ulnaris 
and  the  Flexor  digitorum  profundus;  and  from  the  deep  fascia  of  the  forearm. 
It  ends  in  a  tendon,  which  runs  in  a  groove  between  the  head  and  the  styloid 
process  of  the  ulna,  passing  through  a  separate  compartment  of  the  dorsal  carpal 
ligament,  and  is  inserted  into  the  prominent  tubercle  on  the  ulnar  side  of  the  base 
of  the  fifth  metacarpal  bone. 

Variations. — Doubling;  reduction  to  tendinous  band;  insertion  partially  into  fourth  metacarpal. 
In  many  cases  (52  per  cent.)  a  slip  is  continued  from  the  insertion  of  the  tendon  anteriorly 
over  the  Opponens  digiti  quinti,  to  the  fascia  covering  that  muscle,  the  metacarpal  bone,  the 
capsule  of  the  metacarpophalangeal  articulation,  or  the  first  phalanx  of  the  little  finger.  This  slip 
may  be  replaced  by  a  muscular  fasciculus  arising  from  or  near  the  pisiform. 

The  Anconseus  is  a  small  triangular  muscle  which  is  placed  on  the  back  of  the 
elbow-joint,  and  appears  to  be  a  continuation  of  the  Triceps  brachii.  It  arises 
by  a  separate  tendon  from  the  back  part  of  the  lateral  epicondyle  of  the  humerus; 
its  fibers  diverge  and  are  inserted  into  the  side  of  the  olecranon,  and  upper  fourth 
of  the  dorsal  surface  of  the  body  of  the  ulna. 


The  Deep  Group  (Fig.  427). 

Supinator.  Extensor  pollicis  brevis. 

Abductor  pollicis  longus.  Extensor  pollicis  longus. 

Extensor  indicis  proprius. 

The  Supinator  {Supinator  brevis )  (Fig.  428)  is  a  broad  muscle,  curved  around 
the  upper  third  of  the  radius.  It  consists  of  two  planes  of  fibers,  between  which 
the  deep  branch  of  the  radial  nerve  lies.  The  two  planes  arise  in  common — the 
superficial  one  by  tendinous  and  the  deeper  by  muscular  fibers — from  the  lateral 
epicondyle  of  the  humerus;  from  the  radial  collateral  ligament  of  the  elbow-joint, 
and  the  annular  ligament;  from  the  ridge  on  the  ulna,  which  runs  obliquely  down¬ 
ward  from  the  dorsal  end  of  the  radial  notch;  from  the  triangular  depression  below 
the  notch;  and  from  a  tendinous  expansion  which  covers  the  surface  of  the  muscle. 
The  superficial  fibers  surround  the  upper  part  of  the  radius,  and  are  inserted  into 
the  lateral  edge  of  the  radial  tuberosity  and  the  oblique  line  of  the  radius,  as  low 
down  as  the  insertion  of  the  Pronator  teres.  The  upper  fibers  of  the  deeper  plane 
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formi « *Hng-iike  fasciculus,  which  etwiroles  the  neck  of  the  ratltus  above  the  tuber¬ 
osity  and  i>  attached-  to  the :  back  part  of  li*  uiedjd  surface;  the  greater  part  t»f 
this  portion  of  the  unhide  is-  inserted  into  the- -dorsal  and  lateral  surfaces  <;•}'  rive 
body  of  the  radius,,  niichydy  between  the  oblique  lipe  anti  the  head  of  tfe;  iiotte, 

•*'  ~ ];•’  \  :  The  Abductor  polhcis  Ioapuj;!^p-_. 

>  tjw/wf  'Cctjr*  wriwearjw  potligm) 

foediattfy  below  the  Supinator  and 
is  soraeiilrtfV  united  with  it.  It 
or^es  frijijbthe  lateral  part  of  the 
dpt^l  s'hrfsft'O of  the  body  of  the  ulna 
below  the  insertion  id  the  Arieo- 
fidi-uki  ffdot  the  interosseous  oiejba-. 
Wane,  and  Biftbik1  thin  I  of 

the  dorsal  surface  of  the  body  of  the 
radius.  Passing phliqufdy  downward 
fi.  .  t  ,  .  .  and  Jat^1wiSSd,-.it:«ndsyB.';a  tendon,, 

on  the 

lateral  side  xif '  tfe  lower  end  of  the 
radius,  accorKpanicd  by  the  tendon 
<«f  the  'Extensor  poll  ids  breVts.  arid 
is  iimtipd  into  the*  ratlin!  side  of  rhc 
base  of  tlte’  first  metatarsal  hone. 
It  occasionally  gives  off  two  slips 
near  its  insertion;  one  to  the  greater 
eadtsagiilar  bone  and  the  other  to 
p blend  with  the  origin  of  t&  .Abdwt1- 
■  $§&***"“*>*' 


Jimijij  ■r-n'idterttl-  lfg%, 


rilt 


fh'  p  litovsk  of 


r  ^  Store  or  hw  u/ 

intfett*.  ‘  'm#,  ;fv'nd«t>  with  in^rtkfti'6^  the. 
^tra.  tirtidfii*  ini*  tiu*  6/s  fc  pul  tH& 

fugito^duri  op  pip;  yK«>  Ahdm-htr 
brevis *>r  j^liicis. 

The  ^  {Ex- 

fctmr  prtw*  Mtermij if  p0ms)  i?cs 
Tit.  m^ba  fiuphuLuv,  on  the  mcdkil  mb  of<  iuul  i$  ekendy 

competed  with,  the  Ahd.ueroT|)o(licis 
longue  It  anffpj  front  the,  <tor?$l  SUrfuce  of  the  body  of  the  radios  below  that 
mu^efe  the ^  ihterf^seoas  mHtiivraitie.  Its  -<lirijclk»n.; h. Similar  to  that  of 

the  Abductor  poHieis  lotigus,  its  tendon  pa ssing  through  tht*  same  groove  on  the 
lateral  sid^  of  the  lower  end  of  the  radius,  toAkt/inwriid  into  the  Imse  of  the  first* 
phalanx*  of  the  thumb. 

Vari&oens-“-r  At>5H‘nfve  ;  ttoon  Of  tendon  With  ttuit  oi  poHiPi^longua. 

The  Sr|ensor  pollicis  long-us  iEneimr  seenntii  inierntdii  jk>lliew)  is  much  larger 
than  the. prcceiling  musek;  the  origin  of  which  it  partly  trovers.  It  umw  from 
the  lateral  part  of  the  middle  third  of  the  dorsal  surface  of  the  body  i'j  the  ulna 
below  the  origin  of  the  Abductor  pollieis  lotigus.  and  frttm  the  interosseous  ruem- 
brariee  ••  li  kadis'  -in  which  passes  'through  a  separate  mmpartment  in  the 

dorsal  carpal  ligamentd  lying  in  a  ft&mrw,  oblique  groove  on  the  back  of  the  low  er 
end  of  the  radip^/  It  then  crosses  obliquely  the  tortdons  of.  th^;^0^U3ore$  carpi- 
radudis  iorigus  and  brevis,  and  Vs  sepiirated  from  the  Extensor  brevis  pollieis  by  a 
triangular  interval^  in  which  the  radial  artery  h  -foand;  and  is  finally  tmerfj.d  into 
the  base  of  the  hu*t  phithinx  oi  the:  thmnfcu  The  radial  artt$r>^  is  cros^d  by  the 
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tendons  of  the  Abductor  pollicis  longus  and  of  the  Extensores  pollicis  longus  and 
brevis. 

The  Extensor  indicis  proprius  ( Extensor  indicis)  is  a  narrow,  elongated  muscle, 
placed  medial  to,  and  parallel  with,  the  preceding.  It  arises ,  from  the  dorsal  sur¬ 
face  of  the  body  of  the  ulna  below  the  origin  of  the  Extensor  pollicis  longus,  and 
from  the  interosseous  membrane.  Its  tendon  passes  under  the  dorsal  carpal 
ligament  in  the  same  compartment  as  that  which  transmits  the  tendons  of  the 
Extensor  digitorum  communis,  and  opposite  the  head  of  the  second  metacarpal 
bone,  joins  the  ulnar  side  of  the  tendon  of  the  Extensor  digitorum  communis 
which  belongs  to  the  index  finger. 

Variations. — Doubling;  the  ulnar  part  may  pass  beneath  the  dorsal  carpal  ligament  with  the 
Extensor  digitorum  communis;  a  slip  from  the  tendon  may  pass  to  the  index  finger. 

Nerves. — The  Brachioradialis  is  supplied  by  the  fifth  and  sixth,  the  Extensores  carpi  radialis 
longus  and  brevis  by  the  sixth  and  seventh,  and  the  Anconaeus  by  the  seventh  and  eighth  cervical 
nerves,  through  the  radial  nerve;  Ihe  remaining  muscles  are  innervated  through  the  deep  radial 
nerve,  the  Supinator  being  supplied  by  the  sixth,  and  all  the  other  muscles  by  the  seventh  cervical. 

Actions. — The  muscles  of  the  lateral  and  dorsal  aspects  of  the  forearm,  which  comprise  all 
the  Extensor  muscles  and  the  Supinator,  act  upon  the  forearm,  wrist,  and  hand;  they  are  the 
direct  antagonists  of  the  Pronator  and  Flexor  muscles.  The  Anconaeus  assists  the  Triceps  in 
extending  the  forearm.  The  Brachioradialis  is  a  flexor  of  the  elbow-joint,  but  only  acts  as  such 
when  the  movement  of  flexion  has  been  initiated  by  the  Biceps  brachii  and  Brachialis.  The 
action  of  the  Supinator  is  suggested  by  its  name;  it  assists  the  Biceps  in  bringing  the  hand  into 
the  supine  position.  The  Extensor  carpi  radialis  longus  extends  the  wrist  and  abducts  the  hand. 
It  may  also  assist  in  bending  the  elbow-joint;  at  all  events  it  serves  to  fix  or  steady  this  articula¬ 
tion.  The  Extensor  carpi  radialis  brevis  extends  the  wrist,  and  may  also  act  slightly  as  an  abductor 
of  the  hand.  The  Extensor  carpi  ulnaris  extends  the  wrist,  but  when  acting  alone  inclines  the 
hand  toward  the  ulnar  side;  by  its  continued  action  it  extends  the  elbow-joint.  The  Extensor 
digitorum  communis  extends  the  phalanges,  then  the  wrist,  and  finally  the  elbow.  It  acts  prin¬ 
cipally  on  the  proximal  phalanges,  the  middle  and  terminal  phalanges  being  extended  mainly 
by  the  Interossei  and  Lumbricales.  It  tends  to  separate  the  fingers  as  it  extends  them.  The 
Extensor  digiti  quinti  proprius  extends  the  little  finger,  and  by  its  continued  action  assists  in 
extending  the  wrist.  It  is  owing  to  this  muscle  that  the  little  finger  can  be  extended  or  pointed 
while  the  others  are  flexed.  The  chief  action  of  the  Abductor  pollicis  longus  is  to  carry  the  thumb 
laterally  from  the  palm  of  the  hand.  By  its  continued  action  it  helps  to  extend  and  abduct  the 
wrist.  The  Extensor  pollicis  brevis  extends  the  proximal  phalanx,  and  the  Extensor  pollicis 
bogus  the  terminal  phalanx  of  the  thumb;  by  their  continued  action  they  help  to  extend  and 
abduct  the  wrist.  The  Extensor  indicis  proprius  extends  the  index  finger,  and  by  its  continued 
action  assists  in  extending  the  wrist. 


VI.  THE  MUSCLES  AND  FASCIA  OF  THE  HAND. 

The  muscles  of  the  hand  are  subdivided  into  three  groups:  (1)  those  of  the 
thumb,  which  occupy  the  radial  side  and  produce  the  thenar  eminence;  (2)  those 
of  the  little  finger,  which  occupy  the  ulnar  side  and  give  rise  to  the  hypothenar 
eminence;  (3)  those  in  the  middle  of  the  palm  and  between  the  metacarpal  bones. 

War  Carpal  Ligament  ( ligamentum  carpi  volar e). — The  volar  carpal  ligament 
is  the  thickened  band  of  antibrachial  fascia  which  extends  from  the  radius  to  the 
ulna  over  the  Flexor  tendons  as  they  enter  the  wrist. 

Transverse  Carpal  ligament  (ligamentum  carpi  transversum;  anterior  annular 
ligament )  (Figs.  429,  430). — The  transverse  carpal  ligament  is  a  strong,  fibrous 
band,  which  arches  over  the  carpus,  converting  the  deep  groove  on  the  front  of 
the  carpal  bones  into  a  tunnel,  through  which  the  Flexor  tendons  of  the  digits 
and  the  median  nerve  pass.  It  is  attached,  medially,  to  the  pisiform  and  the 
hamulus  of  the  hamate  bone;  laterally,  to  the  tuberosity  of  the  navicular,  and  to 
the  medial  part  of  the  volar  surface  and  the  ridge  of  the  greater  multangular.  It 
is  continuous,  above,  with  the  volar  carpal  ligament;  and  below,  with  the  palmar 
aponeurosis.  It  is  crossed  by  the  ulnar  vessels  and  nerve,  and  the  cutaneous 
branches  of  the  median  and  ulnar  nerves.  At  its  lateral  end  is  the  tendon  of  the 
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Flexor  carpi  r&dialk  which  lies  in  the  groove  on  the  greater  multangular  between 
thetmaehuwsUs  of  the  ligament  to  the  hone.  On  its  volar  surface  the  tendons  of 
the  Falmaris  iongus  and  Flexor  carpi  ufttaris  ore  partly  inserted;  below*  it  gives 
ori&ui  to  the  shprt  niusi.*h?s  of  the  thumb  nful  little  finger 
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The  Macons  Sheatha  of  the  Tendons  on  the  front  of  the  Wrist.— Two  sheaths  envelop 
the  tendons  as  they,  pass  beneath  the  transverse  earpal  ligarhent.  one  for  the 
Flexures  digitorum sitbjhufe  ami  profundus,  the  other  for  the  Flexor  poUuB 
longiis  i.Fig.  431' .  They  extend  into  tile  forearm  for  about  2.5  cm.  above  Uk- 
^feepsJ^liigfefiSBd^  jit»d  communicate  with  each  other  under 
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the  ligament.  Tlx:  sheath  winch  .surrounds  the.  Flexures  digitorunj  extends  donm- 
waxd  abojit  haif-v  ivy  aiprig  the  metacarpal  leones,  where  it  ends  in  blind  diverticula 
around  the  tendons  to  the  index,  middle, ; and  ring  fingers.  It  is  prolonged  on 
It^fe^^appiSi-tpythe  little  .finger  and  usually  communicates-  with  the  mucous 
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sheath  of  these  tendons.  The  sheath  of  the  tendon  of  the  Flexor  poliicis  longus 
is  continued  along  the  thumb  as  far  as  the  insertion  of  the  tendon.  The  mucous 
sheaths  enveloping  the  terminal  parts  of  the  tendons  of  the  Flexores  digitorum 
have  been  described  on  page  450. 
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Yu,  431.-— The  mucous  sheath*  of  the  tendons  on  the  front  of  tho  wrist  and  digits. 


Dorsal  Carpal  Ligament  ( ligamentum  carpi  dor  ml  e;  posterior  annular  ligament) 
-Figs.  420,  430).  — The  dorsal  carpal  ligament  is  a  strong,  fibrous  band,  extending 
obliquely  downward  and  mediaiward  across  the  back  of  the  wrist,  and  consisting 
of  part  of  the  deep  fascia  of  the  back  of  the  forearm,  strengthened  by  the  addition 
of  some  transverse  fibers.  It  is  attached,  medially ,  to  the  styloid  process  of  the  ulna 
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and  to  the  triangular  and  pisiform  bones;  laterally y  to  the  lateral  margin  of  the 
radius;  and,  in  its  passage  across  the  wrist,  to  the  ridges  on  the  dorsal  surface  of 
the  radius. 


Fia.  432. — The  mucous  sheaths  of  the  tendons  on  the  back  of  the  wrist. 


The  Macons  Sheaths  of  the  Tendons  on  the  Back  of  the  Wrist. — Between  the  dorsal 
carpal  ligament  and  the  bones  six  compartments  are  formed  for  the  passage  of 
tendons,  each  compartment  having  a  separate  mucous  sheath.  One  is  found  in 
each  of  the  following  positions  (Fig.  432) :  (1)  on  the  lateral  side  of  the  styloid  pro¬ 
cess,  for  the  tendons  of  the  Abductor  pollicis  longus  and  Extensor  pollicis  brevis; 
(2)  behind  the  styloid  process,  for  the  tendons  of  the  Extensores  carpi  radialis 
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longus  and  brevis;  (3)  about  the  middle  of  the  dorsal  surface  of  the  radius,  for  the 
tendon  of  the  Extensor  pollicis  longus;  (4)  to  the  medial  side  of  the  latter,  for  the 
tendons  of  the  Extensor  digitorum  communis  and  Extensor  indicis  proprius;  (5) 
opposite  the  interval  between  the  radius  and  ulna,  for  the  Extensor  digiti  quinti 
proprius;  (6)  between  the  head  and  styloid  process  of  the  ulna,  for  the  tendon  of 
the  Extensor  carpi  ulnaris.  The  sheaths  lining  these  compartments  extend  from 
above  the  dorsal  carpal  ligament;  those  for  the  tendons  of  Abductor  pollicis  longus, 
Extensor  brevis  pollicis,  Extensores  carpi  radialis,  and  Extensor  carpi  ulnaris 
stop  immediately  proximal  to  the  bases  of  the  metacarpal  bones,  while  the  sheaths 
for  Extensor  communis  digitorum,  Extensor  indicis  proprius,  and  Extensor  digiti 
quinti  proprius  are  prolonged  to  the  junction  of  the  proximal  and  intermediate 
thirds  of  the  metacarpus. 


Ptx.pti  dfyUvl  artery  and  nerve 


it  One' 


Fio.  433 — Tbe  palmar  aponeurosis. 


Palmar  Aponeurosis  (aponeurosis  palviaru;  palmar  fascia)  (Fig.  433). — The 
palmar  aponeurosis  invests  the  muscles  of  the  palm,  and  consists  of  central,  lateral, 
and  medial  portions. 

The  central  portion  occupies  the  middle  of  the  palm,  is  triangular  in  shape,  and 
of  great  strength  and  thickness.  Its  apex  is  continuous  with  the  lower  margin 
of  the  transverse  carpal  ligament,  and  receives  the  expanded  tendon  of  the  Pah 


MYOLOGY 


402 

maris  longus.  Its  base  divides  below  into  four  slips,  one  for  each  finger.  Each 
slip  gives  off  superficial  fibers  to  the  skin  of  the  palm  and  finger,  those  to  the  palm 
joining  the  skin  at  the  furrow  corresponding  to  the  metacarpophalangeal  articula¬ 
tions,  and  those  to  the  fingers  passing  into  the  skin  at  the  transverse  fold  at  the 
bases  of  the  fingers.  The  deeper  part  of  each  slip  subdivides  into  two  processes, 
which  are  inserted  into  the  fibrous  sheaths  of  the  Flexor  tendons.  From  the  sides 
of  these  processes  offsets  are  attached  to  the  transverse  metacarpal  ligament. 
By  this  arrangement  short  channels  are  formed  on  the  front  of  the  heads  of  the 
metacarpal  bones;  through  these  the  Flexor  tendons  pass.  The  intervals  between 
the  four  slips  transmit  the  digital  vessels  and  nerves,  and  the  tendons  of  the  Lum- 
bricales.  At  the  points  of  division  into  the  slips  mentioned,  numerous  strong, 
transverse  fasciculi  bind  the  separate  processes  together.  The  central  part  of  the 
palmar  aponeurosis  is  intimately  bound  to  the  integument  by  dense  fibroareolar 
tissue  forming  the  superficial  palmar  fascia,  and  gives  origin  by  its  medial  margin 
to  the  Palmaris  brevis.  It  covers  the  superficial  volar  arch,  the  tendons  of  the 
Flexor  muscles,  and  the  branches  of  the  median  and  ulnar  nerves;  and  on  either 
side  it  gives  off  a  septum,  which  is  continuous  with  the  interosseous  aponeurosis, 
and  separates  the  intermediate  from  the  collateral  groups  of  muscles. 

The  lateral  and  medial  portions  of  the  palmar  aponeurosis  are  thin,  fibrous  layers, 
which  cover,  on  the  radial  side,  the  muscles  of  the  ball  of  the  thumb,  and,  on  the 
ulnar  side,  the  muscles  of  the  little  finger;  they  are  continuous  with  the  central 
portion  and  with  the  fascia  on  the  dorsum  of  the  hand. 

The  Superficial  Transverse  Ligament  of  the  Fingers  is  a  thin  band  of  transverse 
fasciculi  (Fig.  433) ;  it  stretches  across  the  roots  of  the  four  fingers,  and  is  closely 
attached  to  the  skin  of  the  clefts,  and  medially  to  the  fifth  metacarpal  bone, 
forming  a  sort  of  rudimentary  web.  Beneath  it  the  digital  vessels  and  nerves 
pass  to  their  destinations. 

1.  The  Lateral  Tolar  Muscles  (Figs.  434,  435). 

Abductor  pollicis  brevis.  Flexor  pollicis  brevis. 

Opponens  pollicis.  Adductor  pollicis  (obliquus). 

Adductor  pollicis  (transversus). 

The  Abductor  pollicis  brevis  ( Abductor  pollicis)  is  a  thin,  flat  muscle,  placed 
immediately  beneath  the  integument.  It  arises  from  the  transverse  carpal  liga¬ 
ment,  the  tuberosity  of  the  navicular,  and  the  ridge  of  the  greater  multangular, 
frequently  by  two  distinct  slips.  Running  lateralward  and  downward,  it  is 
inserted  by  a  thin,  flat  tendon  into  the  radial  side  of  the  base  of  the  first  phalanx 
of  the  thumb  and  the  capsule  of  the  metacarpophalangeal  articulation. 

The  Opponens  pollicis  is  a  small,  triangular  muscle,  placed  beneath  the  pre¬ 
ceding.  It  arises  from  the  ridge  on  the  greater  multangular  and  from  the  trans¬ 
verse  carpal  ligament,  passes  downward  and  lateralward,  and  is  inserted  into  the 
whole  length  of  the  metacarpal  bone  of  the  thumb  on  its  radial  side. 

The  Flexor  pollicis  brevis  consists  of  two  portions,  lateral  and  medial.  The 
lateral  and  more  superficial  portion  arises  from  the  lower  border  of  the  transverse 
carpal  ligament  and  the  lower  part  of  the  ridge  on  the  greater  multangular  bone; 
it  passes  along  the  radial  side  of  the  tendon  of  the  Flexor  pollicis  longus,  and, 
becoming  tendinous,  is  inserted  into  the  radial  side  of  the  base  of  the  first  phalanx 
of  the  thumb;  in  its  tendon  of  insertion  there  is  a  sesamoid  bone.  The  medial 
and  deeper  portion  of  the  muscle  is  very  small,  and  arises  from  the  ulnar  side  of  the 
first  metacarpal  bone  between  the  Adductor  pollicis  (obliquus)  and  the  lateral 
head  of  the  first  Interosseous  dorsalis,  and  is  inserted  into  the  ulnar  side  of  the  base 
of  the  first  phalanx  with  the  Adductor  pollicis  (obliquus).  The  medial  part  of 
the  Flexor  brevis  pollicis  is  sometimes  described  as  the  first  Interosseous  vol&ris. 
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The  Adductor  pollicis  (obliquus)  ( Adductor  obliquus  poUiei s)  arises  by  several 
slips  from  the  capitate  bone,  the  bases  of  the  second  and  third  metaearpals,  the 
intercarpal  ligaments,  and  the  sheath  of  the  tendon  of  the  Flexor  carpi  radialis. 
From  this  origin  the  greater  number  of  fibers  pass  obliquely  downward  and  con¬ 
verge  to  a  tendon^  which,  uniting  with  the  tendons  of  the  medial  portion  of  the 
Flexor  pollicis  brevis  and  the  transverse  part  of  the  Adductor,  is  inserted  into 
the  ulnar  side  of  the  base  of  the  first  phalanx  of  the  thumb,  a  sesamoid  bone 
being  present  in  the  tendon.  A  considerable  fasciculus,  however,  passes  more 
obliquely  beneath  the  tendon  of  the  Flexor  pollicis  loiigus  to  join  the  lateral  portion 
of  the  Flexor  brevis  and  the  Abductor  pollicis  brevis. 
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The  Adductor  pollicis  (tr&nsversus)  (Adductor  tra  turners  us  pollicis)  (Fig.  434) 
is  the  most  deeply  seated  of  this  group  of  muscles.  It  is  of  a  triangular  form 
arising  by  a  broad  base  from  the  lower  two-thirds  of  the  volar  surface  of  the 
third  metacarpal  bone;  the  fibers  converge,  to  be  inserted  with  the  medial  part  of 
the  Flexor  pollicis  brevis  and  the  Adductor  pollicis  (obliquus)  into  the  ulnar  side 
of  the  base  of  the  first  phalanx  of  the  thumb. 

VAriationa. — The  Abductor  pollicis  brevis  is  often  divided  into  an  outer  and  an  inner  part ; 
accessory  from  the  tendon  of  the  Abductor  pollicis  longus  or  Palmar  is  Jongus,  more  rarely 
'rem  the  Extensor  carpi  radialis  longus,  from  the  styloid  process  or  Opponent  pollicis  or  from  the 
skin  over  the  thenar  eminence.  The  deep  head  of  the  Flexor  pollicis  brevis  may  be  absent  or 
enlarged.  The  t  wo  adductors  vary  in  their  relative  extent  and  in  the  closeness  of  their  connection. 
Tbc  Adductor  obliquus  may  receive  a  slip  from  the  transverse,  metacarpal  ligament. 

Nerve*. — The  Abductor  brevis.  Opponent,  and  lateral  head  of  the  Flexor  pollicis  brevis  are 
supplied  by  the  sixth  and  seventh  cervical  nerves  through  the  median  nerve;  the  medial  head 
of  the  Flexor  brevis,  and  the  Adductor,  by  the  eighth  cervical  through  the  ulnar  nerve. 

Actions.— The  Abductor  pollicis  brevis  draws  the  thumb  forward  in  a  plane  at  right  angles 
to  that  of  the  palm  of  the  hand.  The  Adductor  pollicis  is  the  opponent  of  this  muscle,  and  approxb 
the  thumb  to  the  palm.  The  Opponens  pollicis  flexes  the  metacarpal  bone,  i.  e.,  draws 
it  medialward  over  the  pahn;  the  Flexor  pollicis  brevis  Sexes  and  adducts  the  proximal  phalanx. 


The  Medial  Volar  Muscles  (Figs.  434,  433). 


Palmaris  brevis. 
Abductor  digit i  quint i. 


Flexor  digit i  quinti  brevis. 
Opponens  digiti  quinti. 
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The  Palmaris  brevis  is  a  thin,  quadrilateral  rausde,  placed  beneath  the  integu¬ 
ment  of  the  ulnar  side  of  the  hand.  It  arises  by  tendinous  fasciculi  from  the 
transverse  carpal  ligament  and  palmar  aponeurosis;  the  fleshy  fibers  are  inserted 
into  the  skin  on  the  ulnar  border  of  the  palm  of  the  hand. 


Fio.  43o- — The  muscles  of  the  left  hand.  Palmar  surface. 


The  Abductor  digiti  quinti  ( Abductor 


minimi  digiti)  is  situated  on  the  ulnar 
border  of  the  palm  of  the  hand.  It  arises  from  the  pisiform  bone  and  from  the 
tendon  of  the  Flexor  carpi  ulnaris,  and  ends  in  a  flat  tendon,  which  divides  into  two 
slips;  one  is  inserted  into  the  ulnar  side  of  the  base  of  the  first  phalanx  of  the  little 
finger;  the  other  into  the  ulnar  border  of  the  aponeurosis  of  the  Extensor  digiti 
quinti  proprius. 
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The  Flexor  digiti  quinti  brevis  ( Flexor  brevis  minimi  digiti)  lies  on  the  same 
plane  as  the  preceding  muscle,  on  its  radial  side.  It  arises  from  the  convex  surface 
of  the  hamulus  of  the  hamate  bone,  and  the  volar  surface  of  the  transverse  carpal 
ligament,  and  is  inserted  into  the  ulnar  side  of  the  base  of  the  first  phalanx  of  the 
little  finger.  It  is  separated  from  the  Abductor,  at  its  origin,  by  the  deep  branches 
of  the  ulnar  artery  and  nerve.  This  muscle  is  sometimes  wanting;  the  Abductor 
is  then,  usually,  of  large  size. 

The  Opponens  digiti  quinti  ( Opponens  minimi  digiti)  (Fig.  434)  is  of  a  tri¬ 
angular  form,  and  placed  immediately  beneath  the  preceding  muscles.  It  arises 
from  the  convexity  of  the  hamulus  of  the  hamate  bone,  and  contiguous  portion 
of  the  transverse  carpal  ligament;  it  is  inserted  into  the  whole  length  of  the  meta¬ 
carpal  bone  of  the  little  finger,  along  its  ulnar  margin. 

Variations. — The  Pal  mans  brevis  varies  greatly  in  size.  The  Abductor  digiti  quinti  may  be 
divided  into  two  or  three  slips  or  united  with  the  Flexor  digiti  quinti  brevis.  Accessory  head  from 
the  tendon  of  the  Flexor  carpi  ulnaris,  the  transverse  carpal  ligament,  the  fascia  of  the  forearm 
or  the  tendon  of  the  Palmaris  longus.  A  portion  of  the  muscle  may  insert  into  the  metacarpal, 
or  separate  slips  the  Pisimetacarpus ,  Pisiuncinatus  or  the  Pisianmdaris  muscle  may  exist. 

Nerves. — All  the  muscles  of  this  group  are  supplied  by  the  eighth  cervical  nerve  through  the 
ulnar  nerve. 

Actions. — The  Abductor  and  Flexor  digiti  quinti  brevis  abduct  the  little  finger  from  the  ring 
finger  and  assist  in  flexing  the  proximal  phalanx.  The  Opponens  digiti  quinti  draws  forward 
the  fifth  metacarpal  bone,  so  as  to  deepen  the  hollow  of  the  palm.  The  Palmaris  brevis  corrugates 
the  skin  on  the  ulnar  side  of  the  palm. 

3.  The  Intermediate  Muscles. 


Lumbricales.  Interossei. 

The  Lumbricales  (Fig.  435)  are  four  small  fleshy  fasciculi,  associated  with  the 
tendons  of  the  Flexor  digitorum  profundus.  The  first  and  second  arise  from  the 
radial  sides  and  volar  surfaces  of  the  tendons  of  the  index  and  middle  fingers 
respectively;  the  third,  from  the  contiguous  sides  of  the  tendons  of  the  middle  and 
ring  fingers;  and  the  fourth,  from  the  contiguous  sides  of  the  tendons  of  the  ring 
and  little  fingers.  Each  passes  to  the  radial  side  of  the  corresponding  finger,  and 
opposite  the  metacarpophalangeal  articulation  is  inserted  into  the  tendinous 
expansion  of  the  Extensor  digitorum  communis  covering  the  dorsal  aspect  of  the 
finger. 

Variations. — The  Lumbricales  vary  in  number  from  two  to  five  or  six  and  there  is  considerable 
variation  in  insertions. 

The  Interossei  (Figs.  436,  437)  are  so  named  from  occupying  the  intervals 
between  the  metacarpal  bones,  and  are  divided  into  two  sets,  a  dorsal  and  a  volar. 

The  Interossei  dorsales  (Dorsal  interossei)  are  Jour  in  number,  and  occupy  the 
intervals  between  the  metacarpal  bones.  They  are  bipenniform  muscles,  each  arising 
by  two  heads  from  the  adjacent  sides  of  the  metacarpal  bones,  but  more  exten¬ 
sively  from  the  metacarpal  bone  of  the  finger  into  which  the  muscle  is  inserted. 
They  are  inserted  into  the  bases  of  the  first  phalanges  and  into  the  aponeuroses 
o{  the  tendons  of  the  Extensor  digitorum  communis.  Between  the  double  origin 
of  each  of  these  muscles  is  a  narrow  triangular  interval;  through  the  first  of  these 
the  radial  artery  passes;  through  each  of  the  other  three  a  perforating  branch  from 
the  deep  volar  arch  is  transmitted. 

The  first  or  Abductor  indicia  is  larger  than  the  others.  It  is  fiat,  triangular  in 
form,  and  arises  by  two  heads,  separated  by  a  fibrous  arch  for  the  passage  of  the 
radial  artery  from  the  dorsum  to  the  palm  of  the  hand.  The  lateral  head  arises 
from  the  proximal  half  of  the  ulnar  border  of  the  first  metacarpal  bone;  the  medial 
head,  from  almost  the  entire  length  of  the  radial  border  of  the  second  metacarpal 

bone;  the  tendon  is  inserted  into  the  radial  side  of  the  index  finger.  The  second 
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and  third  are  inserted  into  the  middle  finger,  the  former  into  its  radial,  the  latter 
into  its  ulnar  side.  The  fourth  is  inserted  into  the  ulnar  side  of  the  ring  finger. 

The  Xnterossei  volar es  (Palmar  interossei),  three  in  number,  are  smaller  than  the 
Interossei  dorsales,  and  placed  upon  the  volar  surfaces  of  the  metacarpal  bones, 
rather  than  between  them.  Each  arises  from  the  entire  length  of  the  metacarpal 
bone  of  one  finger,  and  is  inserted  into  the  side  of  the  base  of  the  first  phalanx  and 
aponeurotic  expansion  of  the  Extensor  communis  tendon  to  the  same  finger. 

The  first  arises  from  the  ulnar  side  of  the  second  metacarpal  bone,  and  is  inserted 
into  the  same  side  of  the  first  phalanx  of  the  index  finger.  The  second  arises  from 
the  radial  side  of  the  fourth  metacarpal  bone,  and  is  inserted  into  the  same  side 
of  the  ring  finger.  The  third  arises  from  the  radial  side  of  the  fifth  metacarpal 
bone,  and  is  inserted  into  the  same  side  of  the  little  finger.  From  this  account 
it  may  be  seen  that  each  finger  is  provided  with  two  Interossei,  with  the  exception 
of  the  little  finger,  in  which  the  Abductor  takes  the  place  of  one  of  the  pair. 

As  already  mentioned  (p.  462),  the  medial  head  of  the  Flexor  pollicis  brevis  is 
sometimes  described  as  the  Interosseus  vol&ris  primus. 


Nerves. — The  two  lateral  Lumbricales  are  supplied  by  the  sixth  and  seventh  cervical  nerves, 
through  the  third  and  fourth  digital  branches  of  the  median  nerve;  the  two  medial  Lumbricales 
and  all  the  Interossei  are  supplied  by  the  eighth  cervical  nerve,  through  the  deep  palmar  branch 
of  the  ulnar  nerve.  The  third  Lumbricalis  frequently  receives  a  twig  from  the  median. 

Actions. — The  Interossei  volares  adduct  the  fingers  to  an  imaginary  line  drawn  longitudinally 
through  the  center  of  the  middle  finger;  and  the  Interossei  dorsales  abduct  the  finger  from  that 
line.  In  addition  to  this  the  Interossei,  in  conjunction  with  the  Lumbricales,  nex  the  first 
phalanges  at  the  metacarpophalangeal  joints,  and  extend  the  second  and  third  phalanges  in 
consequence  of  their  insertions  into  the  expansions  of  the  Extensor  tendons.  The  Extensor 
digitonim  communis  is  believed  to  act  almost  entirely  on  the  first  phalanges. 

THE  MUSCLES  AND  FASCLS  OF  THE  LOWER  EXTREMITY. 

The  muscles  of  the  lower  extremity  are  subdivided  into  groups  corresponding 
with  the  different  regions  of  the  limb. 

I.  Muscles  of  the  Iliac  Region. 

II.  Muscles  of  the  Thigh, 


III.  Muscles  of  the  Leg. 

IV.  Muscles  of  the  Foot. 


THE  MUSCLES  AND  FASCLE  OF  THE  ILIAC  REGION 


L  THE  MUSCLES  AND  FASCL3S  OF  THE 
ILIAC  REGION  (Fig.  438). 

Psoas  major.  Psoas  minor.  Iliacus. 

The  Fascia  Covering  the  Psoas  and  Iliacus  is 

thin  above,  and  becomes  gradually  thicker 
below  as  it  approaches  the  inguinal  ligament. 

The  portion  covering  the  Psoas  is  thickened 
abate  to  form  the  medial  lumbocostal  arch, 
which  stretches  from  the  transverse  process  of 
the  first  lumbar  vertebra  to  the  body  of  the 
second.  Medially t  it  is  attached  by  a  series  of 
arched  processes  to  the  intervertebral  fibro- 
cartilages,  and  prominent  margins  of  the  bodies 
of  the  vertebra,  and  to  the  upper  part  of  the 
sacrum;  the  intervals  left,  opposite  the  con¬ 
stricted  portions  of  the  bodies,  transmit  the 
lumbar  arteries  and  veins  and  filaments  of  the 
sympathetic  trunk.  Laterally ,  above  the  crest 
of  the  ilium,  it  is  continuous  with  the  fascia 
covering  the  front  of  the  Quadratus  lumborum 
(see  page  420),  while  below  the  crest  of  the 
ilium  it  is  continuous  with  the  fascia  covering 
the  Iliacus. 

The  portions  investing  the  Iliacus  (fascia  iliaca; 
iliac  fascia  )  is  connected,  laterally  to  the  whole 
length  of  the  inner  lip  of  the  iliac  crest;  and 
medially ,  to  the  linea  terminalis  of  the  lesser 
pelvis,  where  it  is  continuous  with  the  peri¬ 
osteum.  At  the  iliopectineal  eminence  it  re¬ 
ceives  the  tendon  of  insertion  of  the  Psoas 
minor,  when  that  muscle  exists.  Lateral  to  the 
femoral  vessels  it  is  intimately  connected  to 
the  posterior  margin  of  the  inguinal  ligament, 
and  is  continuous  with  the  transversalis  fascia. 
Immediately  lateral  to  the  femoral  vessels  the 
iliac  fascia  is  prolonged  backward  and  medial- 
ward  from  the  inguinal  ligament  as  a  band,  the 
iliopectineal  fascia,  which  is  attached  to  the 
iliopectineal  eminence.  This  fascia  divides 
the  space  between  the  inguinal  ligament  and 
the  hip  bone  into  two  lacunae  or  compart¬ 
ments,  the  medial  of  which  transmits  the 
femoral  vessels,  the  lateral  the  Psoas  major 
and  Iliacus  and  the  femoral  nerve.  Medial 
to  the  vessels  the  iliac  fascia  is  attached  to 
the  pectineal  line  behind  the  inguinal  apo¬ 
neurotic  falx,  where  it  is  again  continuous  with 
the  transversalis  fascia.  On  the  thigh  the 
fesciee  of  the  Iliacus  and  Psoas  form  a  single 
sheet  termed  the  iliopectineal  fascia.  Where 
the  external  iliac  vessels  passinto  the  thigh,  the 
fascia  descends  behind  them,  forming  the  pos¬ 
terior  w all  of  the  femoral  sheath.  The  portion 
of  the  iliopectineal  fascia  which  passes  behind 
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the  femoral  vessels  is  also  attached  to  the  pectineal  line  beyond  the  limits  of  the 
attachment  of  the  inguinal  aponeurotic  falx;  at  this  part  it  is  continuous  with 
the  pectineal  fascia.  The  external  iliac  vessels  lie  in  front  of  the  iliac  fascia,  but 
all  the  branches  of  the  lumbar  plexus  are  behind  it;  it  is  separated  from  the  peri¬ 
toneum  by  a  quantity  of  loose  areolar  tissue. 

The  Psoas  major  ( Psoas  magnus)  (Fig.  438)  is  a  long  fusiform  muscle  placed  on 
the  side  of  the  lumbar  region  of  the  vertebral  column  and  brim  of  the  lesser  pelvis. 
It  arises  (1)  from  the  anterior  surfaces  of  the  bases  and  lower  borders  of  the  transverse 
processes  of  all  the  lumbar  vertebrae;  (2)  from  the  sides  of  the  bodies  and  the  corre¬ 
sponding  intervertebral  fibrocartilages  of  the  last  thoracic  and  all  the  lumbar  verte¬ 
brae  by  five  slips,  each  of  which  is  attached  to  the  adjacent  upper  and  lower  margins 
of  two  vertebrae,  and  to  the  intervertebral  fibrocartilage;  (3)  from  a  series  of 
tendinous  arches  which  extend  across  the  constricted  parts  of  the  bodies  of  the 
lumbar  vertebrae  between  the  previous  slips;  the  lumbar  arteries  and  veins,  and 
filaments  from  the  sympathetic  trunk  pass  beneath  these  tendinous  arches.  The 
muscle  proceeds  downward  across  the  brim  of  the  lesser  pelvis,  and  diminishing 
gradually  in  size,  passes  beneath  the  inguinal  ligament  and  in  front  of  the  capsule 
of  the  hip-joint  and  ends  in  a  tendon;  the  tendon  receives  nearly  the  whole  of 
the  fibers  of  the  Iliacus  and  is  inserted  into  the  lesser  trochanter  of  the  femur. 
A  large  bursa  which  may  communicate  with  the  cavity  of  the  hip-joint,  separates 
the  tendon  from  the  pubis  and  the  capsule  of  the  joint. 

The  Psoas  minor  ( Psoas  parvus)  is  a  long  slender  muscle,  placed  in  front  of  the 
Psoas  major.  It  arises  from  the  sides  of  the  bodies  of  the  twelfth  thoracic  and  first 
lumbar  vertebrae  and  from  the  fibrocartilage  between  them.  It  ends  in  a  long 
flat  tendon  which  is  inserted  into  the  pectineal  line  and  iliopectineal  eminence, 
and,  by  its  lateral  border,  into  the  iliac  fascia.  This  muscle  is  often  absent. 

The  Iliacus  is  a  flat,  triangular  muscle,  which  fills  the  iliac  fossa.  It  arises  from 
the  upper  two-thirds  of  this  fossa,  and  from  the  inner  lip  of  the  iliac  crest;  behind, 
from  the  anterior  sacroiliac  and  the  iliolumbar  ligaments,  and  base  of  the  sacrum; 
in  front,  it  reaches  as  far  as  the  anterior  superior  and  anterior  inferior  iliac  spines, 
and  the  notch  between  them.  The  fibers  converge  to  be  inserted  into  the  lateral 
side  of  the  tendon  of  the  Psoas  major,  some  of  them  being  prolonged  on  to  the  body 
of  the  femur  for  about  2.5  cm.  below  and  in  front  of  the  lesser  trochanter.1 

Variations. — The  Iliacus  minor  or  Iliocapsidaris,  a  small  detached  part  of  the  Iliacus  is  frequently 
present.  It  arises  from  the  anterior  inferior  spine  of  the  ilium  and  is  inserted  into  the  lower  part 
of  the  intertrochanteric  line  of  the  femur  or  into  the  iliofemoral  ligament. 

Nerves. — The  Psoas  major  is  supplied  by  branches  of  the  second  and  third  lumbar  nerve; 
the  Psoas  minor  by  a  branch  of  the  first  lumbar  nerve;  and  the  Iliacus  by  branches  of  the  second 
and  third  lumbar  nerves  through  the  femoral  nerve. 

Actions. — The  Psoas  major,  acting  from  above,  flexes  the  thigh  upon  the  pelvis,  being  assisted 
by  the  Iliacus;  acting  from  below,  with  the  femur  fixed,  it  bends  the  lumbar  portion  of  the  verte¬ 
bral  column  forward  and  to  its  own  side,  and  then,  in  conjunction  with  the  Iliacus,  tilts  the  pelvis 
forward.  When  the  muscles  of  both  sides  are  acting  from  below,  they  serve  to  maintain  the 
erect  posture  by  supporting  the  vertebral  column  and  pelvis  upon  the  femora,  or  in  continued 
action  bend  the  trunk  and  pelvis  forward,  as  in  raising  the  trunk  from  the  recumbent  posture. 

The  Psoas  minor  is  a  tensor  of  the  iliac  fascia. 


H.  THE  MUSCLES  AND  FASCLffi  OF  THE  THIGH. 


1.  The  Anterior  Femoral  Muscles  (Fig.  438). 


Sartorius. 


Quadriceps 

femoris. 

Articularis  genu. 


r  Rectus  femoris. 
Vastus  lateralis. 
Vastus  medialis. 
Vastus  intermedius. 


1  The  Psoaa  major  and  iliacus  are  sometimes  regarded  as  a  single  muscle  named  the  Iliop$oat. 
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Superficial  Fascia. — The  superficial  fascia  forms  a  continuous  layer  over  the  whole 
of  the  thigh;  it  consists  of  areolar  tissue  containing  in  its  meshes  much  fat,  and  may 
be  separated  into  two  or  more  layers,  between  which  are  found  the  superficial 
vessels  and  nerves.  It  varies  in  thickness  in  different  parts  of  the  limb ;  in  the  groin 
it  is  thick,  and  the  two  layers  are  separated  from  one  another  by  the  superficial 
inguinal  lymph  glands,  the  great  saphenous  vein,  and  several  smaller  vessels. 
The  superficial  layer  is  continuous  above  with  the  superficial  fascia  of  the  abdomen. 
The  deep  layer  of  the  superficial  fascia  is  a  very  thin,  fibrous  stratum,  best  marked 
on  the  medial  side  of  the  great  saphenous  vein  and  below  the  inguinal  ligament. 
It  is  placed  beneath  the  subcutaneous  vessels  and  nerves  and  upon  the  surface  of  the 
fascia  lata.  It  is  intimately  adherent  to  the  fascia  lata  a  little  below  the  inguinal 
ligament.  It  covers  the  fossa  ovalis  {saphenous  opening),  being  closely  united  to 
its  circumference,  and  is  connected  to  the  sheath  of  the  femoral  vessels.  The 
portion  of  fascia  covering  this  fossa  is  perforated  by  the  great  saphenous  vein  and 
by  numerous  blood  and  lymphatic  vessels,  hence  it  has  been  termed  the  fascia 
cribrasa,  the  openings  for  these  vessels  having  been  likened  to  the  holes  in  a  sieve. 
A  large  subcutaneous  bursa  is  found  in  the  superficial  fascia  over  the  patella. 

Deep  Fascia. — The  deep  fascia  of  the  thigh  is  named,  from  its  great  extent, 
the  fascia  lata;  it  constitutes  an  investment  for  the  whole  of  this  region  of  the  limb, 
but  varies  in  thickness  in  different  parts.  Thus,  it  is  thicker  in  the  upper  and  lateral 
part  of  the  thigh,  where  it  receives  a  fibrous  expansion  from  the  Gluteus  maximus, 
and  where  the  Tensor  fasciae  late  is  inserted  between  its  layers;  it  is  very  thin 
behind  and  at  the  upper  and  medial  part,  where  it  covers  the  Adductor  muscles, 
and  again  becomes  stronger  around  the  knee,  receiving  fibrous  expansions  from  the 
tendon  of  the  Biceps  femoris  laterally,  from  the  Sartorius  medially,  and  from  the 
Quadriceps  femoris  in  front.  The  fascia  lata  is  attached,  above  and  behind,  to  the 
back  of  the  sacrum  and  coccyx;  laterally,  to  the  iliac  crest;  in  front,  to  the  inguinal 
ligament,  and  to  the  superior  ramus  of  the  pubis;  and  medially,  to  the  inferior 
ramus  of  the  pubis,  to  the  inferior  ramus  and  tuberosity  of  the  ischium,  and  to 
the  lower  border  of  the  sacrotuberous  ligament.  From  its  attachment  to  the  iliac 
crest  it  passes  down  over  the  Gluteus  medius  to  the  upper  border  of  the  Gluteus 
maximus,  where  it  splits  into  two  layers,  one  passing  superficial  to  and  the  other 
beneath  this  muscle;  at  the  lower  border  of  the  muscle  the  two  layers  reunite. 
Laterally,  the  fascia  lata  receives  the  greater  part  of  the  tendon  of  insertion  of 
the  Gluteus  maximus,  and  becomes  proportionately  thickened.  The  portion  of 
the  fascia  lata  attached  to  the  front  part  of  the  iliac  crest,  and  corresponding  to 
the  origin  of  the  Tensor  fasciae  late,  extends  down  the  lateral  side  of  the  thigh  as 
two  layers,  one  superficial  to  and  the  other  beneath  this  muscle;  at  the  lower  end 
of  the  muscle  these  two  layers  unite  and  form  a  strong  band,  having  first  received 
the  insertion  of  the  muscle.  This  band  is  continued  downward,  under  the  name 
of  the  iliotibial  band  {tradus  Uiotibialis)  and  is  attached  to  the  lateral  condyle  of 
the  tibia.  The  part  of  the  iliotibial  band  which  lies  beneath  the  Tensor  fasciae 
latae  is  prolonged  upward  to  join  the  lateral  part  of  the  capsule  of  the  hip-joint. 
Below,  the  fasciae  lata  is  attached  to  all  the  prominent  points  around  the  knee- 
joint,  viz.,  the  condyles  of  the  femur  and  tibia,  and  the  head  of  the  fibula.  On 
either  side  of  the  patella  it  is  strengthened  by  transverse  fibers  from  the  lower  parts 
of  the  Vasti,  which  are  attached  to  and  support  this  bone.  Of  these  the  lateral 
are  the  stronger,  and  are  continuous  with  the  iliotibial  band.  The  deep  surface 
of  the  fascia  lata  gives  off  two  strong  intermuscular  septa,  which  are  attached 
to  the  whole  length  of  the  linea  aspera  and  its  prolongations  above  and  below; 
the  lateral  and  stronger  one,  which  extends  from  the  insertion  of  the  Gluteus 
maximus  to  the  lateral  condyle,  separates  the  Vastus  lateralis  in  front  from  the 
short  head  of  the  Biceps  femoris  behind,  and  gives  partial  origin  to  these  mus¬ 
cles;  the  medial  and  thinner  one  separates  the  Vastus  medialis  from  the  Adduc- 
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tores  and  Pcetineus.  Besides  these  there  are  numerous  smaller  septa,  separating 
the  individual  muscles,  and  enclosing  each  in  a  distinct  sheath. 

The  Fossa  Ovalis  (mphenmis  opening)  (Fig.  439).— At  the  upper  and  medial 
part  of  the  thigh,  a  little  below  the  medial  end  of  the  inguinal  ligament,  is  a  large 
oval-shaped  aperture  in  the  fascia  lata;  it  transmits  the  great  saphenous  vein, 
and  other,  smaller  vessels,  and  is  termed  the  fossa  ovalis.  The  fascia  cribrosa, 
which  is  pierced  by  the  structures  passing  through  the  opening,  closes  the  aperture 
and  must  be  removed  to  expose  it.  The  fascia  lata  in  this  part  of  the  thigh  is 
described  as  consisting  of  a  superficial  and  a  deep  portion. 


-The  fofwa  ovalis. 


The  superficial  portion  of  the  fascia  lata  is  the  part  on  the  lateral  side  of  the  fossa 
ovalis.  It  is  attached,  laterally,  to  the  crest  and  anterior  superior  spine  of  the  Ilium, 
to  the  whole  length  of  the  inguinal  ligament,  and  to  the  pectineal  line  in  con¬ 
junction  with  the  lacunar  ligament.  From  the  tubercle  of  the  pubis  it  is  reflected 
downward  and  lateral  ward,  as  an  arched  margin,  the  falciform  margin,  forming 
the  lateral  boundary  of  the  fossa  ovalis;  this  margin  overlies  and  is  adherent  to  the 
anterior  layer  of  the  sheath  of  the  femoral  vessels:  to  its  edge  is  attached  the  fascia 
cribrosa.  The  upward  and  medial  prolongation  of  the  falciform  margin  is  named 
the  superior  cornu;  its  downward  and  medial  prolongation,  the  inferior  cornu.  The 
latter  is  w  ell-defined,  and  is  continuous  behind  the  great  saphenous  vein  with  the 
pectineal  fascia* 

The  deep  portion  is  situated  on  the  medial  side  of  the  fossa  ovalis,  and  at  the 
lower  margin  of  the  fossa  is  continuous  with  the  superficial  portion;  traced  upward. 
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it  covers  the  Pectineus,  Adductor  longus,  and  Gracilis,  and,  passing  behind  the 
sheath  of  the  femoral  vessels,  to  which  it  is  closely  united*  is  continuous  with  the 
iliopectineal  fascia,  and  is  attached  to  the  pectineal  line. 

From  this  description  it  may  be  observed  that  the  superficial  portion  of  the 
fascia  lata  lies  in  front  of  the  femoral  vessels,  and  the  deep  portion  behind  them, 
so  that  an  apparent  aperture  exists  between  the  two,  through  which  the  great 
saphenous  passes  to  join  the  femoral  vein. 

The  S&rtorius,  the  longest  muscle  in  the  body,  is  narrow  and  ribbon-like;  it 
arises  by  tendinous  fibers  from  the  anterior  superior  iliac  spine  and  the  upper  half 
of  the  notch  below  it.  It  passes  obliquely  across  the  upper  and  anterior  part  of 
the  thigh,  from  the  lateral  to  the  medial  side  of  the  limb,  then  descends  vertically, 
as  far  as  the  medial  side  of  the  knee,  passing  behind  the  medial  condyle  of  the  femur 
to  end  in  a  tendon.  This  curves  obliquely  forward  and  expands  into  a  broad  apon¬ 
eurosis,  which  is  inserted ,  in  front  of  the  Gracilis  and  Semitendinous,  into  the  upper 
part  of  the  medial  surface  of  the  body  of  the  tibia,  nearly  as  far  forward  as  the 
anterior  crest.  The  upper  part  of  the  aponeurosis  is  curved  backward  over  the 
upper  edge  of  the  tendon  of  the  Gracilis  so  as  to  be  inserted  behind  it.  An  offset, 
from  its  upper  margin,  blends  with  the  capsule  of  the  knee-joint,  and  another 
from  its  lower  border,  with  the  fascia  on  the  medial  side  of  the  leg. 

Variations. — Stipe  of  origin  from  the  outer  end  of  the  inguinal  ligament,  the  notch  of  the  ilium, 
the  ilio-pectineal  tine  or  the  pubis  occur.  The  muscle  may  be  split  into  two  parts,  and  one  part 
may  be  inserted  into  the  fascia  lata,  the  femur,  the  ligament  of  the  patella  or  the  tendon  of  the 
Semitendinosus.  The  tendon  of  insertion  may  end  in  the  fascia  lata,  the  capsule  of  the  knee- 
joint^  or  the  fascia  of  the  leg.  The  muscle  may  be  absent. 

The  Quadriceps  femoris  {Quadriceps  extensor)  includes  the  four  remaining 
muscles  on  the  front  of  the  thigh.  It  is  the  great  extensor  muscle  of  the  leg,  forming 
a  large  fleshy  mass  which  covers  the  front  and  sides  of  the  femur.  It  is  subdivided 
into  separate  portions,  which  have  received  distinctive  names.  One  occupying 
the  middle  of  the  thigh,  and  connected  above  with  the  ilium,  is  called  from  its 
straight  course  the  Bectus  femoris.  The  other  three  lie  in  immediate  connection 
with  the  body  of  the  femur,  which  they  cover  from  the  trochanters  to  the  condyles. 
The  portion  on  the  lateral  side  of  the  femur  is  termed  the  Vastus  lateralis;  that 
covering  the  medial  side,  the  Vastus  medialis;  and  that  in  front,  the  Vastus 
intermedins. 

The  Rectus  femoris  is  situated  in  the  middle  of  the  front  of  the  thigh;  it  is  fusi¬ 
form  in  shape,  and  its  superficial  fibers  are  arranged  in  a  bipenniform  manner, 
the  deep  fibers  running  straight  down  to  the  deep  aponeurosis.  It  arises  by  two 
tendons:  one,  the  anterior  or  straight,  from  the  anterior  inferior  iliac  spine;  the 
other,  the  posterior  or  reflected,  from  a  groove  above  the  brim  of  the  acetabulum. 
The  two  unite  at  an  acute  angle,  and  spread  into  an  aponeurosis  which  is  prolonged 
downward  on  the  anterior  surface  of  the  muscle,  and  from  this  the  muscular  fibers 
arise.  The  muscle  ends  in  a  broad  and  thick  aponeurosis  which  occupies  the  lower 
two-thirds  of  its  posterior  surface,  and,  gradually  becoming  narrowed  into  a  flat¬ 
tened  tendon,  is  inserted  into  the  base  of  the  patella. 

The  Vastus  lateralis  ( Vastus  extemus)  is  the  largest  part  of  the  Quadriceps 
iemoris.  It  arises  by  a  broad  aponeurosis,  which  is  attached  to  the  upper  part  of 
the  intertrochanteric  line,  to  the  anterior  and  inferior  borders  of  the  greater  tro¬ 
chanter,  to  the  lateral  lip  of  the  gluteal  tuberosity,  and  to  the  upper  half  of  the 
lateral  lip  of  the  linea  aspera;  this  aponeurosis  covers  the  upper  three-fourths  of 
the  muscle,  and  from  its  deep  surface  many  fibers  take  origin.  A  few  additional 
fibers  arise  from  the  tendon  of  the  Gluteus  maximus,  and  from  the  lateral  inter¬ 
muscular  septum  between  the  Vastus  lateralis  and  short  head  of  the  Biceps  femoris. 
The  fibers  form  a  large  fleshy  mass,  which  is  attached  to  a  strong  aponeurosis, 
placed  on  the  deep  surface  of  the  lower  part  of  the  muscle:  this  aponeurosis  becomes 
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contracted  and  thickened  into  a  flat  tendon  inserted  into  the  lateral  border  of  the 
patella,  blending  with  the  Quadriceps  femoris  tendon,  and  giving  an  expansion  to 
the  capsule  of  the  knee-joint. 

The  Vastus  medialis  and  Vastus  intermedius  appear  to  be  inseparably  united, 
but  when  the  Rectus  femoris  has  been  reflected  a  narrow  interval  will  be  observed 
extending  upward  from  the  medial  border  of  the  patella  between  the  two  muscles, 
and  the  separation  may  be  continued  as  far  as  the  lower  part  of  the  intertrochan¬ 
teric  line,  where,  however,  the  two  muscles  are  frequently  continuous. 

The  Vastus  medialis  (Vastus  intemus)  arises  from  the  lower  half  of  the  inter¬ 
trochanteric  line,  the  medial  lip  of  the  linea  aspera,  the  upper  part  of  the  medial 
supracondylar  line,  the  tendons  of  the  Adductor  longus  and  the  Adductor  magnus 
and  the  medial  intermuscular  septum.  Its  fibers  are  directed  downward  and  for¬ 
ward,  and  are  chiefly  attached  to  an  aponeurosis  which  lies  on  the  deep  surface 
of  the  muscle  and  is  inserted  into  the  medial  border  of  the  patella  and  the  Quad¬ 
riceps  femoris  tendon,  an  expansion  being  sent  to  the  capsule  of  the  knee-joint. 

The  Vastus  intermedius  ( Crureus )  arises  from  the  front  and  lateral  surfaces  of  the 
body  of  the  femur  in  its  upper  two-thirds  and  from  the  lower  part  of  the  lateral 
intermuscular  septum.  Its  fibers  end  in  a  superficial  aponeurosis,  which  forma 
the  deep  part  of  the  Quadriceps  femoris  tendon. 

The  tendons  of  the  different  portions  of  the  Quadriceps  unite  at  the  lower  part  of  the  thigh* 
so  as  to  form  a  single  strong  tendon,  which  is  inserted  into  the  base  of  the  patella,  some  few  fibers 
passing  over  it  to  blend  with  the  ligamentum  patellae.  More  properly,  the  patella  may  be  regarded 
as  a  sesamoid  bone,  developed  in  the  tendon  of  the  Quadriceps;  and  the  ligamentum  patellae, 
which  is  continued  from  the  apex  of  the  patella  to  the  tuberosity  of  the  tibia,  as  the  proper  tendon 
of  insertion  of  the  muscle,  the  medial  and  lateral  patellar  retinacula  (see  p.  340)  being  expan¬ 
sions  from  its  borders.  A  bursa,  which  usually  communicates  with  the  cavity  of  the  knee-joint, 
is  situated  between  the  femur  and  the  portion  of  the  Quadriceps  tendon  above  the  patella;  another 
is  interposed  between  the  tendon  and  the  upper  part  of  the  front  of  the  tibia;  and  a  third,  the 
prepatellar  bursa,  is  placed  over  the  patella  itself. 

The  Articul&ris  genu  ( Subcrureus )  is  a  small  muscle,  usually  distinct  from  the 
Vastus  intermedius,  but  occasionally  blended  with  it;  it  arises  from  the  anterior 
surface  of  the  lower  part  of  the  body  of  the  femur,  and  is  inserted  into  the  upper 
part  of  the  synovial  membrane  of  the  knee-joint.  It  sometimes  consists  of  several 
separate  muscular  bundles. 

Nerves. — The  muscles  of  this  region  are  supplied  by  the  second,  third,  and  fourth  lumbar 
nerves,  through  the  femoral  nerve. 

Actions. — The  Sartorius  flexes  the  leg  upon  the  thigh,  and,  continuing  to  act,  flexes  the  thigh 
upon  the  pelvis;  it  next  abducts  and  rotates  the  thigh  outward.  When  the  knee  is  bent,  the 
Sartorius  assists  the  Semitendinosus,  Semimembranosus,  and  Popliteus  in  rotating  the  tibia  inward. 
Taking  its  fixed  point  from  the  leg,  it  flexes  the  pelvis  upon  the  thigh,  and,  if  one  muscle  acts,  assists 
in  rotating  the  pelvis.  The  Quadriceps  femoris  extends  the  leg  upon  the  thigh.  The  Rectus- 
femoris  assists  the  Psoas  major  and  Iliacus  in  supporting  the  pelvis  and  trunk  upon  the  femur. 
It  also  assists  in  flexing  the  thigh  on  the  pelvis,  or  if  the  thigh  be  fixed  it  will  flex  the  pelvis.  The 
Vastus  medialis  draws  the  patella  medialward  as  well  as  upward. 


2.  The  Medial  Femoral  Muscles. 

Gracilis.  Adductor  longus.  Adductor  magnus. 

Pectineus.  Adductor  brevis. 

The  Gracilis  (Fig.  438)  is  the  most  superficial  muscle  on  the  medial  side  of  the 
thigh.  It  is  thin  and  flattened,  broad  above,  narrow  and  tapering  below.  It 
arises  by  a  thin  aponeurosis  from  the  anterior  margins  of  the  lower  half  of  the 
symphysis  pubis  and  the  upper  half  of  the  pubic  arch.  The  fibers  run  vertically 
downward,  and  end  in  a  rounded  tendon,  which  passes  behind  the  medial  condyle 
of  the  femur,  curves  around  the  medial  condyle  of  the  tibia,  where  it  becomes  flat- 
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retied,  and  is  inserted  into  the  upper  part  of  the  media}  surface  of  the  body' of  the 
Ubia*  below  the  condyle.  A  few  of  we  fibers  of  the  iovver  part  of  the  teiiclon  are 
prolonged  into  the  deep  fascia  of  the  Jcg.  At  its  insertion  the  tendon  is  situated 
immediately  above  that  of  the  SeibitendinOsus,  and  its  upper  edge  is  overlapped 
by  the  tendon  of  the  Sarforius,  with  which  it  is  in  part  blended.  It  is  separated 
from  the  tibia!  collateral  ligament  of  the  knee-joint,  by  a  bursa  common  to  if  and 
the  tendon  of  the  Seantendinosus, 
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The  Pedineus  (Fig,.  4381  is  a  fiat,  quadrangular  muscle,  situated  at  the  anterior 
part  of  the  upper  and  medial  aspect  of  the  thigh,  (t  ame.*  from  the  pet-tincji]  line, 
and  to  a  slight  extent  from  the  surface  of  boric  in  front  of  it,  between  the 
iliopectineil  eminence  and  tubercle  of  the  pubis,  and  from  the; fascia  covering  the 
anterior  surface  of  the  muscle;  the  fibers  pass  downward,  backward-  and  lateral- 
ward,  to  be  inserted  into  a  rough  Sine  leading  from,  the  lesser  trochanter  to  tbe 
fshfesi  aspera,  "  '•  •  I,  y^k.: ' 

The  Adductor  tongui  ('Fig.  44i).  the  .must  superficial  -of '  the  three  Adductores, 
is- a  triangular  muscle,  tying  in  the  same  plane  ns  the  Peetinens.  I  t  antes  by  & 
fiat,  narrow  tendon,  from  the  frost  of  ihe  pubist  at  the  angle  of  jd&ctioir  ttf  the  crest 
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with  'the'  symphysis;  and  soon  expand*  \im50  a  broad  fleshy  belly.  This  passes 
downward,  backward,  and  laterahv^rT  and i*  inserted,  by  an  aponeurosis,  into  the 
liwea  aspera,  between  the  Vastus  aiedndis  and  the  Adductor  xnzgnm,  with  both 


M  which  it  i$  vtsuttlly  bieiided. 

The  Adductor  brevis  (Fig.  441) ’i*  ait  in 
a  ted  inmjedmtely  behind  the  two  premFtng 
muscles.  |t  is  somewhat  triangvihrr  in  form, 
and  itrtsfix  by  a  narrow  origin  from  the 
outer  surfaces  oF  ffleTupenor  inferior 
rami  of  the  f>n*>is.  between  the  Gracilis 
and  Obturator  'cxtertt^  ,Ite  'fibers,  pacing 
backward,  latmilvvard,  and  downward,  are 


backward,  ]at eral^ard,  arid  downward 
iruterUd ,  by  an:  apntieidbsis,  into  the  line 
leading Trida  ffe  feser  trochanter  to  the 
linen  aspeira  ahd  Into  the  upper  part  of  the 
tinea  uspera,  umnetfiaieiy  behind  the  Pectin- 
eus  stn<i  upper the  Adductor  longiis. 

’Hie  Adductor  magmis  (Figydd  l  )  is  a  large 
1  riangular  tmiseh1,  situated  on  the  medial  side 
of  the  rhigh.  lt  from  a  small  port 

ot\t he  inferior  ramus  of  the  pubfe,  from  the 
inferior  ramus  of  the  isrhimn,  and  'from  the 
outer  margin  of  the  inferior  part  of  the 
tuberosity  of  the  ischium*  Those  fibers 
which  arise  from  the  n>mus  of  the  pnbis  are 
short,  horizontal  in  mserlhd 

into  the  rough  line  leading  froth  the  greater 
trochanter  to  the  lipeft  medial  to  the 

l5;hi,t4^  titpse  from  the  f  am its  of 

the  is^hitmt  ^re  dir^ted  dpwpwapl  and  latr 
end  ward  with  dif?er^iU  degrees  *>f  Obliquity, 
to  lie  ivkrtet'L  Ivy  means  of  a  broad  apoiieu- 
rpsj.%  ifito  midtlie  upper 

pat t  of  its  toed  M  pml  onga t ion  below ,  T be 
medial  portion  <d  the  muscle,  comport 


prim!  pally  of  the  fibers  arising  from  the 
tuberosity  of  the  ischium,.  forms  a  thick 
fieshy  mass  consbting  of  coarse  limidles, 
which  descend  almost  vcrticaily  ,  am!  end 
about  the  lower  thin!  of  the  thigh  in  a 
rounded  teiHlOB  tv ^hicli  5s  iiVsertoJ  into  Jhc 
adductor  tubyrdc  on  the  medial  citnclyle  of 
the  femur,  and  is  riuiiutleil  ■  by-  a  fibrous 
expansion  to  the  fiiie  feeding  Upwanl  from 

ii . .  i  *i  .  ,  ■  t  jj’  ■  . ' i  '  •  ini  •  .  .  4  ..  ,t 


the  tiil*ercie  to  die  Ijnca  aspera.  At  the 
insertion  of  the  muscle,  there  is  a  series  of 
c^scoaponeurcU-ie  openings,  formed  by  tendi- 
nous  arches  attached  to  the  bode.  The 
upper  fpur  d}>ertJd»s  are  small,  and  give 
passage  to  the  pmtm ting  hranehes  of  the 
profunda  femorh  artery.  The  lowest  is  of 
large  si&o  and  transmits  the  femoral  vessels 
to  the  popliteal  faj&a. 
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Vitiations. — The  Pectineus  is  sometimes  divided  into  an  outer  part  supplied  by  the  femoral 
nerve  and  an  inner  part  supplied  by  the  obturator  nerve.  The  muscle  may  be  attached  to  or 
inserted  into  the  capsule  of  the  hip-joint.  The  Adductor  longus  may  be  double,  may  extend  to  the 
knee,  or  be  more  or  less  united  with  the  Pectineus.  The  Adductor  brevis  may  be  divided  into  two 
or  three  parts,  or  it  may  be  united  to  the  Adductor  magnus.  The  Adductor  magnus  may  be  more 
or  less  segmented,  the  anterior  and  superior  portion  is  often  described  as  a  separate  muscle,  the 
Adductor  minimus.  The  muscle  may  be  fused  with  the  Quadratus  femoris. 

Nerves. — The  three  Adductores  and  the  Gracilis  are  supplied  by  the  third  and  fourth  lumbar 
nerves  through  the  obturator  nerve;  the  Adductor  magnus  receiving  an  additional  branch  from 
the  sacral  plexus  through  the  sciatic.  The  Pectineus  is  supplied  by  the  second,  third,  and  fourth 
himbar  nerves  through  the  femoral  nerve,  and  by  the  third  lumbar  through  the  accessory  obturator 
when  this  latter  exists.  Occasionally  it  receives  a  branch  from  the  obturator  nerve.1 

Actions. — The  Pectineus  and  three  Adductores  adduct  the  thigh  powerfully;  they  are  especially 
used  in  horse  exercise,  the  sides  of  the  saddle  being  grasped  between  the  knees  by  the  contraction 
of  these  muscles.  In  consequence  of  the  obliquity  of  their  insertions  into  the  linea  aspera,  they 
rotate  the  thigh  outward,  assisting  the  external  Rotators,  and  when  the  limb  has  been  abducted, 
they  draw  it  medial  ward,  carrying  the  thigh  across  that  of  the  opposite  side.  The  Pectineus 
and  Adductores  brevis  and  longus  assist  the  Psoas  major  and  Iliacus  in  flexing  the  thigh  upon 
the  pelvis.  In  progression,  all  these  muscles  assist  in  drawing  forward  the  lower  limb.  The 
Gracilis  assists  the  Sartorius  in  flexing  the  leg  and  rotating  it  inward;  it  is  also  an  adductor  of  the 
thigh.  If  the  lower  extremities  be  fixed,  these  muscles,  taking  their  fixed  points  below,  may  act 
upon  the  pelvis,  serving  to  maintain  the  body  in  an  erect  posture;  or,  if  their  action  be  continued, 
flex  the  pelvis  forward  upon  the  femur. 


3.  The  Muscles  of  the 

Gluteus  maximus. 

Gluteus  medius. 

Gluteus  minimus. 

Tensor  fasciae  late. 

Piriformis. 


Gluteal  Region  (Figs.  442,  443). 

Obturator  intemus. 
Gemellus  superior. 
Gemellus  inferior. 
Quadratus  femoris. 
Obturator  externus. 


The  Gluteus  maximus,  the  most  superficial  muscle  in  the  gluteal  region,  is  a 
broad  and  thick  fleshy  mass  of  a  quadrilateral  shape,  and  forms  the  prominence 
of  the  nates.  Its  large  size  is  one  of  the  most  characteristic  features  of  the  muscular 
system  in  man,  connected  as  it  is  with  the  power  he  has  of  maintaining  the  trunk 
in  the  erect  posture.  The  muscle  is  remarkably  coarse  in  structure,  being  made 
up  of  fasciculi  lying  parallel  with  one  another  and  collected  together  into  large 
bundles  separated  by  fibrous  septa.  It  arises  from  the  posterior  gluteal  line  of 
the  ilium,  and  the  rough  portion  of  bone  including  the  crest,  immediately  above 
and  behind  it;  from  the  posterior  surface  of  the  lower  part  of  the  sacrum  and  the 
side  of  the  coccyx;  from  the  aponeurosis  of  the  Sacrospinalis,  the  sacrotuberous 
ligament,  and  the  fascia  (gluteal  aponeurosis)  covering  the  Gluteus  medius. 
The  fibers  are  directed  obliquely  downward  and  lateralward;  those  forming  the 
upper  and  larger  portion  of  the  muscle,  together  with  the  superficial  fibers  of  the 
lower  portion,  end  in  a  thick  tendinous  lamina,  which  passes  across  the  greater 
trochanter,  and  is  inserted  into  the  iliotibial  band  of  the  fascia  lata;  the  deeper 
fibers  of  the  lower  portion  of  the  muscle  are  inserted  into  the  gluteal  tuberosity 
between  the  Vastus  lateralis  and  Adductor  magnus. 

Bursa. — Three  buna  are  usually  found  in  relation  with  the  deep  surface  of  this  muscle.  One 
<rf  these,  of  large  size,  and  generally  multilocular,  separates  it  from  the  greater  trochanter;  a 
second,  often  wanting,  is  situated  on  the  tuberosity  of  the  ischium;  a  third  is  found  between 
the  tendon  of  the  muscle  and  that  of  the  Vastus  lateralis. 


The  Gluteus  medius  is  a  broad,  thick,  radiating  muscle,  situated  on  the  outer 
surface  of  the  pelvis.  Its  posterior  third  is  covered  by  the  Gluteus  maximus,  its 


.  1  The  Pectineus  may  consist  of  two  incompletely  separated  strata;  the  lateral  or  dorsal  stratum,  which  is  constant, 
■•applied  by  a  branch  from  the  femoral  nerve,  or  in  the  absence  of  this  branch  by  the  accessory  obturator  nerve ; 
the  medial  or  ventral  stratum,  when  preeent,  is  suppUed  by  the  obturator  nerve. — A.  M.  Paterson.  Journal  of  Anatomy 
Physiology,  26,  43. 
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anterior  two-thirds  by  the  gluteal  aponeurosis,  which  separates  it  from  the  super¬ 
ficial  fascia  and  integument.  It  arises  from  the  outer  surface  of  the  ilium  between 
the  iliac  crest  and  posterior  gluteal  line  above,  and  the  anterior  gluteal  line  below; 
it  also  arises  from  the  gluteal  aponeurosis  covering  its  outer  surface.  The  fibers 
converge  to  a  strong  flattened  tendon,  which  is  inserted  into  the  oblique  ridge  which 
runs  downward  and  forward  on  the  lateral  surface  of  the  greater  trochanter.  A 
bursa  separates  the  tendon  of  the  muscle  from  the  surface  of  the  trochanter  over 
which  it  glides. 

Variations. — The  posterior  border  may  be  more  or  less  closely  united  to  the  Piriformis,  or  some 
of  the  fibers  end  on  its  tendon. 
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Fig.  -142. — The  right  Glutanw  minimus  muscle. 


The  Glutaeus  minimus,  the  smallest  of  the  three  Glutei,  is  placed  immediately 
beneath  the  preceding.  It  is  fan-shaped,  arising  from  the  outer  surface  of  the  ilium, 
between  the  anterior  and  inferior  gluteal  lines,  and  behind,  from  the  margin  of  the 
greater  sciatic  notch.  The  fibers  converge  to  the  deep  surface  of  a  radiated  apo¬ 
neurosis,  and  this  ends  in  a  tendon  which  is  inserted  into  an  impression  on  the 
anterior  border  of  the  greater  trochanter,  and  gives  an  expansion  to  the  capsule 
of  the  hip-joint.  A  bursa  is  interposed  between  the  tendon  and  the  greater  tro¬ 
chanter.  Between  the  Gluteus  medius  and  Gluteus  minimus  are  the  deep  branches 
of  the  superior  gluteal  vessels  and  the  superior  gluteal  nerve.  The  deep  surface 
of  the  Gluteus  minimus  is  in  relation  with  the  reflected  tendon  of  the  Rectus 
femoris  and  the  capsule  of  the  hip-joint. 


Variations. — The  muscle  may  Ik?  di¬ 
vided  into  an  anterior  and  a  posterior 
pari,  or  it  may  send  slips  to  the  Piri¬ 
formis.  the  Gemellus  superior  or  the 
outer  part- of  the  origin  of  the  Vastus 

latcr.iliv 

The  Tensor  fascism  latae  ( Ten- 

*?r  pise w  feniorh)  arise#  from 
the  anterior  part  of  the  outer  lip 
of  the  iliac  crest;  from  the  outer 
surface  of  the  anterior  superior 
iliac  spine,  and  part  of  the  outer 
border  of  the  notch  below  it,  be¬ 
tween  the  Ghitxrus  medius  and 
Sartorius;  and  from  the  deep 
surface  of  the  fascia  lata.  It  is 
inserted  between  the  two  layers 
of  the  iliotibial  band  of  the  fascia 
lata  about  the  junction  of  the  mid¬ 
dle  and  upper  thirds  of  the  thigh. 

The  Piriformis  is  a  flat  muscle, 
pyramidal  in  shape,  lying  almost 
parallel  with  the  posterior  margin 
of  the  Gluteus  medius.  It  is  situ¬ 
ated  partly  within  the  pelvis 
against  its  posterior  wall,  and 
partly  at  the  back  of  the  hip- 
joint.  It  arises  from  the  front 
of  the  sacrum  by  three  fleshy 
dictations,  attached  to  the  por¬ 
tions  of  hone  between  the  first, 
second,  third,  and  fourth  anterior 
sacral  foramina,  and  to  tie  grooves 
leading  from  the  foramina:  a  few 
fillers  also  arise  from  the  margin 
at  the  greater  sciatic  foramen, 
and  from  the  anterior  surface  of 
the  saefotuberous  ligament.  The 
muscle  passes  out  of  the  pelvis 
through  the  greater  sciatic  fora¬ 
men,  the  upper  part  of  which  it 
fills,  and  is  inserted  by  a  rounded 
tendon  into  the  upper  border  of 
the  greater  trochanter  behind, 
hut  often  partly  blended  with, 
the  common  tendon  of  the  Ob¬ 
turator  internus  and  Gemelli. 

Variation s. — It  is  frequently  pierced 
by  the  common  peroneal  nerve  rind 
this*  divid'd  more  or  less  into  two 
part*.  It  may  be  united  with  the 
Glutaru*  medius,  or  send  fibers  to  the 
Gluteus  rrunknua nr  receive  fibers  from 
the  Gemellus  *uj>erior.  It  may  have 
<*nly  one  or  two  sacral  attachments  or 
1*  inserted  into  the  capsule  of  the 
hap- joint .  p  may  1*?  absent. 
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Fia.  4 — Muscles  of  the  gluteal  and  posterior  inmoral  regionjr. 
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Obturator  Membrane  (Fig.  444). — The  obturator  membrane  is  a  thin  fibrous  sheet, 
which  almost  completely  closes  the  obturator  foramen.  Its  fibers  are  arranged 
in  interlacing  bundles  mainly  transverse  in  direction;  the  uppermost  bundle  is 
attached  to  the  obturator  tubercles  and  completes  the  obturator  canal  for  the  pas¬ 
sage  of  the  obturator  vessels  and  nerve.  The  membrane  is  attached  to  the  sharp 
margin  of  the  obturator  foramen  except  at  its  lower  lateral  angle,  w  here  it  is  fixed 
to  the  pelvic  surface  of  the  inferior  ramus  of  the  ischium,  i.  e.,  within  the  margin. 
Both  obturator  muscles  are  connected  with  this  membrane. 


Fig.  4*4. — The  obturator  membrane. 


The  Obturator  interims  is  situated  partly  within  the  lesser  pelvis,  and  partly 
at  the  back  of  the  hip-joint.  It  oris?#  from  the  inner  surface  of  the  antero-latcral 
wall  of  the  pelvis,  where  it  surrounds  the  greater  part  of  the  obturator  foramen, 
being  attached  to  the  inferior  rami  of  the  pubis  and  ischium,  and  at  the  side  to  the 
inner  surface  of  the  hip  bone  below  and  behind  the  pelvic  brim,  reaching  from  the 
upper  part  of  the  greater  sciatic  foramen  above  and  behind  to  the  obturator  fora¬ 
men  below  and  in  front.  It  also  arises  from  the  pelvic  surface  of  the  obturator 
membrane  except  in  the  posterior  part,  from  the  tendinous  arch  w  hich  completes  the 
canal  for  the  passage  of  the  obturator  vessels  and  nerve,  and  to  a  slight  extent  from 
the  obturator  fascia,  w  hich  covers  the  muscle.  The  fibers  converge  rapidly  toward 
the  lesser  sciatic  foramen,  and  end  in  four  or  five  tendinous  bands,  which  are  found 
on  the  deep  surface  of  the  muscle;  these  bands  are  reflected  at  a  right  angle  over 
the  grooved  surface  of  the  ischium  between  its  spine  and  tuberosity.  This  bony 
surface  is  covered  by  smooth  cartilage,  which  is  separated  from  the  tendon  by  a 
bursa,  and  presents  one  or  more  ridges  corresponding  with  the  furrows  between 
the  tendinous  bands.  These  bands  leave  the  pelvis  through  the  lesser  sciatic  fora¬ 
men  and  unite  into  a  single  flattened  tendon,  which  passes  horizontally  across  the 
capsule  of  the  hip-joint,  and,  after  receiving  the  attachments  of  the  Gemelli,  is 
inserted  into  the  forepart  of  the  medial  surface  of  the  greater  trochanter  above 
the  trochanteric  fossa.  A  bursa,  narrow^  and  elongated  in  form,  is  usually  found 
between  the  tendon  and  the  capsule  of  the  hip-joint  ;  it  occasionally  communicates 
with  the  bursa  between  the  tendon  and  the  ischium. 
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The  Gemelli  are  two  small  muscular  fasciculi,  accessories  to  the  tendon  of  the 
Obturator  internus  which  is  received  into  a  groove  between  them. 

The  Gemellus  superior,  the  smaller  of  the  two,  arises  from  the  outer  surface  of 
the  spine  of  the  ischium,  blends  with  the  upper  part  of  the  tendon  of  the  Obturator 
interims,  and  is  inserted  with  it  into  the  medial  surface  of  the  greater  trochanter. 
It  is  sometimes  wanting. 


flreaUr  eciaitc 
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The  Gemellus  inferior  arises  from  the  upper  part  of  the  tuberosity  of  the  ischium, 
immediately  below  the  groove  for  the  Obturator  internus  tendon.  It  blends  with 
the  lower  part  of  the  tendon  of  the  Obturator  internus,  and  is  inserted  with  it 
into  the  medial  surface  of  the  greater  trochanter.  Rarely  absent. 

The  Quadratus  femoris  is  a  flat,  quadrilateral  muscle,  between  the  Gemellus 
inferior  and  the  upper  margin  of  the  Adductor  magnus;  it  is  separated  from  the 
latter  by  the  terminal  branches  of  the  medial  femoral  circumflex  vessels.  It  arises 
from  the  upper  part  of  the  external  border  of  the  tuberosity  of  the  ischium,  and  is 
inserted  into  the  upper  part  of  the  linea  quadrata — that  is,  the  line  which  extends 
vertically  downward  from  the  intertrochanteric  crest.  A  bursa  is  often  found 
between  the  front  of  this  muscle  and  the  lesser  trochanter.  Sometimes  absent. 


-The  left  Obturator  internus 
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The  Obturator  oxternus  (Fig,  44(5)  is  a  flat,  triangular  muscle,  which  covers 
the  outer  surface  of  the  anterior  wall  of  the  pelvis.  It  arises  from  the  margin 
of  bone  immediately  around  the  medial  side  of  the  obturator  foramen,  viz.,  from 
the  rami  of  the  pubis,  and  the  inferior  ramus  of  the  ischium;  it  also  arises  from  the 
medial  two-thirds  of  the  outer  surface  of  the  obturator  membrane,  and  from  the 
tendinous  arch  which  completes  the  canal  for  the  passage  of  the  obturator  vessels 
and  nerves.  The  fibers  springing  from  the  pubic  arch  extend  on  to  the  inner  sur¬ 
face  of  the  bone,  where  they  obtain  a  narrow  origin  between  the  margin  of  the 
foramen  and  the  attachment  of  the  obturator  membrane.  The  fibers  converge 
and  pass  backward,  lateral  ward,  and  upward,  and  end  in  a  tendon  which  runs 
across  the  back  of  the  neck  of  the  femur  and  lower  part  of  the  capsule  of  the  hip- 
joint  and  is  inserted  into  the  trochanteric  fossa  of  the  femur.  The  obturator  vessels 
lie  between  the  muscle  and  the  obturator  membrane;  the  anterior  branch  of  the 
obturator  nerve  reaches  the  thigh  by  passing  in  front  of  the  muscle,  and  the 
posterior  branch  bv  piercing  it. 


Fiq.  440. — The  Obturator  externu.H 

Nerves. — The  Glutaeus  maximus  is  supplied  by  the  fifth  lumbar  and  first  and  second  sacra) 
nerves  through  the  inferior  gluteal  nerve;  the  Glutei.  medius  and  minimus  and  the  Tensor  fasciae 
late  by  the  fourth  and  fifth  luinhar  and  first  sacral  nerves  through  the  superior  gluteal ;  the  Piri¬ 
formis  is  supplied  by  the  first  and  second  sacral  nerves;  the  Gemellus  inferior  and  Quadrat  us 
femoris  by  the  last  lumbar  and  first  sacral  nerves;  the  Gemellus  superior  and  Obturator  interims 
by  the  first,  second,  and  third  sacral  nerves,  and  the  Obturator  ex  tennis  by  the  third  and  fourth 
lumbar  nerves  through  the  obturator. 

Actions. — When  the  Gluteus  maximus  takes  its  fixed  point  from  the  pelvis,  it  extends  the 
femur  and  brings  the  bent  thigh  into  a  line  with  the  body.  Taking  its  fixed  point  from  below, 
it  acts  upon  the  pelvis,  supporting  it  and  the  trunk  upon  the  head  of  the  femur;  this  is  especially 
obvious  in  standing  on  one  leg.  Its  most  powerful  action  is  to  cause  the  body  to  regain  the  erect 
position  after  stooping,  by  drawing  the  pelvis  backward,  being  assisted  in  this  action  by  the 
Biceps  femoris,  Semitendinosus,  and  Semimembranosus.  The  Gluteus  maximus  is  a  tensor  of 
the  fascia  lata,  and  by  its  connection  with  the  iliotibial  band  steadies  the  femur  on  the  articular 
surfaces  of  the  tibia  during  standing,  when  the  Extensor  muscles  are  relaxed.  The  lower  part 
of  the  muscle  also  acts  as  an  adductor  and  external  rotator  of  the  limb.  The  Glutei  medius  and 
minimus  abduct  the  thigh,  when  the  limb  is  extended,  and  are  principally  called  into  action  in 
supporting  the  body  on  one  limb,  in  conjunction  with  the  Tensor  fascia?  late.  Their  anterior 
fibers,  by  drawing  the  greater  trochanter  forward,  rotate  the  thigh  inward,  in  which  action  they 
are  also  assisted  by  the  Tensor  fascia*-  lata*.  The  Tensor  fascia*  late  is  a  tensor  of  the  fascia  lata: 
continuing  its  action,  the  oblique  direction  of  its  fiteis  enables  it  to  abduct  the  thigh  and  to  rotate 
it  inward.  In  the  erect  posture,  acting  from  below,  it  will  serve  to  steady  the  pelvis  upon  the  head 
of  the  femur;  and  by  means  of  the  iliotibial  band  it  steadies  the  condyles  of  the  femur  on  the 
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articular  surfaces  of  the  tibia,  and  assists  the  Gluteus  maximus  in  supporting  the  knee  in  the 
extended  position.  The  remaining  muscles  are  powerful  external  rotators  of  the  thigh.  In  the 
Fitting  jwsture,  when  the  thigh  is  flexed  upon  the  pelvis,  their  action  as  rotators  ceases,  and  they 
become  abductors,  with  the  exception  of  the  Obturator  extemus,  which  still  rotates  the  femur 
outward. 

4.  The  Posterior  Femoral  Muscles  (Hamstring  Muscles)  (Fig.  443). 

The  Biceps  femoris  ( Biceps )  is  situated  on  the  posterior  and  lateral  aspect  of  the 
thigh.  It  has  two  heads  of  origin ;  one,  the  long  head,  arises  from  the  lower  and  inner 
impression  on  the  back  part  of  the  tuberosity  of  the  ischium,  by  a  tendon  common 
to  it  and  the  Semitendinosus,  and  from  the  lower  part  of  the  sacrotuberous  liga¬ 
ment;  the  other,  the  short  head,  arises  from  the  lateral  lip  of  the  linea  aspera, 
between  the  Adductor  magnus  and  Vastus  lateralis,  extending  up  almost  as  high 
as  the  insertion  of  the  Glutaeus  maximus;  from  the  lateral  prolongation  of  the 
linea  aspera  to  within  5  cm.  of  the  lateral  condyle;  and  from  the  lateral  inter¬ 
muscular  septum.  The  fibers  of  the  long  head  form  a  fusiform  belly,  which  passes 
obliquely  downward  and  lateralward  across  the  sciatic  nerve  to  end  in  an  aponeu¬ 
rosis  which  covers  the  posterior  surface  of  the  muscle,  and  receives  the  fibers  of 
the  short  head;  this  aponeurosis  becomes  gradually  contracted  into  a  tendon, 
which  is  inserted  into  the  lateral  side  of  the  head  of  the  fibula,  and  by  a  small 
slip  into  the  lateral  condyle  of  the  tibia.  At  its  insertion  the  tendon  divides  into 
two  portions,  which  embrace  the  fibular  collateral  ligament  of  the  knee-joint. 
From  the  posterior  border  of  the  tendon  a  thin  expansion  is  given  off  to  the  fascia 
of  the  leg.  The  tendon  of  insertion  of  this  muscle  forms  the  lateral  hamstring; 
the  common  peroneal  nerve  descends  along  its  medial  border. 

Variations. — The  short  head  may  be  absent;  additional  heads  may  arise  from  the  ischial 
tulierosity,  the  linea  aspera,  the  medial  supracondylar  ridge  of  the  femur  or  from  various  other 
parts.  A  slip  may  pass  to  the  Gastrocnemius. 

The  Semitendinosus,  remarkable  for  the  great  length  of  its  tendon  of  insertion, 
is  situated  at  the  posterior  and  medial  aspect  of  the  thigh.  It  arises  from  the  lower 
and  medial  impression  on  the  tuberosity  of  the  ischium,  by  a  tendon  common 
to  it  and  the  long  head  of  the  Biceps  femoris;  it  also  arises  from  an  aponeurosis 
which  connects  the  adjacent  surfaces  of  the  two  muscles  to  the  extent  of  about 
7.5  cm.  from  their  origin.  The  muscle  is  fusiform  and  ends  a  little  below  the  middle 
of  the  thigh  in  a  long  round  tendon  which  lies  along  the  medial  side  of  the  popliteal 
fossa;  it  then  curves  around  the  medial  condyle  of  the  tibia  and  passes  over  the 
tibial  collateral  ligament  of  the  knee-joint,  from  which  it  is  separated  by  a  bursa, 
and  is  inserted  into  the  upper  part  of  the  medial  surface  of  the  body  of  the  tibia, 
nearly  as  far  forward  as  its  anterior  crest.  At  its  insertion  it  gives  off  from  its 
lower  border  a  prolongation  to  the  deep  fascia  of  the  leg  and  lies  behind  the  tendon 
of  the  Sartorius,  and  below  that  of  the  Gracilis,  to  which  it  is  united.  A  tendinous 
intersection  is  usually  observed  about  the  middle  of  the  muscle. 

The  Semimembranosus,  so  called  from  its  membranous  tendon  of  origin,  is  situ¬ 
ated  at  the  back  and  medial  side  of  the  thigh.  It  arises  by  a  thick  tendon  from 
the  upper  and  outer  impression  on  the  tuberosity  of  the  ischium,  above  and  lateral 
to  the  Biceps  femoris  and  Semitendinosus.  The  tendon  of  origin  expands  into  an 
aponeurosis,  which  covers  the  upper  part  of  the  anterior  surface  of  the  muscle;  from 
this  aponeurosis  muscular  fibers  arise,  and  converge  to  another  aponeurosis  which 
covers  the  lower  part  of  the  posterior  surface  of  the  muscle  and  contracts  into  the 
tendon  of  insertion.  It  is  inserted  mainly  into  the  horizontal  groove  on  the  posterior 
medial  aspect  of  the  medial  condyle  of  the  tibia.  The  tendon  of  insertion  gives  off 
certain  fibrous  expansions:  one,  of  considerable  size,  passes  upward  and  lateralward 
to  be  inserted  into  the  back  part  of  the  lateral  condyle  of  the  femur,  forming  part 
of  the  oblique  popliteal  ligament  of  the  knee-joint  ;  a  second  is  continued  downward 
to  the  fascia  which  covers  the  Popliteus  muscle;  while  a  few’  fibers  join  the  tibial 
31 
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collateral  ligament  of  the  joint  and  the  fascia  of  the  leg.  The  muscle  overlaps  the 
upper  part  of  the  popliteal  vessels. 

Variations. — It  may  be  reduced  or  absent,  or  double,  arising  mainly  from  the  sacrotuberous 
ligament  and  giving  a  slip  to  the  femur  or  Adductor  magnus. 

The  tendons  of  insertion  of  the  two  preceding  muscles  form  the  medial  hamstrings. 

Nerves. — The  muscles  of  this  region  are  supplied  by  the  fourth  and  fifth  lumbar  and  the  first, 
second,  and  third  sacral  nerves;  the  nerve  to  the  short  head  of  the  Biceps  femoris  is  derived  from 
the  common  peroneal,  the  other  muscles  are  supplied  through  the  tibial  nerve. 

Actions. — The  hamstring  muscles  flex  the  leg  upon  the  thigh.  When  the  knee  is  semiflexed, 
the  Biceps  femoris  in  consequence  of  its  oblique  direction  rotates  the  leg  slightly  outward;  and 
the  Semitendinosus,  and  to  a  slight  extent  the  Semimembranosus,  rotate  the  leg  inward,  assist¬ 
ing  the  Popliteus.  Taking  their  fixed  point  from  below,  these  muscles  serve  to  support  the  pelvis 
upon  the  head  of  the  femur,  and  to  draw  the  trunk  directly  backward,  as  in  raising  it  from  the 
stooping  position  or  in  feats  of  strength,  when  the  body  is  thrown  backward  in  the  form  of  an 
arch.  As  already  indicated  on  page  341,  complete  flexion  of  the  hip  cannot  be  effected  unless 
the  knee-joint  is  also  flexed,  on  account  of  the  shortness  of  the  hamstring  muscles. 

m.  THE  MUSCLES  AND  FASCLffi  OF  THE  LEG. 

The  muscles  of  the  leg  may  be  divided  into  three  groups:  anterior,  posterior, 
and  lateral. 

1.  The  Anterior  Crural  Muscles  (Fig.  447). 

Deep  Fascia  ( fascia  cruris ). — The  deep  fascia  of  the  leg  forms  a  complete  invest¬ 
ment  to  the  muscles,  and  is  fused  with  the  periosteum  over  the  subcutaneous 
surfaces  of  the  bones.  It  is  continuous  above  with  the  fascia  lata,  and  is  attached 
around  the  knee  to  the  patella,  the  ligamentum  patellae,  the  tuberosity  and  con¬ 
dyles  of  the  tibia,  and  the  head  of  the  fibula.  Behind ,  it  forms  the  popliteal  fascia, 
covering  in  the  popliteal  fossa;  here  it  is  strengthened  by  transverse  fibers,  and 
perforated  by  the  small  saphenous  vein.  It  receives  an  expansion  from  the  tendon 
of  the  Biceps  femoris  laterally,  and  from  the  tendons  of  the  Sartorius,  Gracilis, 
Semitendinosus,  and  Semimembranosus  medially;  in  front,  it  blends  with  the  peri¬ 
osteum  covering  the  subcutaneous  surface  of  the  tibia,  and  with  that  covering 
the  head  and  malleolus  of  the  fibula;  below,  it  is  continuous  with  the  transverse 
crural  and  laciniate  ligaments.  It  is  thick  and  dense  in  the  upper  and  anterior 
part  of  the  leg,  and  gives  attachment,  by  its  deep  surface,  to  the  Tibialis  anterior 
and  Extensor  digitorum  longus;  but  thinner  behind,  where  it  covers  the  Gastroc¬ 
nemius  and  Soleus.  It  gives  off  from  its  deep  surface,  on  the  lateral  side  of  the  leg, 
two  strong  intermuscular  septa,  the  anterior  and  posterior  peroneal  septa,  which 
enclose  the  Peronaei  longus  and  brevis,  and  separate  them  from  the  muscles  of 
the  anterior  and  posterior  crural  regions,  and  several  more  slender  processes  which 
enclose  the  individual  muscles  in  each  region.  A  broad  transverse  intermuscular 
septum,  called  the  deep  transverse  fascia  of  the  leg,  intervenes  between  the  super¬ 
ficial  and  deep  posterior  crural  muscles. 

The  Tibialis  anterior  ( Tibialis  anticus)  is  situated  on  the  lateral  side  of  the  tibia; 
it  is  thick  and  fleshy  above,  tendinous  below7.  It  arises  from  the  lateral  condyle 
and  upper  half  or  two-thirds  of  the  lateral  surface  of  the  body  of  the  tibia;  from 
the  adjoining  part  of  the  interosseous  membrane;  from  the  deep  surface  of  the 
fascia;  and  from  the  intermuscular  septum  between  it  and  the  Extensor  digitorum 
longus.  The  fibers  run  vertically  downward,  and  end  in  a  tendon,  which  is  apparent 
on  the  anterior  surface  of  the  muscle  at  the  lower  third  of  the  leg.  After  passing 
through  the  most  medial  compartments  of  the  transverse  and  cruciate  crural 
ligaments,  it  is  inserted  into  the  medial  and  under  surface  of  the  first  cuneiform 
bone,  and  the  base  of  the  first  metatarsal  bone.  This  muscle  overlaps  the  anterior 
tibial  vessels  and  deep  peroneal  nerve  in  the  upper  part  of  the  leg. 

Variations. — A  deep  portion  of  the  muscle  is  rarely  inserted  into  the  talus,  or  a  tendinous  slip 
may  pass  to  the  head  of  the  first  metatarsal  bone  or  the  base  of  the  first  phalanx  of  the  great  toe. 
The  Tibiofascialw  anterior,  a  small  muscle  from  the  lower  part  of  the  tibia  to  the  transverse  or 
cruciate  crural  ligaments  or  deep  fascia. 
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The  Extensor  hallucis  longus  ( Extensor  propria# 
halluris)  is  a  thin  muscle,  situated  between  the 
Tibialis  anterior  and  the  Extensor  digitorum 
longus.  It  arise s  from  the  anterior  surface  of  the 
fibula  for  about  the  middle  two-fourths  of  it 
extent,  medial  to  the  origin  of  the  Extensor  digi 
torum  longus;  it  also  arises  from  the  interosseous 
membrane  to  a  similar  extent.  The  anterior 
tibial  vessels  and  deep  peroneal  nerve  lie  between 
it  and  the  Tibialis  anterior.  The  fibers  pass 
downward,  and  end  in  a  tendon,  which  occupies 
the  anterior  border  of  the  muscle,  passes  through 
a  distinct  compartment  in  the  cruciate  crural 
ligament,  crosses  from  the  lateral  to  the  medial 
side  of  the  anterior  tibial  vessels  near  the  bend  Oi 
the  ankle,  and  is  inserted  into  the  base  of  the  distal 
phalanx  of  the  great  toe.  Opposite  the  metatarso¬ 
phalangeal  articulation,  the  tendon  gives  off  a  thin 
prolongation  on  either  side,  to  cover  the  surface 
of  the  joint.  An  expansion  from  the  medial  side 
of  the  tendon  is  usually  inserted  into  the  base  of 
rhn  nroximal  phalanx. 

Variations. — Occasionally  united  at  its  origin  with  the 
Extensor  digitoruin  longus.  Extensor  assti  metatarsi  hot- 
lua.^  a  small  muscle,  sometimes  found  as  a  slip  from  the 
Extensor  hallucis  longus,  or  from  the  Tibialis  anterior,  or 
tan  the  Extensor  digi  trirum  longus,  or  as  a  distinct  mus- 
ek ;  it  traverses  the  same  compartment  of  the  transverse 
ligament  with  the  Extensor  haJlucis  longus. 

The  Extensor  digitorum  longus  is  a  penniform 
muscle,  situated  at  the  lateral  part  of  the  front 
of  the  leg.  It  arises  from  the  lateral  condyle  of 
the  tibia;  from  the  upper  three-fourths  of  the 
anterior  surface  of  the  body  of  the  fibula;  from 
the  upper  part  of  the  interosseous  membrane; 
from  the  deep  surface  of  the  fascia;  and  from  the 
intermuscular  septa  between  it  and  the  Tibialis 
anterior  on  the  medial,  and  the  Peronaei  on  the 
lateral  side.  Between  it  and  the  Tibialis  anterior 
are  the  upper  portions  of  the  anterior  tibial  vessels 
and  deep  peroneal  nerve.  The  tendon  passes  under 
the  transverse  and  cruciate  crural  ligaments  in 
company  with  the  Peronams  tertius,  and  divides 
into  four  slips,  which  run  forward  on  the  dorsum 
of  the  foot,  and  are  inserted  into  the  second  and 
third  phalanges  of  the  four  lesser  toes.  The  ten¬ 
dons  to  the  second,  third,  and  fourth  toes  are 
each  joined,  opposite  the  metatarsophalangeal 
articulation,  on  the  lateral  side  by  a  tendon  of 
the  Extensor  digitorum  brevis.  The  tendons  are 
inserted  in  the  following  manner:  each  receives  a 
fibrous  expansion  from  the  Interossei  and  Lum- 
bricalis,  and  then  spreads  out  into  a  broad  apon¬ 
eurosis,  which  covers  the  dorsal  surface  of  the 


Fig  447v — Muscles  of  the  front  of 
the  leg. 
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first  phalanx:  this  aponeurosis,  at  the  articulation  of  the  first  with  the  second 
phalanx,  divides  into  three  slips — an  intermediate,  which  is  inserted  into  the  base 
of  the  second  phalanx;  and  two  collateral  slips,  which,  after  uniting  on  the  dorsal 
surface  of  the  second  phalanx,  are  continued  onward,  to  be  inserted  into  the  base 
of  the  third  phalanx. 

Variations. — This  muscle  varies  considerably  in  the  modes  of  origin  and  the  arrangement  of  its 
various  tendons.  The  tendons  to  the  second  and  fifth  toes  may  be  found  doubled,  or  extra  slips 
are  given  off  from  one  or  more  tendons  to  their  corresponding  metatarsal  bones,  or  to  the  short 
extensor,  or  to  one  of  the  interosseous  muscles.  A  slip  to  the  great  toe  from  the  innermost  tendon 
has  been  found. 

The  Peronmus  tertius  is  a  part  of  the  Extensor  digitorum  longus,  and  might 
be  described  as  its  fifth  tendon.  The  fibers  belonging  to  this  tendon  arise  from 
the  lower  third  or  more  of  the  anterior  surface  of  the  fibula;  from  the  lower  part 
of  the  interosseous  membrane;  and  from  an  intermuscular  septum  between  it 
and  the  Peronaeus  brevis.  The  tendon,  after  passing  under  the  transverse  and 
cruciate  crural  ligaments  in  the  same  canal  as  the  Extensor  digitorum  longus, 
is  inserted  into  the  dorsal  surface  of  the  base  of  the  metatarsal  bone  of  the  little 
toe.  This  muscle  is  sometimes  wanting. 

Nerves. — These  muscles  are  supplied  by  the  fourth  and  fifth  lumbar  and  first  sacral  nerves 
through  the  deep  peroneal  nerve. 

Actions. — The  Tibialis  anterior  and  Peronaeus  tertius  are  the  direct  flexors  of  the  foot  at  the 
ankle-joint;  the  former  muscle,  when  acting  in  conjunction  with  the  Tibialis  posterior,  raises  the 
medial  border  of  the  foot,  i.  e.,  inverts  the  foot;  and  the  latter,  acting  with  the  Peronaei  brevis 
and  longus,  raises  the  lateral  border  of  the  foot,  i.  e.,  everts  the  foot.  The  Extensor  digitorum 
longus  and  Extensor  hallucis  longus  extend  the  phalanges  of  the  toes,  and,  continuing  their 
action,  flex  the  foot  upon  the  leg.  Taking  their  fixed  points  from  below,  in  the  erect  posture, 
all  these  muscles  serve  to  fix  the  bones  of  the  leg  in  the  perpendicular  position,  and  give  increased 
strength  to  the  ankle-joint. 


2.  The  Posterior  Crural  Muscles. 

The  muscles  of  the  back  of  the  leg  are  subdivided  into  two  groups — superficial 
and  deep.  Those  of  the  superficial  group  constitute  a  powerful  muscular  mass, 
forming  the  calf  of  the  leg.  Their  large  size  is  one  of  the  most  characteristic 
features  of  the  muscular  apparatus  in  man,  and  bears  a  direct  relation  to  his  erect 
attitude  and  his  mode  of  progression. 

The  Superficial  Group  (Fig.  448). 

Gastrocnemius.  Soleus.  Plantaris. 

The  Gastrocnemius  is  the  most  superficial  muscle,  and  forms  the  greater  part 
of  the  calf.  It  arises  by  two  heads,  which  are  connected  to  the  condyles  of  the 
femur  by  strong,  flat  tendons.  The  medial  and  larger  head  takes  its  origin  from  a 
depression  at  the  upper  and  back  part  of  the  medial  condyle  and  from  the  adjacent 
part  of  the  femur.  The  lateral  head  arises  from  an  impression  on  the  side  of  the 
lateral  condyle  and  from  the  posterior  surface  of  the  femur  immediately  above 
the  lateral  part  of  the  condyle.  Both  heads,  also,  arise  from  the  subjacent  part 
of  the  capsule  of  the  knee.  Each  tendon  spreads  out  into  an  aponeurosis,  which 
covers  the  posterior  surface  of  that  portion  of  the  muscle  to  which  it  belongs. 
From  the  anterior  surfaces  of  these  tendinous  expansions,  muscular  fibers  are 
given  off ;  those  of  the  medial  head  being  thicker  and  extending  lower  than  those 
of  the  lateral.  The  fibers  unite  at  an  angle  in  the  middle  line  of  the  muscle  in  a 
tendinous  raphe,  which  expands  into  a  broad  aponeurosis  on  the  anterior  surface 
of  the  muscle,  and  into  this  the  remaining  fibers  are  inserted.  The  aponeurosis, 
gradually  contracting,  unites  with  the  tendon  of  the  Soleus,  and  forms  with  it 
the  tendo  calcaneus. 
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Variation*. — Absence  of  the  outer  head  or  of  the  entire  muscle.  Extra  slips  from  the  popliteal 
surface  of  the  femur. 

The  Soleus  is  a  broad  flat  muscle  situated  immediately  in  front  of  the  Gastroc¬ 
nemius.  It  arises  by  tendinous  fibers  from  the  back  of  the  head  of  the  fibula, 
and  from  the  upper  third  of  the  posterior  surface  of  the  body  of  the  bone;  from  the 
popliteal  line,  and  the  middle  third  of  the  medial  border  of  the  tibia;  some  fibers 
also  arise  from  a  tendinous  arch  placed  between  the  tibial  and  fibular  origins 
of  the  muscle,  in  front  of  which  the  popliteal  vessels  and  tibial  nerve  run.  The 
fibers  end  in  an  aponeurosis  which  covers  the  posterior  surface  of  the  muscle,  and, 
gradually  becoming  thicker  and  narrower,  joins  with  the  tendon  of  the  Gastroc¬ 
nemius,  and  forms  with  it  the  tendo  calcaneus. 

Variation*. — Accessory  head  to  its  lower  and  inner  part  usually  ending  in  the  tendocalcaneus,  or 
the  calcaneus,  or  the  laciniate  ligament. 

The  Gastrocnemius  and  Soleus  together  form  a  muscular  mass  which  is  occa¬ 
sionally  described  as  the  Triceps  sur® ;  its  tendon  of  insertion  is  the  tendo  calcaneus. 

Tendo  Calcaneus  (tendo  AckUlis). — The  tendo  calcaneus,  the  common  tendon  of  the 
Gastrocnemius  and  Soleus,  is  the  thickest  and  strongest  in  the  body.  It  is  about 
15  cm.  long,  and  begins  near  the  middle  of  the  leg,  but  receives  fleshy  fibers  on  its 
anterior  surface,  almost  to  its  lower  end.  Gradually  becoming  contracted  below, 
it  is  inserted  into  the  middle  part  of  the  posterior  surface  of  the  calcaneus,  a  bursa 
being  interposed  between  the  tendon  and  the  upper  part  of  this  surface.  The  ten¬ 
don  spreads  out  somewhat  at  its  lower  end,  so  that  its  narrowest  part  is  about 
4  cm.  above  its  insertion.  It  is  covered  by  the  fascia  and  the  integument,  and  is 
separated  from  the  deep  muscles  and  vessels  by  a  considerable  interval  filled  up 
with  areolar  and  adipose  tissue.  Along  its  lateral  side,  but  superficial  to  it,  is  the 
small  saphenous  vein. 

The  Plantaris  is  placed  between  the  Gastrocnemius  and  Soleus.  It  arises  from 
the  lower  part  of  the  lateral  prolongation  of  the  linea  aspera,  and  from  the  oblique 
popliteal  ligament  of  the  knee-joint.  It  forms  a  small  fusiform  belly,  from  7  to 
10  cm.  long,  ending  in  a  long  slender  tendon  which  crosses  obliquely  between  the 
two  muscles  of  the  calf,  and  runs  along  the  medial  border  of  the  tendo  calcaneus, 
to  be  inserted  with  it  into  the  posterior  part  of  the  calcaneus.  This  muscle  is  some¬ 
times  double,  and  at  other  times  wanting.  Occasionally,  its  tendon  is  lost  in  the 
laciniate  ligament,  or  in  the  fascia  of  the  leg. 

Nerves. — The  Gastrocnemius  and  Soleus  are  supplied  by  the  first  and  second  sacral  nerves, 
end  the  Plantaris  by  the  fourth  and  fifth  lumbar  and  first  sacral  nerves,  through  the  tibial  nerve. 

Action*. — The  muscles  of  the  calf  are  the  chief  extensors  of  the  foot  at  the  ankle-joint.  They 
possess  considerable  power,  and  are  constantly  called  into  use  in  standing,  walking,  dancing, 
ind  leaping;  hence  the  large  size  they  usually  present.  In  walking,  these  muscles  raise  the  heel 
from  the  ground;  the  body  being  thus  supported  on  the  raised  foot,  the  opposite  limb  can  be 
carried  forward.  In  standing,  the  Soleus,  taking  its  fixed  point  from  below,  steadies  the  leg  upon 
the  foot  and  prevents  the  body  from  falling  forward.  The  Gastrocnemius,  acting  from  below, 
saves  to  flex  the  femur  upon  the  tibia,  assisted  by  the  Popliteus.  The  Plantaris  is  the  rudiment 
of  a  large  muscle  which  in  some  of  the  lower  animals  is  continued  over  the  calcaneus  to  be  inserted 
into  the  plantar  aponeurosis.  In  man  it  is  an  accessory  to  the  Gastrocnemius,  extending  the 
ankle  if  the  foot  be  free,  or  bending  the  knee  if  the  foot  be  fixed. 

The  Deep  Group  (Fig.  449). 

Popliteus.  Flexor  digitorum  longus. 

Flexor  hallueis  longus.  Tibialis  posterior. 

Deep  Transverse  Fascia. — The  deep  transverse  fascia  of  the  leg  is  a  transversely 
placed,  intermuscular  septum,  between  the  superficial  and  deep  muscles  of  the 
back  of  the  leg.  At  the  sides  it  is  connected  to  the  margins  of  the  tibia  and 
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fibula.  Above,  where  it  covers  the  Popliteus,  it  is  thick  and  dense,  and  receives 
an  expansion  from  the  tendon  of  the  Semimembranosus ;  it  is  thinner  in  the  middle 
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Fro.  44S. —  Muaclen  of  the  back  of  the  leg. 
Superficial  layer. 


•Muscle*  of  the  back  of  tiu>  leg. 
Deep  layer. 


of  the  leg;  but  below,  where  it  covers  the  tendons  passing  behind  the  malleoli, 
it  is  thickened  and  continuous  with  the  laciniate  ligament. 

The  Popliteus  is  a  thin,  flat,  triangular  muscle,  which  forms  the  lower  part  of 
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the  floor  of  the  popliteal  fossa.  It  arises  by  a  strong  tendon  about  2.5  cm.  long, 
from  a  depression  at  the  anterior  part  of  the  groove  on  the  lateral  condyle  of  the 
femur,  and  to  a  small  extent  from  the  oblique  popliteal  ligament  of  the  knee-joint; 
and  is  inserted  into  the  medial  two-thirds  of  the  triangular  surface  above  the  pop¬ 
liteal  line  on  the  posterior  surface  of  the  body  of  the  tibia,  and  into  the  tendinous 
expansion  covering  the  surface  of  the  muscle. 

Variations. — Additional  head  from  the  sesamoid  bone  in  the  outer  head  of  the  Gastrocnemius. 
Popliteus  minor ,  rare,  origin  from  femur  on  the  inner  side  of  the  Plantaris,  insertion  into  the  pos¬ 
terior  ligament  of  the  knee-joint.  Peroneotibialis ,  14  per  cent.,  origin  inner  side  of  the  head  of  the 
fibula,  insertion  into  the  upper  end  of  the  oblique  line  of  the  tibia,  it  lies  beneath  the  Popliteus. 

The  Flexor  hallucis  longus  is  situated  on  the  fibular  side  of  the  leg.  It  arises 
from  the  inferior  two-thirds  of  the  posterior  surface  of  the  body  of  the  fibula,  with 
the  exception  of  2.5  cm.  at  its  lowest  part;  from  the  lower  part  of  the  interosseous 
membrane;  from  an  intermuscular  septum  between  it  and  the  Peronsei,  laterally, 
and  from  the  fascia  covering  the  Tibialis  posterior,  medially.  The  fibers  pass 
obliquely  downward  and  backward,  and  end  in  a  tendon  which  occupies  nearly 
the  whole  length  of  the  posterior  surface  of  the  muscle.  This  tendon  lies  in  a  groove 
which  crosses  the  posterior  surface  of  the  lower  end  of  the  tibia,  the  posterior 
surface  of  the  talus,  and  the  under  surface  of  the  sustentaculum  tali  of  the  calca¬ 
neus;  in  the  sole  of  the  foot  it  runs  forward  between  the  two  heads  of  the  Flexor 
hallucis  brevis,  and  is  inserted  into  the  base  of  the  last  phalanx  of  the  great  toe. 
The  grooves  on  the  talus  and  calcaneus,  which  contain  the  tendon  of  the  muscle, 
are  converted  by  tendinous  fibers  into  distinct  canals,  lined  by  a  mucous  sheath. 
As  the  tendon  passes  forward  in  the  sole  of  the  foot,  it  is  situated  above,  and 
crosses  from  the  lateral  to  the  medial  side  of  the  tendon  of  the  Flexor  digitorum 
longus,  to  which  it  is  connected  by  a  fibrous  slip. 

Variations. — Usually  a  slip  runs  to  the  Flexor  digitorum  and  frequently  an  additional  slip  runs 
from  the  Flexor  digitorum  to  the  Flexor  hallucis.  Peroneoccdcaneus  intemus ,  rare,  origin  below 
or  outside  the  Flexor  hallucis  from  the  back  of  the  fibula,  passes  over  the  sustentaculum  tali  with 
the  Flexor  hallucis  and  is  inserted  into  the  calcaneum. 

The  Flexor  digitorum  longus  is  situated  on  the  tibial  side  of  the  leg.  At  its 
origin  it  is  thin  and  pointed,  but  it  gradually  increases  in  size  as  it  descends.  It 
(irises  from  the  posterior  surface  of  the  body  of  the  tibia,  from  immediately  below 
the  popliteal  line  to  within  7  or  8  cm.  of  its  lower  extremity,  medial  to  the  tibial 
origin  of  the  Tibialis  posterior;  it  also  arises  from  the  fascia  covering  the  Tibialis 
posterior.  The  fibers  end  in  a  tendon,  which  runs  nearly  the  whole  length  of  the 
posterior  surface  of  the  muscle.  This  tendon  passes  behind  the  medial  malleolus, 
in  a  groove,  common  to  it  and  the  Tibialis  posterior,  but  separated  from  the  latter 
by  a  fibrous  septum,  each  tendon  being  contained  in  a  special  compartment  lined 
by  a  separate  mucous  sheath.  It  passes  obliquely  forward  and  lateralward,  super¬ 
ficial  to  the  deltoid  ligament  of  the  ankle-joint,  into  the  sole  of  the  foot  (Fig.  454), 
where  it  crosses  below  the  tendon  of  the  Flexor  hallucis  longus,  and  receives  from  it 
a  strong  tendinous  slip.  It  then  expands  and  is  joined  by  the  Quadratus  plantse, 
and  finally  divides  into  four  tendons,  which  are  inserted  into  the  bases  of  the  last 
phalanges  of  the  second,  third,  fourth,  and  fifth  toes,  each  tendon  passing  through 
an  opening  in  the  corresponding  tendon  of  the  Flexor  digitorum  brevis  opposite 
the  base  of  the  first  phalanx. 

Vitiation*. — Flexor  accessorius  longus  digitorum ,  not  infrequent,  origin  from  fibula,  or  tibia, 
or  the  deep  fascia  and  ending  in  a  tendon  which,  after  passing  beneath  the  laciniate  ligament, 
jobs  the  tendon  of  the  long  flexor  or  the  Quadratus  plantse. 

The  Tibialis  posterior  ( Tibialis  'posticus)  lies  between  the  two  preceding  muscles, 
and  is  the  most  deeply  seated  of  the  muscles  on  the  back  of  the  leg.  It  begins 
above  by  two  pointed  processes,  separated  by  an  angular  interval  through  which 
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the  anterior  tibial  vessels  pass  forward  to  the  front  of  the  leg.  It  arises  from  the 
whole  of  the  posterior  surface  of  the  interosseous  membrane,  excepting  its  lowest 
part;  from  the  lateral  portion  of  the  posterior  surface  of  the  body  of  the  tibia, 
between  the  commencement  of  the  popliteal  line  above  and  the  junction  of  the 
middle  and  lower  thirds  of  the  body  below;  and  from  the  upper  two-thirds  of  the 
medial  surface  of  the  fibula;  some  fibers  also  arise  from  the  deep  transverse  fascia, 
and  from  the  intermuscular  septa  separating  it  from  the  adjacent  muscles.  In 
the  lower  fourth  of  the  leg  its  tendon  passes  in  front  of  that  of  the  Flexor  digitorum 
longus  and  lies  with  it  in  a  groove  behind  the  medial  malleolus,  but  enclosed  in  a 
separate  sheath;  it  next  passes  under  the  laciniate  and  over  the  deltoid  ligament 
into  the  foot,  and  then  beneath  the  plantar  calcaneonavicular  ligament.  The 
tendon  contains  a  sesamoid  fibrocartilage,  as  it  runs  under  the  plantar  calcaneo¬ 
navicular  ligament.  It  is  inserted  into  the  tuberosity  of  the  navicular  bone,  and 
gives  off  fibrous  expansions,  one  of  which  passes  backward  to  the  sustentaculum  tali 
of  the  calcaneus,  others  forward  and  lateral  ward  to  the  three  cuneiforms,  the 
cuboid,  and  the  bases  of  the  second,  third,  and  fourth  metatarsal  bones. 

Nerves. — The  Popliteus  is  supplied  by  the  fourth  and  fifth  lumbar  and  first  sacral  nerves,  the 
Flexor  digitorum  longus  and  Tibialis  posterior  by  the  fifth  lumbar  and  first  sacral,  and  the  Flexor 
hallucis  longus  by  the  fifth  lumbar  and  the  first  and  second  sacral  nerves,  through  the  tibial  nerve. 

Actions. — The  Popliteus  assists  in  flexing  the  leg  upon  the  thigh;  when  the  leg  is  flexed,  it  will 
rotate  the  tibia  inward.  It  is  especially  called  into  action  at  the  beginning  of  the  act  of  bending 
the  knee,  inasmuch  as  it  produces  the  slight  inward  rotation  of  the  tibia  which  is  essential  in  the 
early  stage  of  this  movement.  The  Tibialis  posterior  is  a  direct  extensor  of  the  foot  at  the  ankle- 
joint;  acting  in  conjunction  with  the  Tibialis  anterior,  it  turns  the  sole  of  the  foot  upward  and 
medialward,  i.  e.,  inverts  the  foot,  antagonizing  the  Peronaei,  which  turn  it  upward  and  lateral- 
ward  (evert  it).  In  the  sole  of  the  foot  the  tendon  of  the  Tibialis  posterior  lies  directly  below  the 
plantar  calcaneonavicular  ligament,  and  is  therefore  an  important  factor  in  maintaining  the 
arch  of  the  foot.  The  Flexor  digitorum  longus  and  Flexor  hallucis  longus  are  the  direct  flexors  of 
the  phalanges,  and,  continuing  their  action,  extend  the  foot  upon  the  leg;  they  assist  the  Gastroc¬ 
nemius  and  Soleus  in  extending  the  foot,  as  in  the  act  of  walking,  or  in  standng  on  tiptoe.  In 
consequence  of  the  oblique  direction  of  its  tendons  the  Flexor  digitorum  longus  would  draw  the 
toes  medialward,  were  it  not  for  the  Quadratus  plant®,  which  is  inserted  into  the  lateral  side 
of  the  tendon,  and  draws  it  to  the  middle  line  of  the  foot.  Taking  their  fixed  point  from  the 
foot,  these  muscles  serve  to  maintain  the  upright  posture  by  steadying  the  tibia  and  fibula 
perpendicularly  upon  the  talus. 

3.  The  Lateral  Crural  Muscles  (Fig.  449). 

Peronaeus  longus  Peroneeus  brevis. 

The  Peroneeus  longus  is  situated  at  the  upper  part  of  the  lateral  side  of  the 
leg,  and  is  the  more  superficial  of  the  two  muscles.  It  arises  from  the  head  and 
upper  two-thirds  of  the  lateral  surface  of  the  body  of  the  fibula,  from  the  deep 
surface  of  the  fascia,  and  from  the  intermuscular  septa  between  it  and  the  muscles 
on  the  front  and  back  of  the  leg;  occasionally  also  by  a  few  fibers  from  the  lateral 
condyle  of  the  tibia.  Between  its  attachments  to  the  head  and  to  the  body  of  the 
fibula  there  is  a  gap  through  which  the  common  peroneal  nerve  passes  to  the  front 
of  the  leg.  It  ends  in  a  long  tendon,  w’hich  runs  behind  the  lateral  malleolus,  in 
a  groove  common  to  it  and  the  tendon  of  the  Peronaeus  brevis,  behind  which  it 
lies;  the  groove  is  converted  into  a  canal  by  the  superior  peroneal  retinaculum,  and 
the  tendons  in  it  are  contained  in  a  common  mucous  sheath.  The  tendon  then 
extends  oliquely  forward  across  the  lateral  side  of  the  calcaneus,  below’  the  troch¬ 
lear  process,  and  the  tendon  of  the  Peroneeus  brevis,  and  under  cover  of  the  inferior 
peroneal  retinaculum.  It  crosses  the  lateral  side  of  the  cuboid,  and  then  runs  on  the 
under  surface  of  that  bone  in  a  groove  which  is  converted  into  a  canal  by  the  long 
plantar  ligament;  the  tendon  then  crosses  the  sole  of  the  foot  obliquely,  and  is 
inserted  into  the  lateral  side  of  the  base  of  the  first  metatarsal  bone  and  the  lateral 
side  of  the  first  cuneiform.  Occasionally  it  sends  a  slip  to  the  base  of  the  second 
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metatarsal  bone.  The  tendon  changes  its  direction  at  two  points:  first,  behind  the 
lateral  malleolus;  secondly,  on  the  cuboid  bone;  in  both  of  these  situations  the  ten¬ 
don  is  thickened,  and,  in  the  latter,  a  sesamoid  fibrocartilage  (sometimes  a  bone), 
is  usually  developed  in  its  substance. 


Fxq.  450. — The  right  lateral  crural  muscles. 


The  PeronsBns  brevis  lies  under  cover  of  the  Peronreus  longus,  and  is  a  shorter 
and  smaller  muscle.  It  arises  from  the  lower  two-thirds  of  the  lateral  surface  of 
the  body  of  the  fibula;  medial  to  the  Peronseus  longus;  and  from  the  intermuscular 
septa  separating  it  from  the  adjacent  muscles  on  the  front  and  back  of  the  leg. 
The  fibers  pass  vertically  downward,  and  end  in  a  tendon  which  runs  behind  the 
lateral  malleolus  along  with  but  in  front  of  that  of  the  preceding  muscle,  the  two 
tendons  being  enclosed  in  the  same  compartment,  and  lubricated  by  a  common 
mucous  sheath.  It  then  runs  forward  on  the  lateral  side  of  the  calcaneus,  above 
the  trochlear  process  and  the  tendon  of  the  Peronjeus  longus,  and  is  inserted  into 
the  tuberosity  at  the  base  of  the  fifth  metatarsal  bone,  on  its  lateral  side. 
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Ofy  fetftai&UrFacr  of  th*  tewkwits  oT  th^  ^ron^i  lwpii^  and 

brevis  occupy  'separate  ossenajKM^^^ntir  v;m;9s  hmwd.  hy  tte  atul  the 

.  perineal,  muiacula  \  each  Urmhm  is  <?uv£k>jk*d  by  a  toward  .prnfoiiig^tinp  of  the 

eomnunY  aiu«*ou?  4^ath,. 

Variations,-  (  of  *h»\  fra  perumt'i  i-  A  slip  from  llw  Fmaiivua  \mp&  tq  the  b&se 

of  f-lte  thmh  fh^fi  hono.  or  to  Jthfc  is*  w*&s&n>n&ljf ^^vJV1 

drum  train  flu*  filMa  » tMgtfraeti  Ut«v  loifcgi^  4  br^vaa,  joins  tfio  f  £&$(#* 
o.t  i  o‘i  h  avails*  tF»  f lie  sole  of  the  foot  , 

emd/P  a;  !/»•*?,  feju&y  origin  U»<^  fourth  of  fl»o  fi.bub  i  jo  dor  f  k»  brdns,  insert  i.m  into  ihe 
Est^feor  iipdoi:i.iX‘0^oi  ttejiflletoo.  M'ttwmniOn a  fel ioof  thOteridou  <«/  the  Pfe'rWn^lt$1  »re*yia?... 

I'm tto:rw  yvifrt  13  per  cent.  ^Orisborh  »rif$a  hack  of  fibula  betwcoo  the  ! .re vis  «nJ  r he  Klexor  • 
halltivps  Mt^rtiop  Mo  the  pftdaicai  ,*pim?  of  the  ( jkrbn&fcti/c'ins  w  $gl&viwT>  w  l  && 

fii?<4aei}|jy  oyivi  fh#'  of  ^hoi^i  {ptfcafrtficrttHtUfcuA), 

Kama.— -The  pcr.'c.uei'loo^u*  .atul-  brevis  are  im  ppfei  by  the  founU  ivtid  firth  timhar  aod 
-first  sa&ffct  tierv.es  Ife  frontal  i$mrr. 

Actiona-— -Thf '  foi*£w  v\*4  .bm-i?  ex the  foot  upon  the  tegi  fa a&rijuntoou  frith 

the/Kbfite  pY^tar-jor,  :  Oivi  Ttht^ils  aiiferior  and  P^omrii?  fcfcrtto,  ivbidbirc  ifaxors 

of  the  &Ji  .TW.' Pertir«tos.teiau«  Wisp  \ h*  %ife  of  the 'font;  and  from  the  dhlttjue  dirt&jipo 

of  *  the  tendon  across  the sofa  of  the  f^t  is  ah  iinpprtaafc  agent  ht  the  maintenance  of  the  trato 
"•‘Verse  arch.  Taking  their  five*!  point*  below.,  .the J^nifl&sero?  to  ?aeady  the  log  upon  th?  foot. 
TUh  k  especially  the  m**t  in  standing  nporb  oofa  fav,.  whom  the  ifjiiiJimey  of  ?ho  superineoiftoiu 
freight  fa  to  \hitw  (in?  leg  meiUaiwaKb'  tangua  oy^mnito  this  tendency  by  drawing 

on  the  hterol  side  of  the  Jo«. 

THE  THE  AWKLJ&* 

Fibrous  bauds,  pr  thickeiwJ ^  portions  o?  trip  Fa^m,  ImifJ  |qwn  the;  tendons  in 
front  of  and  behind  the  ankle  in  their  passage  tpe  foot,  'They  comprise  three 
ligaments,  viz  ,  the  tnaisverae  craraL  the  cruciate  crural  and  the  I  activate;  and  the 
superior  prul  inferior  peroneal  retinacula. 


JPtroTvpns  brans  Ikrvtoaiu  tmius 
Fie.  Idrlv — T$£  rtuifeoua  stasutta  of  tU©  i«u.rtoii#  e^rm»d  iho  eokfer. '  Lateral  aspect. 


Transvarae  Crural  ligament  0iyommttni>  tntnwmtH  cruris;  upper  -part  of  anterior 
annular  ligamerit)  (Fig.  b)lb—  The  transverse  r-rurai  ligament-  binds  down  the 
tendons  pt  ISxtensor  digitomm  lopgus,  Extensor  tertius, 

ftwri  Ivlnajis  anterioe  as  they  frorit  feif  the  tibui  afett  fibula;  tinder 

it  are  found  also  the  anterior  tibia!  vessels  nod  deep  peroneal  nerve,  it  C«  at taehed 
laterally  to  the  lower  end  of  the  fibula,  and  luedially  to  the  tii^yaifevoit  is  eou- 
ftiimuo yv'uh  the  fast  in  of  the  leg. 


'fid o  iy. 
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V*tG^  of  tin? -.Unjilwi'ti  aiounil  thediuklu.  MwJmrarpfert, 

Peroneal  Eetiaacala  — The  peroueal  retinacula  are  fibrous  bands  which  bind 
down  the  tendons  of  tt&  Pefai&i  tangos  and  brevis  as  they  ran  aCrt^  fltedateral 
51‘it;  «f  the  ankle .  The.  fibers  of  the  superior  retinaculum  (xxkroal  on m>hr  V.  (lament) 


t‘l  the  cruciate  tttits\li^taent0ekind  they  are  6f 

m  f#ieam?ps;  some  of  the  fibers  are  fixed  to;  the  jmmiteal  trochlea,  forming  a  septum 
Hwteri  the  tendons  of  the  Peronsei  bogus  and  lirewiis. 


THE  FASCIA  AROUND  TIIE  ANKLE 


Cruciate  Crural  Xagaaifefit  $ppfngti(mit:  :4ttiCfm0i-  eritris:  ■  fowet  pari  of  ante  Hot 
oKniihr  Honon-tit,  ;  Figs.  4  ft  v 'Ia2).— The.  cruciate  crural  lig!iineht  |s  a  Y-shaped, 
hand  played  in  frnnt  of  the  hiikie^Qtbt,  the  stuio  pf  the  Y  heing  attached  laterally 
to  (he  upper  surface  of  thc;<iiilci»neus>:  hi  front  of  depression  for  the  intefosseoiis 
uitveiilcaiiean  tigateenti  it  is  as  a  double  layer,,  pud  lamina 

;o-‘ung  in  front  of,  and  the -other  behind,  the  tendons  of  the  l\muis  icrtius 
.Hid  Extensor  digitorum  longos.  At  the  died  ini  border  of  the  latter  'tendon these 
two  layers  join  together,  forming  a  hojiipartmfiht  in  which  the  tfhdpb?  are 
eflyltciid.  From  the  medial  extremity  of  tltissheath  the  twolimbsoT  the  Y.'divcrge: 
one  is  directed  uprfatd  aod  tnedialwijtdjto  he  attaebed  to  . the  tilyil  rnhibtelus, 
{•aoitit!  over  the  Extensor  hailucis  longus  and  the  vessels  and  nerves,  but  enclosing 
the  Tibialis  anterior  by  a  splitting  of  its  fibers-  The  other  limb  extend:*  downward 
anil  medial  ward,  to  be  .attached  to  the  border  of  the  planta  r  u  poneugrefo.  had  passes 
ever  the-  tendon*  of  the  Ester, sor  hulfuds  longus-  and.  Tibialis  anterior  .and  also 
the  '>.-;»..l-  .iiid  livrvfH. 

Lxemiate  Ligament  {tuiavienium  lanuiatum;  iidornni  nnnuhr  iitjnmmt). — The 
taciiviare  ligament  is  a  strong  fibrous  bund,  extending  from  the  tibia!  malleolus 
V'-“\x  u<  < he  margin  of  the  cidcam'uteheiow*.  exm •verting  a  scries  of  bony  grooves 
ul  this  situatkirt  intu  enr&ls  for  the  {Wtwsage  of  the  &£  the  Flexor muscles 

mil  the  posterior  tihial  vessels  and  tibia!  nerve  into  the  suh>  of  the  foot.  It  is 
testiuuoiis  by  Its  upper  border  witbthe  deepl'aseii  of  the  lug,  and  by.  ity  lower 
tenier  with  the  plan  Ur  aponeurosis  and  the  fibers  of  origin  of  the  Abductor 
ytneis  imisde.  Enumerated  from  the  medial  .side,  the  four  caimb -  which  It  forms 
(Paunn’t  the  tendon  of  the-  Tibi liho  posterior;  the  tendon  of  the  Flexor  digiterum 
’  die  posterior  tihial  vessels  ttnd  tihial  nerve;  which  run  through  >t  broad 
-‘•parr  beneath  tire  ligament; ..and  hustiy,  in  a  canal  forcucd  partly  by  the  talus,  the 


tendon  o?  the  Flexor  hallueis  longus 
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The  Macons  Sheaths  of  the  Tendons  Around  the  Ankle. — All  the  tendons  crossing 
the  ankle-joint  are  enclosed  for  part  of  their  length  in  mucous  sheaths  which  have 
an  almost  uniform  length  of  about  8  cm.  each.  On  the  front  of  the  ankle  (Fig.  451) 
the  sheath  for  the  Tibialis  anterior  extends  from  the  upper  margin  of  the  trans¬ 
verse  crural  ligament  to  the  interval  between  the  diverging  limbs  of  the  cruciate 
ligament;  those  for  the  Extensor  digitorum  longus  and  Extensor  hallueis  longus 
reach  upward  to  just  above  the  level  of  the  tips  of  the  malleoli,  the  former  being 
the  higher.  The  sheath  of  the  Extensor  hallueis  longus  is  prolonged  on  to  the  base 
of  the  first  metatarsal  bone,  while  that  of  the  Extensor  digitorum  longus  reaches 
only  to  the  level  of  the  base  of  the  fifth  metatarsal.  On  the  medial  side  of  the  ankle 
(Fig.  452)  the  sheath  for  the  Tibialis  posterior  extends  highest  up — to  about 
4  cm.  above  the  tip  of  the  malleolus — while  below  it  stops  just  short  of  the  tuber¬ 
osity  of  the  navicular.  The  sheath  for  Flexor  hallueis  longus  reaches  up  to  the  level 
of  the  tip  of  the  malleolus,  wrhile  that  for  the  Flexor  digitorum  longus  is  slightly 
higher;  the  former  is  continued  to  the  base  of  the  first  metatarsal,  but  the  latter 
stops  opposite  the  first  cuneiform  bone. 

On  the  lateral  side  of  the  ankle  (Fig.  451)  a  sheath  which  is  single  for  the  greater 
part  of  its  extent  encloses  the  Peronaei  longus  and  brevis.  It  extends  upward 
for  about  4  cm.  above  the  tip  of  the  malleolus  and  downward  and  forward  for 
about  the  same  distance. 

IV.  THE  MUSCLES  AND  FASCIA  OF  THE  FOOT. 

1.  The  Dorsal  Muscle  of  the  Foot. 

The  fascia  on  the  dorsum  of  the  foot  is  a  thin  membranous  layer,  continuous 
above  with  the  transverse  and  cruciate  crural  ligaments;  on  either  side  it  blends 
with  the  plantar  aponeurosis;  anteriorly  it  forms  a  sheath  for  the  tendons  on  the 
dorsum  of  the  foot. 

The  Extensor  digitorum  brevis  (Fig.  451)  is  a  broad,  thin  muscle,  which  arises 
from  the  forepart  of  the  upper  and  lateral  surfaces  of  the  calcaneus,  in  front  of 
the  groove  for  the  Peronaeus  brevis;  from  the  lateral  talocalcanean  ligament; 
and  from  the  common  limb  of  the  cruciate  crural  ligament.  It  passes  obliquely 
across  the  dorsum  of  the  foot,  and  ends  in  four  tendons.  The  most  medial,  which 
is  the  largest,  is  inserted  into  the  dorsal  surface  of  the  base  of  the  first  phalanx  of 
the  great  toe,  crossing  the  dorsalis  pedis  artery;  it  is  frequently  described  as  a 
separate  muscle — the  Extensor  hallueis  brevis.  The  other  three  are  inserted  into 
the  lateral  sides  of  the  tendons  of  the  Extensor  digitorum  longus  of  the  second, 
third,  and  fourth  toes. 

Variations. — Accessory  slips  of  origin  from  the  talus  and  navicular,  or  from  the  external  cunei¬ 
form  and  third  metatarsal  bones  to  the  second  slip  of  the  muscle,  and  one  from  the  cuboid  to  the 
third  slip  have  been  observed.  The  tendons  vary  in  number  and  position;  they  may  l>e  reduced 
to  two,  or  one  of  them  may  be  doubled,  or  an  additional  slip  may  pass  to  the  little  toe.  A  super¬ 
numerary  slip  ending  on  one  of  the  metatarsophalangeal  articulations,  or  joining  a  dorsal  inter¬ 
osseous  muscle  is  not  uncommon.  Deep  slips  between  this  muscle  and  the  Dorsal  interossei  occur. 

Nerves. — It  is  supplied  by  the  deep  peroneal  nerve. 

Actions. — The  Extensor  digitorum  brevis  extends  the  phalanges  of  the  four  toes  into  which 
it  is  inserted,  but  in  the  great  toe  acts  only  on  the  first  phalanx.  The  obliquity  of  its  direction 
counteracts  the  oblique  movement  given  to  the  toes  by  the  long  Extensor,  so  that  when  both 
muscles  act,  the  toes  are  evenly  extended. 

2.  The  Plantar  Muscles  of  the  Foot. 

Plantar  Aponeurosis  (< aponeurosis  plantaris;  plantar  fascia). — The  plantar  apo¬ 
neurosis  is  of  great  strength,  and  consists  of  pearly  white  glistening  fibers,  disposed, 
for  the  most  part,  longitudinally:  it  is  divided  into  central,  lateral,  and  medial 
portions. 
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The  central  portion,  the  thickest,  is  narrow  behind  and  attached  to  the  medial 
process  of  the  tuberosity  of  the  calcaneus,  posterior  to  the  origin  of  the  Flexor 
digitorum  brevis;  and  becoming  broader  and  thinner  in  front,  divides  near  the 
heads  of  the  metatarsal  bones  into  five  processes,  one  for  each  of  the  toes.  Each 
of  these  processes  divides  opposite  the  metatarsophalangeal  articulation  into  two 
strata,  superficial  and  deep.  The  superficial  stratum  is  inserted  into  the  skin  of 
the  transverse  sulcus  which  separates  the  toes  from  the  sole.  The  deeper  stratum 
divides  into  two  slips  which  embrace  the  side  of  the  Flexor  tendons  of  the  toes, 
and  blend  with  the  sheaths  of  the  tendons,  and  with  the  transverse  metatarsal 
ligament,  thus  forming  a  series  of  arches  through  which  the  tendons  of  the  short 
and  long  Flexors  pass  to  the  toes.  The  intervals  left  between  the  five  processes 
allow  the  digital  vessels  and  nerves  and  the  tendons  of  the  Lumbricales  to  become 
superficial.  At  the  point  of  division  of  the  aponeurosis,  numerous  transverse 
fasciculi  are  superadded;  these  serve  to  increase  the  strength  of  the  aponeurosis 
at  this  part  by  binding  the  processes  together,  and  connecting  them  with  the  integu¬ 
ment.  The  central  portion  of  the  plantar  aponeurosis  is  continuous  with  the  lateral 
and  medial  portions  and  sends  upward  into  the  foot,  at  the  lines  of  junction,  two 
strong  vertical  intermuscular  septa,  broader  in  front  than  behind,  which  separate 
the  intermediate  from  the  lateral  and  medial  plantar  groups  of  muscles;  from  these 
again  are  derived  thinner  transverse  septa  which  separate  the  various  layers  of 
muscles  in  this  region.  The  upper  surface  of  this  aponeurosis  gives  origin  behind 
to  the  Flexor  digitorum  brevis. 

The  lateral  and  medial  portions  of  the  plantar  aponeurosis  are  thinner  than 
the  central  piece,  and  cover  the  sides  of  the  sole  of  the  foot. 

The  lateral  portion  covers  the  under  surface  of  the  Abductor  digiti  quinti;  it  is 
thin  in  front  and  thick  behind,  where  it  forms  a  strong  band  between  the  lateral 
process  of  the  tuberosity  of  the  calcaneus  and  the  base  of  the  fifth  metatarsal  bone; 
it  is  continuous  medially  with  the  central  portion  of  the  plantar  aponeurosis,  and 
laterally  with  the  dorsal  fascia. 

The  medial  portion  is  thin,  and  covers  the  under  surface  of  the  Abductor  hallucis; 
it  is  attached  behind  to  the  laciniate  ligament,  and  is  continuous  around  the  side 
of  the  foot  with  the  dorsal  fascia,  and  laterally  with  the  central  portion  of  the  plantar 
aponeurosis. 

The  muscles  in  the  plantar  region  of  the  foot  may  be  divided  into  three  groups, 
in  a  similar  manner  to  those  in  the  hand.  Those  of  the  medial  plantar  region 
are  connected  with  the  great  toe,  and  correspond  with  those  of  the  thumb;  those 
of  the  lateral  plantar  region  are  connected  with  the  little  toe,  and  correspond  with 
those  of  the  little  finger;  and  those  of  the  intermediate  plantar  region  are  connected 
with  the  tendons  intervening  between  the  two  former  groups.  But  in  order  to 
facilitate  the  description  of  these  muscles,  it  is  more  convenient  to  divide  them  into 
four  layers,  in  the  order  in  which  they  are  successively  exposed. 

The  First  Layer  (Fig.  453). 

Abductor  hallucis.  Flexor  digitorum  brevis. 

Abductor  digiti  quinti. 

The  Abductor  hallucis  lies  along  the  medial  border  of  the  foot  and  covers  the 
origins  of  the  plantar  vessels  and  nerves.  It  arises  from  the  medial  process  of  the 
tuberosity  of  the  calcaneus,  from  the  laciniate  ligament,  from  the  plantar  aponeu¬ 
rosis,  and  from  the  intermuscular  septum  between  it  and  the  Flexor  digitorum 
brevis.  The  fibers  end  in  a  tendon,  which  is  inserted ,  together  with  the  medial 
tendon  of  the  Flexor  hallucis  brevis,  into  the  tibial  side  of  the  base  of  the  first 
phalanx  of  the  great  toe. 

Variations. — Slip  to  the  base  of  the  first  phalanx  of  the  second  toe. 
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The  Flexor  digitorum  brevis  lies  in  the  middle  of  the  sole  of  the  foot,  imme¬ 
diately  above  the  central  part  of  the  plantar  aponeurosis,  with  which  it  is  firmly 
united.  Its  deep  surface  is  separated  from  the  lateral  plantar  vessels  and  nerves 
by  a  thin  layer  of  fascia.  It  arises  by  a  narrow  tendon,  from  the  medial  process 
of  the  tuberosity  of  the  calcaneus,  from  the  central  part  of  the  plantar  aponeurosis, 
and  from  the  intermuscular  septa  between  it  and  the  adjacent  muscles.  It  passes 
forward,  and  divides  into  four  tendons,  one  for  each  of  the  four  lesser  toes.  Oppo¬ 
site  the  bases  of  the  first  phalanges,  each  tendon  divides  into  two  slips,  to  allow  of 
the  passage  of  the  corresponding  tendon  of  the  Flexor  digitorum  kmgus;  the  two 
portions  of  the  tendon  then  unite  and  form  a  grooved  channel  for  the  reception 
of  the  accompanying  long  Flexor  tendon.  Finally,  it  divides  a  second  time,  and 

is  inserted  into  the  sides  of  the  second  phalanx 
about  its  middle.  The  mode  of  division  of  the 
tendons  of  the  Flexor  digitorum  brevis,  and  of 
their  insertion  into  the  phalanges,  is  analogous 
to  that  of  the  tendons  of  the  Flexor  digitorum 
sublimis  in  the  hand. 

Variations.  — *£1  ip  to  t  he  little  toe  frequently  wanting, 
23  per  cent.;  or  it  rnay  be  replaced  by  a  small  fusiform 
muscle  arising  from  the  long  flexor  tendon  or  from  the 
Quadra tus  plants. 

Fibrous  Sheaths  of  the  Flexor  Tendons.— The 

terminal  portions  of  the  tendons  of  the  long 
and  short  Flexor  muscles  are  contained  in 
osseoaponeurotic  canals  similar  in  their  ar¬ 
rangement  to  those  in  the  fingers.  These 
canals  are  formed  above  by  the  phalanges 
and  below  by  fibrous  bands,  which  arch  across 
the  tendons,  and  are  attached  on  either  side 
to  the  margins  of  the  phalanges.  Opposite  the 
bodies  of  the  proximal  and  second  phalanges 
the  fibrous  bands  are  strong,  and  the  fibers  are 
transverse;  but  opposite  the  joints  they  are 
much  thinner,  and  the  fibers  are  directed  ob¬ 
liquely  .  Each  canal  contains  a  mucous  sheath, 
which  is  reflected  on  the  contained  tendons. 

The  Abductor  digitiquinti  {Abductor  minimi 
digiti)  lies  along  the  lateral  border  of  the  foot, 
and  is  in  relation  by  its  medial  margin  with 
the  lateral  plant  a  r  vessels  and  nerves.  1 1  arises, 
by  a  broad  origin,  from  the  lateral  process  of 
the  tuberosity  of  the  calcaneus,  from  the  under 
surface  of  the  calcaneus  between  the  two  pro¬ 
cesses  of  the  tuberosity,  from  the  forepart  of 
the  medial  process,  from  the  plantar  aponeu¬ 
rosis,  and  from  the  intermuscular  septum 
between  it  and  the  Flexor  digitorum  brevis.  Its 
tendon,  after  gliding  over  a  smooth  facet  on  the 
under  surface  of  the  base  of  the  fifth  meta¬ 
tarsal  bone,  is  inserted ,  with  the  Flexor  digiti  quinti  brevis,  into  the  fibular  side 
of  the  base  of  the  first  phalanx  of  the  fifth  toe. 

Variations. — Blips  of  origin  front  I  lie  tuberosity  at  the  base  of  the  fifth  metatarsal  AMucktr 
is  rneidtarsi  origin  external  tubercle  of  the  calcaneus,  insertion  into  tuberosity  of  ibe 

fifth  metatarsal  bone  in  common  with  or  beneath  the  outer  margin  of  the  plantar  fascia. 


Fid.  4ft3. — Muscle*  of  me  s>cm*  or  me - 

First  layer. 
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The  Second  Layer  (Fig.  454), 

Quadratus  plantae.  Lumbricales. 

The  Quadratus  planted  ( Flexor  accessorius)  is  separated  from  the  muscles  of 
the  first  layer  by  the  lateral  plantar  vessels  and  nerve.  It  arises  by  two  heads, 
which  are  separated  from  each  other  by  the  long  plantar  ligament:  the  medial 
or  larger  head  is  muscular,  and  is  attached  to  the  medial  concave  surface  of  the 
calcaneus,  below  the  groove  which  lodges  the  tendon  of  the  Flexor  hallucis  longus; 
the  lateral  head,  flat  and  tendinous,  arises  from  the  lateral  border  of  the  inferior 
surface  of  the  calcaneus,  in  front  of  the  lateral  process  of  its  tuberosity,  and  from 
the  long  plantar  ligament.  The  two  portions  join  at  an  acute  angle,  and  end  in  a 
flattened  band  which  is  inserted  into  the  lateral  margin  and  upper  and  under  sur¬ 
faces  of  the  tendon  of  the  Flexor  digitorum  longus,  forming  a  kind  of  groove,  in 
which  the  tendon  is  lodged.  It  usually  sends  slips  to  those  tendons  of  the  Flexor 
digitorum  longus  which  pass  to  the  second,  third,  and  fourth  toes. 

Variations. — Lateral  head  often  wanting;  entire  muscle  absent.  Variation  in  the  number  of 
digital  tendons  to  which  fibers  can  be  traced.  Most  frequent  offsets  are  sent  to  the  second,  third 
and  fourth  toes;  in  many  cases  to  the  fifth  as  well;  occasionally  to  two  toes  only. 

The  Lumbricales  are  four  small  muscles,  accessory  to  the  tendons  of  the  Flexor 
digitorum  longus  and  numbered  from  the  medial  side  of  the  foot;  they  arise  from 
these  tendons,  as  far  back  as  their  angles  of  division,  each  springing  from  two 
tendons,  except  the  first.  The  muscles  end  in  tendons,  which  pass  forward  on 
the  medial  sides  of  the  four  lesser  toes,  and  are  inserted  into  the  expansions  of 
the  tendons  of  the  Extensor  digitorum  longus  on  the  dorsal  surfaces  of  the  first 
phalanges. 

Variations. — Absence  of  one  or  more;  doubling  of  the  third  or  fourth.  Insertion  partly  or  wholly 
into  the  first  phalanges. 

The  Third  Layer  (Fig.  455). 

Flexor  hallucis  brevis.  Adductor  hallucis. 

Flexor  digiti  quinti  brevis.  , 

The  Flexor  hallucis  brevis  arises,  by  a  pointed  tendinous  process,  from  the  medial 
part  of  the  under  surface  of  the  cuboid  bone,  from  the  contiguous  portion  of  the 
third  cuneiform,  and  from  the  prolongation  of  the  tendon  of  the  Tibialis  posterior 
which  is  attached  to  that  bone.  It  divides  in  front  into  two  portions,  which  are 
inserted  into  the  medial  and  lateral  sides  of  the  base  of  the  first  phalanx  of  the 
great  toe,  a  sesamoid  bone  being  present  in  each  tendon  at  its  insertion.  The  medial 
portion  is  blended  with  the  Abdqc(<fr  hallucis  previous  to  its  insertion;  the  lateral 
portion  with  the  Adductor  hallucis;  the  tendon  of  the  Flexor  hallucis  longus  lies 
in  a  groove  between  them;  the  lateral  portion  is  sometimes  described  as  the  first 
interosseous  plantaris. 

Variations. — Origin  subject  to  considerable  variation;  it  often  receives  fibers  from  the  calcaneus 
or  long  plantar  ligament.  Attachment  to  the  cuboid  sometimes  wanting.  Slip  to  first  phalanx 
of  the  second  toe. 

The  Adductor  hallucis  ( Adductor  obliquus  hallucis)  arises  by  two  heads — oblique 
and  transverse.  The  oblique  head  is  a  large,  thick,  fleshy  mass,  crossing  the  foot 
obliquely  and  occupying  the  hollow  space  under  the  first,  second,  third,  and  fourth 
metatarsal  bones.  It  arises  from  the  bases  of  the  second,  third,  and  fourth  meta¬ 
tarsal  bones,  and  from  the  sheath  of  the  tendon  of  the  Peronaeus  longus,  and  is 
inserted ,  together  with  the  lateral  portion  of  the  Flexor  hallucis  brevis,  into  the 
lateral  side  of  the  base  of  the  first  phalanx  of  the  great  toe.  The  transverse  head 
(Transversus  pedis)  is  a  narrow,  flat  fasciculus  which  arises  from  the  plantar  meta- 
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tarsophalangeai  ligaments  of  the  third,  fourth,  and  fifth  toes  (sometimes  only 
from  the  third  and  fourth),  and  from  the  transverse  ligament  of  the  metatarsus. 
It  is  inserted  into  the  lateral  side  of  the  base  of  the  first  phalanx  of  the  great  toe, 
its  fibers  blending  with  the  tendon  of  insertion  of  the  oblique  head. 


Calca  nzu  9 


FiCi  454.  —  Muscle*  of  tho  sole  of  the  foot. 
Second  layer. 


Fir,  455. — vMuaclefj  of  the  sole  of  the  foot. 
Third  layer. 


Variations.-— Slips  to  the  base  of  the  first  phalanx  of  the  second  toe.  Qpponem  hullucU,  wcasiomd 
slips  from  the  adductor  to  the  metatarsal  I  Mine  of  the  great  toe. 

The  Abductor,  Flexor  brevis,  and  Adductor  of  the  great  toe,  like  the  similar 
muscles  of  the  thumb,  give  off,  at  their  insertions,  fibrous  expansions  to  blend 
with  the  tendons  of  the  Extensor  digitorum  longus. 

The  Flexor  digiti  quinti  brevis  ^Flesor  brevis  minimi  digiti)  lies  under  the 
metatarsal  bone  of  the  little  toe,  and  resembles  one  of  the  Interossei.  It  arises 
from  the  base  of  the  fifth  metatarsal  bone,  and  from  the  sheath  of  the  Pe rumens 
longus;  its  tendon  is  inserted  into  the  lateral  side  of  the  base  of  the  first  phalanx 
of  the  fifth  toe.  Occasionally  a  few  of  the  deeper  fibers  are  inserted  into  the 
lateral  part  of  the  distal  half  of  the  fifth  metatarsal  bone;  these  are  described  by 
some  as  a  distinct  muscle,  the  Opponens  digiti  quinti. 


THE  PEAtfTM  MU80&BS  OF  THE  FOOT 


The  Fourth  Layer, 

foterossei, ' 

Tito  Int&rossei  in.  the  foot  tire  similar  to  those  in  .the  hand,  with  this  exception, 
that  they  are  grouped  around  the  .middle  iioe  of  the  second  digit,  instead  of  that 
of  the  third.  They  are  sfctfeir  'In  aunvber,  and  consist  of  two  groups,  dorsal  and 
plantar. 

The  latereessi  dorsales  i Dowd  bttetosstn )  (Fig.  -foOi./owr  in  number,  are  situated 
between  the  mete  tarsal  hones.  They  are  hipenniferm  muscles,  each  arising,  by 
two  heads  front  the  adjacent  sides  of  the  metatarsal  hones  between  which  it  is 
placed:  their  tendons  are  inserted'  into  the  bases  of  the  first  phalanges,  and  .into  the 
4t*meuro*is  of  the  tcfidoris  of  the  Extensor  rfigrtonim  lopgiis.  In  the  angular 
interval  left  .between  the  heads  of  each  of  the  three  lateral  '‘muscles,  one  of  the 
perforating  arteries  passes  to  the  dorsum  of  the  foot  ;  through  the  spate  between 
dm  heads  of  the  hrst  tuysefe  fofe^&epr  planter  artery 

eaters  the  sole  < if  the  foot The  Erst  is  iiw rted  info  the  rucdial  wde  of  the  second 
toe;  the  other  three  ar e  inserted  into  the  lateral  sides  of  the  second,  third,  and 
fourth  toes. 


F«tf.  457. — The.  I tTtfciossci  ft  la*' forth  foot. 

The  laterossei  plantares  (Plitfifer  interossety  (Bijr  :4$r),  number,  lie 


Ir.Wo**rt  do Left  foot. 


rather  than  between  the  metatarsal  bones,  and  each  is  %ntfc 

hilt  one  metatarsal  bone.  They  tiri&  from  the  base^  and  medial  sides  of  the  bodies 
of  the  third,  fourth,  and  jRftb  metatarsal  b\>mst  axi*i  arc  inserted  into  the  medial 
afe  of  the  thirst  phnlangea^l^e  toes*  ami  Into  the  af>ona.tr?>ses 


d  the  tendons  of  the  K>:tertNt;ir  digiioruni  longus, 

tiwvis,  tlie.  Ftef  hailacm  hr«visr  tbe  Ahdtteiiyr.  jhatlueia, 
vvl  the  first aappfied  by  ttiT  medial  pLmCar  nerv*-  alt  the  other  tou$dea  in  the 
of  the  foot  by  -  the  lateral  plantar-, ;. ;  Tlie  doo&li*  .r^way>ed  an 

filament  from  the  ixitdM  br&iti b  o\  the  deep  p^rron^ai  nerve  mi  die  dorsum  of  t  he  foot, 
the  second  f  nieroA3oou£(  dorsafe  a  twig  froci  the  lateral  Branch  of  the  npw, 

Actions. —  tho  muscle*  of  Hi*  Uv* t  a»a  upon  the  te,'  «uvj  may  he  grouped  a$:  abdu-iors, 

Tudors,  flexors,  at  extensors.  The  ahdud^rs  j&rcblie  faieroascs  dors&k^ir.e  AfodnctorbfUlucJB, 
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and  the  Abductor  digiti  quinti.  The  Interossei  dorsales  are  abductors  from  an  imaginary  line 
passing  through  the  axis  of  the  second  toe,  so  that  the  first  muscle  draws  the  second  toe  medial- 
ward,  toward  the  great  toe,  the  second  muscle  draws  the  same  toe  lateral  ward,  and  the  third 
and  fourth  draw  the  third  and  fourth  toes  in  the  same  direction.  Like  the  Interossei  in  the  hand, 
each  assists  in  flexing  the  first  phalanx  and  extending  the  second  and  third  phalanges.  The 
Abductor  hallucis  abducts  the  great  toe  from  the  second,  and  also  flexes  its  proximal  phalanx. 
In  the  same  way  the  action  of  the  Abductor  digiti  quinti  is  twofold,  as  an  abductor  of  this  toe 
from  the  fourth,  and  also  as  a  flexor  of  its  proximal  phalanx.  The  adductors  are  the  Interossei 
plantares  and  the  Adductor  hallucis.  The  Interossei  plantares  adduct  the  third,  fourth,  and 
fifth  toes  toward  the  imaginary  line  passing  through  the  second  toe,  and  by  means  of  their  inser¬ 
tions  into  the  aponeuroses  of  the  Extensor  tendons  they  assist  in  flexing  the  proximal  phalanges 
and  extending  the  middle  and  terminal  phalanges.  The  oblique  head  of  the  Adductor  hallucis 
is  chiefly  concerned  in  adducting  the  great  toe  toward  the  second  one,  but  also  assists  in  flexing 
this  toe;  the  transverse  head  approximates  all  the  toes  and  thus  increases  the  curve  of  the  trans¬ 
verse  arch  of  the  metatarsus.  The  flexors  are  the  Flexor  digitorum  brevis,  the  Quadratus  plants, 
the  Flexor  hallucis  brevis,  the  Flexor  digiti  quinti  brevis,  and  the  Lumbricales.  The  Flexor 
digitorum  brevis  flexes  the  second  phalanges  upon  the  first,  and,  continuing  its  action,  flexes  the 
first  phalanges  also,  and  brings  the  toes  together.  The  Quadratus  plantm  assists  the  Flexor  digi- 
torum  longus  and  converts  the  oblique  pull  of  the  tendons  of  that  muscle  into  a  direct  backward 
pull  upon  the  toes.  The  Flexor  digiti  quinti  brevis  flexes  the  little  toe  and  draws  its  metatarsal 
bone  downward  and  medial  ward.  The  Lumbricales,  like  the  corresponding  muscles  in  the  hand, 
assist  in  flexing  the  proximal  phalanges,  and  by  their  insertions  into  the  tendons  of  the  Extensor 
digitorum  longus  aid  that  muscle  in  straightening  the  middle  and  terminal  phalanges.  The 
Extensor  digitorum  brevis  extends  the  first  phalanx  of  the  great  toe  and  assists  the  long  Extensor 
in  extending  the  next  three  toes,  and  at  the  same  time  gives  to  the  toes  a  lateral  direction  when 
they  are  extended. 
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THE  vascular  system  is  divided  for  descriptive  purposes  into  (a)  the  blood 
vascular  system,  which  comprises  the  heart  and  bloodvessels  for  the  circula¬ 
tion  of  the  blood;  and  (6)  the  lymph  vascular  system,  consisting  of  lymph  glands 
and  lymphatic  vessels,  through  which  a  colorless  fluid,  the  lymph,  circulates.  It 
must  be  noted,  however,  that  the  two  systems  communicate  with  each  other  and 
are  intimately  associated  developmentally. 

The  heart  is  the  central  organ  of  the  blood  vascular  system,  and  consists  of  a 
hollow  muscle;  by  its  contraction  the  blood  is  pumped  to  all  parts  of  the  body 
through  a  complicated  series  of  tubes,  termed  arteries.  The  arteries  undergo 
enormous  ramification  in  their  course  throughout  the  body,  and  end  in  minute 
vessels,  called  arterioles,  which  in  their  turn  open  into  a  close-meshed  network 
of  microscopic  vessels,  termed  capillaries.  After  the  blood  has  passed  through  the 
capillaries  it  is  collected  into  a  series  of  larger  vessels,  called  veins,  by  which  it  is 
returned  to  the  heart.  The  passage  of  the  blood  through  the  heart  and  blood¬ 
vessels  constitutes  what  is  termed  the  circulation  of  the  blood,  of  which  the  following 
is  an  outline. 

The  human  heart  is  divided  by  septa  into  right  and  left  halves,  and  each  half 
is  further  divided  into  two  cavities,  an  upper  termed  the  atrium  and  a  lower  the 
ventricle.  The  heart  therefore  consists  of  four  chambers,  two,  the  right  atrium 
and  right  ventricle,  forming  the  right  half,  and  two,  the  left  atrium  and  left  ventricle 
the  left  half.  The  right  half  of  the  heart  contains  venous  or  impure  blood ;  the  left, 
arterial  or  pure  blood.  The  atria  are  receiving  chambers,  and  the  ventricles  dis¬ 
tributing  ones.  From  the  cavity  of  the  left  ventricle  the  pure  blood  is  carried  into 
a  large  artery,  the  aorta,  through  the  numerous  branches  of  which  it  is  distributed 
to  all  parts  of  the  body,  with  the  exception  of  the  lungs.  In  its  passage  through 
the  capillaries  of  the  body  the  blood  gives  up  to  the  tissues  the  materials  necessary 
for  their  growth  and  nourishment,  and  at  the  same  time  receives  from  the  tissues 
the  waste  products  resulting  from  their  metabolism.  In  doing  so  it  is  changed 
from  arterial  into  venous  blood,  which  is  collected  by  the  veins  and  through  them 
returned  to  the  right  atrium  of  the  heart.  From  this  cavity  the  impure  blood 
passes  into  the  right  ventricle,  and  is  thence  conveyed  through  the  pulmonary 
arteries  to  the  lungs.  In  the  capillaries  of  the  lungs  it  again  becomes  arterialized, 
and  is  then  carried  to  the  left  atrium  by  the  pulmonary  veins.  From  the  left  atrium 
it  passes  into  the  left  ventricle,  from  which  the  cycle  once  more  begins. 

The  course  of  the  blood  from  the  left  ventricle  through  the  body  generally  to 
the  right  side  of  the  heart  constitutes  the  greater  or  systemic  circulation,  while  its 
passage  from  the  right  ventricle  through  the  lungs  to  the  left  side  of  the  heart  is 
termed  the  lesser  or  pulmonary  circulation. 

It  is  necessary,  however,  to  state  that  the  blood  which  circulates  through  the 
spleen,  pancreas,  stomach,  small  intestine,  and  the  greater  part  of  the  large  intes¬ 
tine  is  not  returned  directly  from  these  organs  to  the  heart,  but  is  conveyed  by  the 
portal  vein  to  the  liver.  In  the  liver  this  vein  divides,  like  an  artery,  and  ultimately 
ends  in  capillary-like  vessels  (sinusoids),  from  which  the  rootlets  of  a  series  of  veins, 
called  the  hepatic  veins,  arise;  these  carry  the  blood  into  the  inferior  vena  cava, 
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whence  it  is  conveyed  to  the  right  atrium.  From  this  it  will  be  seen  that  the 
blood  contained  in  the  portal  vein  passes  through  two  sets  of  vessels:  (1)  the 
capillaries  in  the  spleen,  pancreas,  stomach,  etc.,  and  (2)  the  sinusoids  in  the  liver. 
The  blood  in  the  portal  vein  carries  certain  of  the  products  of  digestion:  the  carbo¬ 
hydrates,  which  are^nostly  taken  up  by  the  liver  cells  and  stored  as  glycogen,  and 
the  protein  products  which  remain  in  solution  and  are  carried  into  the  general 
circulation  to  the  various  tissues  and  organs  of  the  body. 

Speaking  generally,  the  arteries  may  be  said  to  contain  pure  and  the  veins 
impure  blood.  This  is  true  of  the  systemic,  but  not  of  the  pulmonary  vessels, 
since  it  has  been  seen  that  the  impure  blood  is  conveyed  from  the  heart  to  the  lungs 
by  the  pulmonary  arteries,  and  the  pure  blood  returned  from  the  lungs  to  the  heart 
by  the  pulmonary  veins.  Arteries,  therefore,  must  be  defined  as  vessels  which 
convey  blood  from  the  heart,  and  veins  as  vessels  which  return  blood  to  the  heart. 

DEVELOPMENT  OF  THE  VASCULAR  SYSTEM. 

Bloodvessels  first  make  their  appearance  in  several  scattered  vascular  areas 
which  are  developed  simultaneously  between  the  entoderm  and  the  mesoderm  of 
the  yolk-sac,  t.  e,}  outside  the  body  of  the  embryo.  Here  a  new  type  of  cell,  the 
angioblast  or  vasoformative  cell,  is  differentiated  from  the  mesoderm.  These  cells 
as  they  divide  form  small,  dense  masses  which  soon  join  with  similar  masses  by 
means  of  fine  processes  to  form  plexuses.  These  plexuses  increase  both  by  division 
and  growth  of  its  cells  and  by  the  addition  of  new  angioblasts  which  differentiate 
from  the  mesoderm.  Within  these  solid  plexuses  and  also  within  the  isolated 
masses  of  angioblasts  plasma  collects  and  the  lumen  develops.  The  flattened  cells 
at  the  periphery  form  the  endothelium.  The  nucleated  red  blood  corpuscles  develop 
either  from  small  masses  of  the  original  angioblast  left  attached  to  the  inner  wall 
of  the  lumen  or  directly  from  the  flat  endothelial  cells.  In  either  case  the  mass  thus 
formed  projects  from  and  is  attached  to  the  wall  of  the  vessel.  Such  a  mass  is 
known  as  a  blood  island  and  hemoglobin  gradually  accumulates  within  it.  Later 
the  cells  on  the  surface  round  up,  giving  the  mass  a  mulberry-like  appearance. 
Then  the  red  blood  cells  break  loose  and  are  carried  away  in  the  plasma.  Such 
free  blood  cells  continue  to  divide.  The  term  blood  island  was  originally  used  for 
the  masses  of  angioblasts  found  in  the  area  vasculosa,  but  it  is  probably  best  to 
limit  the  term  to  the  masses  within  the  lumen  from  which  the  red  blood  cells  arise 
as  Sabin1  has  done.  Blood  islands  have  been  seen  in  the  area  vasculosa  in  the 
omphalomesenteric  vein  and  arteries,  and  in  the  dorsal  aorta. 

The  differentiation  of  angioblasts  from  the  mesoderm  occurs  not  only  in  the  area 
vasculosa  but  within  the  embryo  in  many  regions.  This  process  of  the  differentia¬ 
tion  of  angioblasts  from  the  mesoderm  ceases  in  different  regions  of  the  embryo  at 
different  periods  and  after  its  cessation  new  vessels  are  formed  by  sprouts  from 
vessels  already  laid  dowm  in  the  form  of  capillary  plexuses. 

The  first  rudiment  of  the  heart  appears  as  a  pair  of  tubular  vessels  which  are 
developed  in  the  splanchnopleure  of  the  pericardial  area  (Fig.  458).  These  are 
named  the  primitive  aorta,  and  a  direct  continuity  is  soon  established  between  them 
and  the  vessels  of  the  yolk-sac.  Each  receives  anteriorly  a  vein — the  vitelline  vein 
— from  the  yolk-sac,  and  is  prolonged  backward  on  the  lateral  aspect  of  the  noto¬ 
chord  under  the  name  of  the  dorsal  aorta.  The  dorsal  aortae  give  branches  to  the 
yolk-sac,  and  are  continued  backward  through  the  body-stalk  as  the  umbilical 
arteries  to  the  villi  of  the  chorion. 

Eternod2  describes  the  circulation  in  an  embryo  which  he  estimated  to  be  about 
thirteen  days  old  (Fig.  459).  The  rudiment  of  the  heart  is  situated  immediately 
below  the  fore-gut  and  consists  of  a  short  stem.  It  gives  off  two  vessels,  the  primi- 
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tive  aortic,  which  ran  backward,  one  ou  either  side  >;.*?  the  notochord,  and  then  pass 
into  t te  Uxiy-stalk  along  which  they  are  carried  to  timchorioia  l1  rum  the eborioni^ 
vifli  the  blood  is  returned  by  a  pair  of  Bmhillc&i  veins  which  unite  in  the  tody-stalk 
to  forru  a  single  vessel  and  subsequently  encircle  the  mouth  of  the  yoik^e  and 
tipeh  into  the  heart.  At  the  junction  of  the.  yolk-sac  anti  body --stalk 'eadi  vein 
•i$,  JouUHi  by  a. •.branch  .from -  .the  vascular  plexus  of  the  yolk-sac.  From  his 
i.4cwe.n  ations  it  seems  that,  hi 

the  human  embryo,  the  cbnrb  ii.  j\  - 

$mc  eirc’drition  is  established  ;Vr 

bfeforc  that  on  the  ydfc^ac\\/  ./}  *  • ;  ~ 

By  the  .  fQrwapd;/  grcwth ;  and 
fev'urvoi  the  bead  the fx"rk*ardial  A  . 

.tirt&'znd  the  inferior  portions  +-t  *[• 

of  i he  primitive  aortae  are  iolded  \\  J t 

fenekwiiril  on  •  .the  ..ventral  aspect  \v  Kl  *.  •  V%<; 

and  the  if  -V^aWr  |g&V 

rvUtkm  of  the  somatopleure  and  „  /,  -  -  -AyjiS^^ 

spknelmopleure  layers  of  the  :  ■ * . ': '? 

pericardial  area  is  reversed.  ; 

Each  primitive  aorta,  now  con-  „  •  ^  '  7  .  »  , 

&stv  evf  a  ventral  and  a  dorsal  »  mm  <u««  dayj.  x  »a  (KpUiker,)  ni  Muter 

...  o. /  / .  *  >  ..  .  i  i  Vfcii/t.  a/>.  AortiN  pA.  Phari  o*.  .Somrttoptmine.  W.  I'niataufokj.- 

|$k*  connected  snteriony  ny  an  «*J.  liCfc^erin.  *nf.  •  EhtcHlr-r/n.  p  Pericardium.  s/ri.  HnlnnoHuo- 

Art  li;  these  three,  partasre-onmerf,-  &J^LZ%$bS$:: iL  lmi,“  of  Un-  £ 

rtsiavrively  die  anterior  ventral 

abtek  the  dorsal  aorta,  and  the  first  aortic  arch.  The  vitelline  veins  which  enter 
theemhryo  through  the  Anterior  wail’ -of  tine  umbilical  orifice  are  now  continuous 
a  bit  the  posterior  ends  ol  the  anterior  ventral  aorta.  With  the  formation  of 
tlie  tail-fold  the  posterior  parts  of  the  primitive  sortte  are  carried  forward  in  a 
ventral  direction  to  form  the  posterior  ventral  aorta:  and  primary  ■  caudal  arches/ 
fe  tfe  pericardial  regioti  the  two  primitive  aortse  grow  together,  and  fuse  to  form 
a  siijgfc  iubut&r  heart,  the  posterior  end  of  which  receives: rite  t  wo  vitelline/feins, 
rink  from  if«  anterior  end  the  two  anterior  ventral  aorta?  emerge.-  The  first 
cephalic  arches,  pass  through  the  mandibular  arches,  and  behind  them  five  additional 
pairs  subscrpiciitly  develop,  «o  that  hHogefher  six  pairs  of  aortic  archies  arc  formed; 
ttin  fifth  arches  are  very  transitory  vessels  connecting  the  ventral  aortic  with  the 
dot >id  etuis'  of  the  sixth  arches.  By  the  rhythmical  contraction  of  the  tubular 
lieart  the  blood  is  forced  through  the  aortre  and  bloodvessels  of  the  vaHcnfar  area, 
man  which  it  is  returned  to  the  heart  By  the'. vitelline  veins.  This  constitutes 
flu.  nteUice  ekculafiohi  and  by  meaos.  of  if.  nutriment  is  absorbed  from  the  yolk. 

The  v'ltdKng  ’veins  at  first  -open,  separately  into  t!».  posterior  end  of  rite  tubular 
kart,  but  after  a  time  their  terminal  .portihtesTttsc  to  form  a  single  vessel.  The 
vitelline  reins  Hlfcitiiately  drain  the  bbted  from  the  digestive  tube,  and  arc 'modified 
f>>  ionu  the  portal  vein.  ;Tlua  k  .caused  by  the growth  of  the  liveri  which  interrupts 
their.diTeci  rite  blond  returned  by  them  circulates 
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by  means  of  it  nutritive  materials  are  absorbed  from,  and  waste  products  given  up 
to  the  maternal  blood 
The  umbilical 


like  the  vitelline,  undergo  interruption  in  the  developing 
liver,  and  the  blood  returned  by  them  passes  through  this  organ  before  reaching 

the  heart.  Ultimately  the  right 
umbilical  vein  shrivels  up  and 
disappears. 

During  the  occurrence  of  these 
changes  great  alterations  take 
place  in  the  primitive  heart  and 
bloodvessels. 

Further  Development  of  the 
Heart. — Between  the  endothelial 
lining  and  the  outer  wall  of  the 
heart  there  exists  for  a  time  an 
intricate  trabecular  network  of 
mesodermal  tissue  from  which, 
at  a  later  stage,  the  museuli 
papillares,  chorda*  tendinea\  and 
trabecula?  carneie  are  developed. 
The  simple  tubular  heart,  already 
described,  becomes  elongated 
and  bent  on  itself  so  as  to  form 
an  S-shaped  loop,  the  anterior 
part  bending  to  the  right  and 
the  posterior  part  to  the  left. 
The  intermediate  portion  arches 
transversely  from  left  to  right, 
and  then  turns  sharply  forward 
into  the  anterior  part  of  the  loop. 
Slight  constrictions  make  their 
appearance  in  the  tube  and  divide 
it  from  behind  forward  into  five 
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FroV  loV».— Diagram  of  the  vascular  channels  ia  a  human  embryo 
of  the  second  week  (After  Eternod.j  The  red  lines  are  the  dorsal 
aorta*  continued  into  the  umbilical  arteries.  The  red  dotted  lines 
are  the  ventral  aorUe.  and  the  blue  dotted  Lines  the  vitelline  veins. 
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Fig.  460. — Diagram  to  illustrate  the  simple  tubular 
condition  of  the  heart.  (Drawn  from  Koker-Ziegler 
mode!) 


Fio.  461. — Heart  of  human  embi 
days.  (From  model 


o  of  about  fourteen 
>y  His.) 


parts,  viz.:  (1)  the  sinus  venosus;  (2)  the  primitive  atrium;  (3)  the  primitive  ven¬ 
tricle;  (4)  the  bulbus  cordis,  and  (5)  the  truncus  arteriosus  (Figs,  460,  461),  The 
constriction  between  the  atrium  and  ventricle  constitutes  the  atrial  canal,  and  indi¬ 
cates  the  site  of  the  future  atrioventricular  valves. 


development  op  the  vascular  svstjem 


The  siBtis  venosus  u  at  first.  aWusled  in  the  septum  transversum  (a  layer  of 
mesoderm  in  which  the  live*  and  the  .central  tendon  of  the  diaphragm  are  devel¬ 
oped)  behind  the  primitive  -atrium,  and  is  formed  by  the  union  of  the  vitelline 
veins.  The  veins  or  ducts  of  Cuvier  front  the  body  of  the  embryo  autl  the  umbilical 
veins  from  the  placenta  subsequently  open  into  it  (Fig.  462).  The  sinus  is  at  first 
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pU«^  traiisversely^  ami  opens  by  a  median  aperture  into  the  primitive  atrium. 
N>v»h,  however,  it  assumes  an  oblique  position,  and  becomes  crescentic  in  form;  its 
tigfcir  half  or  horn  increases  more  rapidly  than  the  left,  anil  the  opening  into  the 


C- .//•>.  t  .nf  of 
.  Curfbr. 


a  iffy 

otttjrpf. 


•je/r  &a  ■, 


Fin.  t(^v— tfut iter/  o i  haarlt/f  itumuo  embryo  of  tbirtj  -6v*  day*.  <l  ’roi»  modef  by  HU* ) 

atriiim  now  cojnmunictites  with  the  right  portion  of  the  atrial  cavity,.  The  right 
horn  end  transverse  portion  of  the  sinus,  ultimately  become  incorporated  with  and 
form  a  port  of  the  adult  right  atrium,  the  line  of  union  between  it  and  the  auricula 
being  indicated  in  the  interior  of  the  atriuto  by  a  vertical  tavst,  the  crista  tertmn&Us 


504  ANGIOLOGY 

of  His.  The  left  dsoni,  wfaieh  ultimately  receives  only  the  left  dut-t  of  Cuvier, 
persists  as  the  eorouary  s‘mub  \F>K-  403).  The  ntejiioe  and  umbilical  veins  are  souii 
replamlby  a  single  tessd,  the  inferior  vsna  cava,  anil the ' tbfiiife vvrta 
dtfva  and  right  ami  left.  Cuvieriftn  duets)  opfeti  ittfo  the  dorsal  s|;Sh|&  atriufli 


XejriU/n  ^pUfMirtt 

Opening  ;qjf  A^ijib&US- ' 


firm’d  fit:  j; 

7§8|pK 

t&pfi&i  1  uitif/ul  * 

Atfiui 


Fiw  46*v— Ic tenor  pi  iloraai  h*U  <ri  heart  (fdai  &  \uimnn  emWyo  of  klujvit  Jfjfitfy  ittej'*. 


i  ^foai  &$&€*  tt.v  rrts.) 

jty  a  common  sht-lik*  aperture  (1%.  4(U).  The  upper  part  of  this  aperture  rzpiv^ 
sents  the  opening  of  ehe-permaneot  superior  ycttavc&va«  the  lower  that  of  the  inferior 
vena  cava,  ami  the  intermediate  part  the  orifice  of  the  coronary  sinus.  The  slit- 
like  aperture  lies  oWiquely,  ami  guarded  by  two  halves,  the  right  and  left  venom. 


Ijjptyy  *  Ts&tbj; 


Mfinirium 

Atf-Hif  rmitil 


rto.  4G«*>, —  Cfcari -.ftxptiiiaioa  of  the  atrin.  (Dr»wu  iffofn  ixiki*£-j£<Bi)ti*r  m odd; 


▼alves;  above  tin-  opening  th«je  unite'  witli  each  other  and  are  continuous  with  a 
h'i‘1  nanit'd  tli--  septum  spurium;  below  the  opening  they  fuse  to  form  a  triangular 
tlii'  ketiitig  —tlie  spina  vestijbuli.  The  right  venous  valve  v*  retained;  a  small 
septum,  the  sinus  septum,  graft  s  from  the  posterior  wail  of  the  sfrina  vtwosus  to  fuse 
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with  the  valve  and  divide  it  into  two  parts — an  upper,  the  valve  of  the  inferior 
vena  cava,  and  a  lower,  the  valve  of  the  coronary  sinus  (Fig.  467),  The  extreme 
upper  portion  of  the  right  venous  valve,  together  with  the  septum  spurium,  form 
the  crista  terminalis  already  mentioned.  The  upper  and  middle  thirds  of  the  left 
venous  valve  disappear;  the  lower  third  is  Continued  into  the  spina  vestibuli, 
and  later  fuses  with  the  septum  secundum  of  the  atria  and  takes  part  in  the  forma¬ 
tion  of  the  limbus  fossa?  ovalis. 

The  atrial  canal  is  at  first  a  short  straight  tube  connecting  the  atrial  with  the 
ventricular  portion  of  the  heart,  but  its  growth  is  relatively  slow,  and  it  becomes 
overlapped  by  the  atria  and  ventricles  so  that  its  position  on  the  surface  of  the  heart 
is  indicated  only  by  an  annular  constriction  (Fig.  465).  Its  lumen  is  reduced  to  a 
transverse  slit,  and  two  thickenings  appear,  one  on  its  dorsal  and  another  on  its 
ventral  wall.  These  thickenings,  or  endocardial  cushions  (Fig.  464)  as  they  are 
termed,  project  into  the  canal,  and,  meeting  in  the  middle  line,  unite  to  form  the 
septum  intermedium  which  divides  the  canal  into  two  channels,  the  future  right  and 
left  atrioventricular  orifices. 

Septum  vtcuvslnr/ii 
Ojwng  '>/  wrvrbary  j 

Septum  /  j 


Left  atrioventricular 
ripening 

Sv  p!  a  m,  i ntermed  iu  m 


Right  p efbonu*  / 

Right  i&ftW'rntr'Gnlur . 

vpaO<-%  |i 


Septum  in fetius 

Interior  of  dorsal  half  of  heart  of  human  embryo  of  about  thirty-five 


(From  model  by  His.) 


The  primitive  atrium  grows  rapidly  and  partially  encircles  the  bulhus  cordis; 
the  groove  against  which  the  bulhus  cordis  lies  is  the  first  indication  of  a  division 
into  right  and  left  atria.  The  cavity  of  the  primitive  atrium  becomes  subdivided 
into  right  and  left  chambers  by  a  septum,  the  septum  priraum  (Fig.  464),  which 
grows  downward  into  the  cavity.  For  a  time  the  atria  communicate  with  each 
other  by  an  opening,  the  ostium  primum  of  Bom,  below  the  free  margin  of  the  septum. 
This  opening  is  closed  by  the  union  of  the  septum  primum  with  the  septum  inter¬ 
medium,  and  the  communication  between  the  atria  is  reestablished  through  an 
opening  which  is  dev  eloped  in  the  upper  part  of  the  septum  primum;  this  opening 
is  known  as  the  foramen  ovale  {odium  secundum  of  Born)  and  persists  until  birth. 
A  second  septum,  the  septum  secundum  (Figs.  466,  467),  semilunar  in  shape,  grows 
downward  from  the  upper  wall  of  the  atrium  immediately  to  the  right  of  the 
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primary  septum  and  foramen  ovule.  Shortly  after  birth  it  fuses  with  the  primary 
septum,  turf  by  this  means  the  foramen  ovale  is  closed,  hut  sometimes  the  fusion 
is  irieompiete  aid  the  upper  part  of  the  foramen  remains  patent.  The  tirobub  fos.srt? 
ovalis  denoted  the  free  margin  of  the  septum  strontium.  Issuing  from  each  lung 
is  a  parir  of  pulmonary  veins ;  each  pair  unites  to  form  a  single  vessel,  and  these  in 
turn  join  in  a  common  trunk  which  oj>ens  into  the  left  atriuni.  Subsequently 
the  common  trunk  and  the  two  vessels  forming  it  expand  and  form  the  vestibule 
or  greater  part  of  the  atrium,  the  expansion  readiing  as  far  as  the  openings  of  the 
four  vessels,  so  that  in  the  adult  all  four  veins  open  separately  into  the  left  atrium. 

The  primitive  ventricle  becomes  divided  by  a  septum,  the  septum  inferioa  or 
▼ohtricul&r  septum  (Figs hid,  -165,  466),  which  grows  Upward  from  the  lower  part 
of  the  ventricle,  it>  position  being  tudu-tued  on  the  surface  of  the  heart  by  a  furrow. 
Its  dorsal  part  increases  more  rapidly  than  ite-vehtml  portion,  and  fuses  with  the 
dorsal  part  of  the  septum,  i nierraediuitb  For  a  time  ao  in terven  tricolor  foramen 
exists  alntveks  ventral  portion  (Tig,  •467),  but  this  foramen  is  ultimately  dosed  by 
the.  fusion  of  liic  aortic  septum  with  the  ventricular  septum. 


P}yra  /tL^  t.miL ; 
Prdbf:  tuJtf  H 

ifrpUUK 


Ft.-;.  l»-T. — Same  h«#n  *»  tie  ItfoVopeiunl 


"isbfjpbfrm 
■ .  X*]‘.*uw  ■ 


rttodnl  ffiw.'ir.  • 


When, heart  $ssuq$$.  its  ri-shaped  form  the  buibus  cordis  lies  ventral  to  and 
in  front  of  the  primitive  ventricle.  The  adjacent  walls,  of  the  bulb  us  cordis  and 
ventricle  approximate,  fuse,  and  finally  di^a{^jyar>,  ^t^i  thc  bulfous  cordis  now 
cuminuiiicafcs'  freely  with  tl«>  right  ventricle,  while  the  junction  of  the.  bulbus  with 
tin,'  irnncux  itrterio-us  is  brought  directly  ventral  to  and  applied  to  the  atrial  canal. 
By jth<* '  upgrowth  of  the  ventricular  septum  the  mdbus  cordis  is  in  great  measure 
separated  from  t  lie  left,  ventricle,  but  remains  an  integral  part  of  the-  right  ventricle, 
of  which  it  forms  the  infundibulum  (Fig.  4<V8). 

The  truncus  arteriosus  and  tmlbus  cordis  are  divided  by  the  aortic  septum  (Fig. 
Tins  makes  its  appearance  In  three  portions,  (i)  Ttvo  distal  ridged-like 


thickening*  project  into  tlic  lumen  of  the  tube;  these  increase  in  size,  and  ultimately 
meet  And  fuse  to  form  a  septum,  which  takes  a- spiral  course  toward  the  proximal 
end  of  the  truncus  arteriosus.  It  divides  the  distal  part  of  the  Uuncus  into  two 
vessels,  tin?  aorta  and  pulmonary  artery,  which  lie  side  by  side  above,  but  near 
the  heart  the  pulmonary  artery  is  in  front  of  the  aorta.  (2)  Four  endocardial 
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«i»hiGte  appear  in  the  proximal  part  of  the  truncux  arteriosus  hi  the  region  of  the 
fiirureiemiluiiflr  valves;  the  manner  in  which  these  are  related  to  the  aortic  septum 


’i-v  *:V-  -  tttritiMii*  I-*  iiluunt*.-  lb»  transformation  of  tins  iMilbua  oor.lia.  (Keith.) 
•*t:  '>  Right  w.iattTUsl^-  LV.  Left  veptqaie.  F. 

ft  iicstjiheii  i»elpp 


Ao  Tniuqut i  &ri#r\attxxM. 
Pulmonary  wifity.  ‘ , 


pB  Two  endocardial  thickenings— -anterior  and.  posterior — 
-iop  in  the  bttlhu*  cordis  and  unite  to  form  a  short  septum ;  tins  joins  alwve  with 
i?  r  .i‘*ruo  wpnirii  and  below  with  tiie  ventricular  septum.  The  septum  grows  down 


Aortic*  *ep(d.m  £ 
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-  ilia..-.  .  r  I  \ 


fU'tjjn  iijifrt are 


■  J>Jt  v4v*v 

■  ^ninculfit 
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ventric.ui~i 

.^orifice. 


Mfilru'l  I  •  ••  • ;  ■- 

bZ&l-'ity  •' -V* '  )r<?n1r*.c(e 

V:u  jpM — Dugr-unis  Jc**Jkov  tiip  ilevt-U-pm^u  ,>f  (jbjt)  Aopi  tw/  of  /h^  aortic  hulh  and  iff,  life  venUmle*.  (Born  » 

die  ventricle  as  an  oblique  partition,  which  Ultimate  ly  blends  with  the  vn 
medar  septum  in.  such  a  way  as  to  bring  the  bulbils  cordis  into  commuuicatii 


TjeJt 

jHMtrick 


Vith.flie  pulmonary  artery,  and  through  the  latter  with  tSie sixth  pair  of  aofttfc 


W»**iwy  arfetff  , -  -  .  '  -  --  •  ’  artery  ’ .  fWwoaiwy  iwfery 

'tfc  ^:^ff^#****f** ioh*  ibroufh  the  aortic  bull!  to  tfr^rrUvof  the  notin'  noptton.  T-ha. )owi*t 

•**»■ i*  oh  flu?  Wi.  th*  fciRkesrj.  on  the  ri<$hf  <>i  tltr-  tarn.  lAiirr  Jits  : 

.while  the  lett  ventricle  is  brought  into  continuity  with  the  aorta,  which 
'vaorniinicates  with  the  remaining  aortic  arches. 
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The  Valves  of  the  Heart. — The  atrioventricular  valves  are  developed  in  relation  to 
the  atrial  canal.  By  the  upward  expansion  of  the  bases  of  the  ventricles  the  canal 
becomes  invaginated  into  the  ventricular  cavities.  The  invaginated  margin  forms 
the  rudiments  of  the  lateral  cusps  of  the  atrioventricular  valves;  the  mesial  or 
septal  cusps  of  the  valves  are  developed  as  downward  prolongations  of  the  septum 
intermedium  (Fig.  460).  The  aortic  and  pulmonary  semilunar  valves  are  formed 
from  four  endocardial  thickenings — an  anterior,  a  posterior,  and  two  lateral — 
which  appear  at  the  proximal  end  of  the  truncus  arteriosus.  As  the  aortic  septum 
grows  downward  it  divides  each  of  the  lateral  thickenings  into  two,  thus  giving 
rise  to  six  thickenings — the  rudiments  of  the  semilunar  valves — three  at  the  aortic- 
arid  three  at  the  pulmonary  orifice  (Fig.  470). 


Fro.  471. — Scheme  of  the  aortic  arches  and  their  destination.  (Modified  from  Knllmann  ) 


Further  Development  of  the  Arteries.— Recent  observations  show'  that  practi¬ 
cally  none  of  the  main  vessels  of  the  adult  arise  as  such  in  the  embryo.  In  the  site 
of  each  vessel  a  capillary  network  forms,  and  by  the  enlargement  of  definite  paths 
in  this  the  larger  arteries  and  veins  are  developed.  The  branches  of  the  main 
arteries  are  not  always  simple  modifications  of  the  vessels  of  the  capillary  network, 
but  may  arise  as  newr  outgrowths  from  the  enlarged  stem. 

It  has  been  seen  (page  506)  that  each  primitive  aorta  consists  of  a  ventral  and 
a  dorsal  part  which  are  continuous  through  the  first  aortic  arch.  The  dorsal  aorta? 
at  first  rim  backward  separately  on  either  side  of  the  notochord,  but  about  the 
fourth  week  the  caudal  portions  fuse  to  form  a  single  trunk,  the  descending  aorta. 
The  first  aortic  arches  run  through  the  mandibular  arches,  and  behind  them  four 
additional  pairs  are  developed  within  the  visceral  arches;  so  that,  in  all,  five  pairs 
of  aortic  arches  are  formed  (Fig.  471).  The  existence  of  the  aortic  arches  is  the 
result  of  the  interposition  of  the  pharynx  with  its  pouches,  in  the  path  of  the  blood 
stream  from  the  heart  to  the  dorsal  aorta*.  Since  the  arterial  end  of  the  heart  at 
first  lies  below  the  cranial  end  of  the  pharynx  and  later  shifts  backward  relative 
to  it,  the  aortic  arches  develop  in  regular  order  from  before  backward.  As  the 
more  caudal  ones  are  completed,  the  first  and  then  the  second  undergo  involution. 
The  first  arch  is  strongly  developed  and  the  only  one  present  in  the  o-mm.  embryo 
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shown  in  Figs,  472  and  473,  By  the  time  the  embryo  is  4-tnra.  in  length  the  first 
arch  has  about  disappeared,  the  second  arch  has  formed,  reached  its  greatest  extent 


Fio.  472  Fio.  473 

_  Fta«  172  n&ii  473 — Ventral  and  lateral  views  of  the  cranial  portion  of  flu*  arterial  nyMem  of  n  3  mru.  human  embryo 
The  jtirtic  nrcli  U  at  its  maximum  development  and  the  dorsal  and  ventral  outgrowths*  which  are  to  aid  in  the 
to racoon  the  second  arch  are  just  appearing.  iCongdon). 


''-’’•ft*  jrv'jtffryth 
-'V*  -v-  *« 


Fw,+Ti  Fto.  475 

Fu**  47 1  nnd  477i — Ventral  ami  bteral  views  of  an  embryo  4  mrn  in  length,  in  which  the  first  arch  ha*  gone,  the 
w  m ad.  nvliuyvj,  ^nd  the  third  well  developed  Dorsal  and  ventral  outgrowths  for  the  fourth  and  probably  the 
Wna- ua»ry  arch  < fifth!  are  present  (Cougdoti). 


*nd  then  diminished  in  size,  and  the  third  arch  is  well  developed  (Figs.  474  and  175) 
The  fourth  arch  may  be  complete  and  the  dorsal  and  ventral  sprouts  for  the  pul- 
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monary  arch  may  he  present.  In  a  5-mm.  embtyp  the  third  and  fourth  arches  are 
in  a  condition  of  maximum  development  and  the  dorsal  and  ventral  sprouts  of  the 
pulmonary  arches  have  nearly  met  (Figs.  47b  and  477).  The  pulmonary  arches 
are  usually  complete  in  the  fi-mm.  embryo.  The  right  one  soon  begins  to  regress 
and  disappears  by  the  time  the  embryo  is  12  to  13  mm.  in  length.  The  third  aortic 
arches  also  disappear  at  about  the  same  time  (Figs.  478,  479  and  480).  There  is 
some  evidence  for  the  occasional  occurrence  of  an  additional  aortic  arch  between 
the  fourth  arch  and  the  pulmonary  arch.  In  such  cases  it  would  be  the  fifth  and 
the  pulmonary  the  sixtfi. 


)>$l(p.VCC 


- 

/  Ao'ht&tc  -V 


After* a'r-'l-ok  '  /■  : 

ark  *  y 


R  0?  rtf 

arch  ’ 


&&&&•/. oS l  ptvJmyprzh 
*f  py/fT>.t>n&r?  ark 


Qrc*r 

R '&rt0 !tto  ^ 
fprfyfiott  urk  p 

R  fks/rtii  4fGA — *f~ 
iWA*.'.  v 


—  L .  pcL<rfd  ptarscik  oorta 
iH&d 

;?ran$\*rzA  Q/tQirffyK&S 


j&O’rentef  orh 


Fiua,  470  ami  477,  V  entral  and  lateral  views  from  a  5  wru,  embryo.  The  third  ami  fourth  airiiea  a r<?  i«  a.  • 
of  maximum  development,  the  dorsal  and  ventral  sprouts  for  the  pulmonary  arehes  have  uc-ttrly  rifer.  The  primitive 


pulmonary  arches  are  already  of  .>onsideriible  jewel  h.  (Coogdoiii 


The  Ventral  Aorta  consists  of  a  single  short  arterial  trunk  which  connects  the  heart 
will)  the  aortic  sac  and  from  the  latter  arise  the  aortic  arches.  According  to  Tong- 
don  these  are  no  paired  ventral  aortic  in  man.  From  the  arterial  trunk  and  sac 
there  are  formed  the  innominate  artery,  a  short  portion  of  the  aortic  arch  and  a 
portion  of  the  pulmonary  artery. 

The  Aortic  Arches.—’ The  first  and  second  arches  disappear  early,  but  the  dorsal 
erul  of  the  second  gives  origin  to  the  stapedial  artery,  a  vessel  which  atrophies  in 
man  but  persists  in  some  mammals.  It  passes  through  the  ring  of  the  stapes  and 
divides  into  supraorbital,  infraorbital,  and  mandibular  branches  which  follow  the 
three  divisions  of  the  trigeminal  nerve.  The  infraorbital  and  mandibular  arise 
from  a  common  stem,  the  terminal  part  of  which  anastomoses  with  the  external 
carotid.  On  the  obliteration  of  the  stapedial  artery  this  anastomosis  enlarges  and 
forms  the  internal  maxillary  artery,  and  the  branches  of  the  stapedial  artery  are 
now  branches  of  this  vessel.  The  common  stem  of  the  infraorbital  and  mandibular 


DEVELOPMENT  OF  THE  VASCULAR  SYSTEM 


branches  passes  between  the  two  roots  of  the  auriculotemporal  nerve  and  becomes 
the  middle  meningeal  artery;  the  original  supraorbital  branch  of  the  stapedial  is 
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Fio.  47S  Fio.  479 

Fi«s.  47S  and  479. — Ventral  and  lateral  views  from  an  11-mm.  embryo.  The  pulmonary  archc*  are  complete  and 
the  right  is  already  rcgr««ing.  The  third  arch  is  bent  cranxally  At  it*  dorsal  end.  ‘t  ongdon). 


•if-  jrr.^nf’^rV <j: 
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-Latentl  view  from  a  14  mm  embryo  The  last  indications  of  the  aortic  arch  system  are  just  disappearing. 

(Cougdoai. 


represented  by  the  orbital  twigs  of  the  middle  meningeal.  The  third  aortic  arch 
constitutes  the  common  carotid  and  the  commencement  of  the  internal  carotid 
artery,  and  is  therefore  named  the  carotid  arch.  From  it  arises  the  external  carotid 
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according  to  Congdon.  The  fourth  right  arch  forms  the  right  subclavian  as  far  as 
the  origin  of  its  internal  mammary  branch;  while  the  fourth  left  arch  constitutes 
the  arch  of  the  aorta  between  the  origin  of  the  left  carotid  artery  and  the  termination 
of  the  ductus  arteriosus.  The  fifth  right  arch  disappears;  the  fifth  left  arch  gives 
off  the  pulmonary  arteries  and  forms  the  ductus  arteriosus;  this  duct  remains  per¬ 
vious  during  the  whole  of  fetal  life,  but  is  obliterated  a  few  days  after  birth.  His 
showed  that  in  the  early  embryo  the  right  and  left  arches  each  gives  a  branch  to 
the  lungs,  but  that  later  both  pulmonary  arteries  take  origin  from  the  left  arch. 

The  Dorsal  Aortas. — In  front  of  the  third  aortic  arches  the  dorsal  aortae  persist 
and  form  the  continuations  of  the  internal  carotid  arteries;  these  arteries  pass  to  the 
brain  and  each  divides  into  an  anterior  and  a  posterior  branch,  the  former  giving 
off  the  ophthalmic  and  the  anterior  and  middle  cerebral  arteries,  while  the  latter 
turns  back  and  joins  the  cerebral  part  of  the  vertebral  artery.  Behind  the  third 
arch  the  right  dorsal  aorta  disappears  as  far  as  the  point  where  the  two  dorsal 
aortae  fuse  to  form  the  descending  aorta.  The  part  of  the  left  dorsal  aorta  between 
the  third  and  fourth  arches  disappears,  while  the  remainder  persists  to  form 
the  descending  part  of  the  arch  of  the  aorta.  A  constriction,  the  aortic  isthmus,  is 
sometimes  seen  in  the  aorta  between  the  origin  of  the  left  subclavian  and  the 
attachment  of  the  ductus  arteriosus. 

Sometimes  the  right  subclavian  artery  arises  from  the  aortic  arch  distal  to  the 
origin  of  the  left  subclavian  and  passes  upward  and  to  the  right  behind  the  trachea 
and  esophagus.  This  condition  may  be  explained  by  the  persistence  of  the  right 
dorsal  aorta  and  the  obliteration  of  the  fourth  right  arch. 

In  birds  the  fourth  right  arch  forms  the  arch  of  the  aorta;  in  reptiles  the  fourth 
arch  on  both  sides  persists  and  gives  rise  to  the  double  aortic  arch  in  these  animals. 

The  heart  originally  lies  on  the  ventral  aspect  of  the  pharynx,  immediately 
behind  the  stomodeum.  With  the  elongation  of  the  neck  and  the  development 
of  the  lungs  it  recedes  within  the  thorax,  and,  as  a  consequence,  the  ventral  aorta 
is  drawn  out  and  the  original  position  of  the  fourth  and  fifth  arches  is  greatly 
modified.  Thus,  on  the  right  side  the  fourth  recedes  to  the  root  of  the  neck,  while 
on  the  left  side  it  is  withdrawn  within  the  thorax.  The  recurrent  nerves  originally 
pass  to  the  larynx  under  the  fifth  pair  of  arches,  and  are  therefore  pulled  backward 
with  the  descent  of  these  structures,  so  that  in  the  adult  the  left  nerv  e  hooks  around 
the  ligamentum  arteriosum;  owing  to  the  disappearance  of  the  fifth  right  arch  the 
right  nerve  hooks  around  that  immediately  above  it,  i.  e.,  the  commencement  of 
the  subclavian  artery.  Segmental  arteries  arise  from  the  primitive  dorsal  aortae 
and  course  between  successive  segments.  The  seventh  segmental  artery  is  of  special 
interest,  since  it  forms  the  lower  end  of  the  vertebral  artery  and,  when  the  forelimb 
bud  appears,  sends  a  branch  to  it  (the  subclavian  artery).  From  the  seventh  seg¬ 
mental  arteries  the  entire  left  subclavian  and  the  greater  part  of  the  right  sub¬ 
clavian  are  formed.  The  second  pair  of  segmental  arteries  accompany  the  hypo¬ 
glossal  nerves  to  the  brain  and  are  named  the  hypoglossal  arteries.  Each  sends 
forward  a  branch  which  forms  the  cerebral  part  of  the  vertebral  artery  and  anasto¬ 
moses  with  the  posterior  branch  of  the  internal  carotid.  The  two  vertebrals  unite 
on  the  ventral  surface  of  the  hind-brain  to  form  the  basilar  artery.  Later  the  hypo¬ 
glossal  artery  atrophies  and  the  vertebral  is  connected  with  the  first  segmental 
artery.  The  cervical  part  of  the  vertebral  is  developed  from  a  longitudinal  anasto¬ 
mosis  between  the  first  seven  segmental  arteries,  so  that  the  seventh  of  these  ulti¬ 
mately  becomes  the  source  of  the  artery.  As  a  result  of  the  growth  of  the  upper 
limb  the  subclavian  artery  increases  greatly  in  size  and  the  vertebral  then  appears 
to  spring  from  it. 

Recent  observations  show  that  several  segmental  arteries  contribute  branches  to 
the  upper  limb-bud  and  form  in  it  a  free  capillary  anastomosis.  Of  these  branches, 
only  one,  viz.,  that  derived  from  the  seventh  segmental  artery,  persists  to  form 
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the  subclavian  artery.  The  subclavian  artery  is  prolonged  into  the  limb  under 
the  names  of  the  axillary  and  brachial  arteries,  and  these  together  constitute  the 
arterial  stem  for  the  upper  arm,  the  direct  continuation  of  this  stem  in  the  forearm 
is  the  volar  interosseous  artery.  A  branch  which  accompanies  the  median  nerve 
soon  increases  in  size  and  forms  the  main  vessel  (median  artery)  of  the  forearm, 
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Fig.  481. — A  diagram  to  illustrate  the  general  development  of  the  arteries  of  the  lower  limb.  The  letter  P  indicates 
«»e  portion  of  the  Popliteus;  T,  that  of  the  Tibialis  posterior;  H,  that  of  the  Flexor  hallicis  longus.  (H.  D.  Senior.) 


while  the  volar  interosseous  diminishes.  Later  the  radial  and  ulnar  arteries  are 
developed  as  branches  of  the  brachial  part  of  the  stem  and  coincidently  with  their 
enlargement  the  median  artery  recedes;  occasionally  it  persists  as  a  vessel  of  some 
considerable  size  and  then  accompanies  the  median  nerve  into  the  palm  of  the  hand. 

According  to  Senior1  (Fig.  481)  the  primary  arterial  trunk  or  “axis”  artery  of  the 

>  H.  D.  Senior,  Am.  Jour.  Anat.,  1919,  vol.  25;  Anat.  Rec.,  1920,  vol.  17. 
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embryonic  lower  limb  arises  from  the  dorsal  root  of  the  umbilical  artery,  and 
courses  along  the  dorsal  surface  of  the  thigh,  knee  and  leg.  The  femoral  artery 
springs  from  the  external  iliac  and  forms  a  new  channel  along  the  ventral  side  of 
the  thigh  to  its  communication  with  the  axis  artery  above  the  knee.  As  tins  channel 
increases  in  size  that  part  of  the  axis  artery  proximal  to  the  communication  dis¬ 
appears,  except  its  upper  end  which  persists  as  the  inferior  gluteal  artery.  Two 
other  segments  of  the  axial  artery  persist;  one  forms  the  proximal  part  of  the 
popliteal  artery,  and  the  other  forms  a  part  of  the  peroneal  artery. 

Further  Development  of  the  Veins.— The  formation  of  the  great  veins  of  the 
embryo  may  be  best  considered  by  dividing  them  into  two  groups,  visceral  arid 
parietal. 

The  visceral  veins  are  the  two  vitelline  or  omphalomesenteric 


The  Visceral  Veins 

veins  bringing  the  blood  from  the  yolk-sac,  and  the  two  umbilical  veins  returning 
the  blood  from  the  placenta;  these  four  veins  open  close  together  into  the  sinus 
venosus. 

Anterior  do  lacked  port  tens 

of  umbilical  veins  Venae  revchentes 


Stomach  ■ 
Venae,  advehentes 


Ductus  venosus 


Pancreas 


Obliterated  fX>rtiothS 
of  venous  rings 


Right  umbilical 


Left  umbilical  vein 


Portal  vein 
Vitelline 
veins 


Duodenum 


The  Vitelline  Veins  run  upward  at  first  in  front,  and  subsequently  on  either 
side  of  the  intestinal  canal*  They  unite  on  the  ventral  aspect  of  the  canal,  and 
beyond  this  are  connected  to  one  another  bv  two  anastomotic  branches,  one  on  the 
dorsal,  and  the  other  on  the  ventral  aspect  of  the  duodenal  portion  of  the  intestine, 
which  is  thus  encircled  by  two  venous  rings  (Fig,  482);  into  the  middle  or  dorsal 
anastomosis  the  superior  mesenteric  vein  opens.  The  portions  of  the  veins  a  hove 
the  upper  ring  become  interrupted  by  the  developing  liver  and  broken  up  by  it  into 
a  plexus  of  small  capillarv-like  vessels  termed  sinusoids  (Minot).  The  branches 
conveying  the  blood  to  this  plexus  are  named  the  venae  advehentes,  and  become 
the  branches  of  the  portal  vein;  while  the  vessels  draining  the  plexus  into  the 
sinus  venosus  are  termed  the  venae  revehentes,  and  form  the  future  hepatic  veins 
(Figs.  482,  48H).  Ultimately  the  left  vena  revehens  no  longer  communicates 
directly  with  the  sinus  venosus,  but  opens  into  the  right  vena  revehens.  The 


Fjq.  — The  liver  arul  the  veins  in  connection  with  it.  of  ft  human  embryo,  twenty-four  or  twenty-five  .b»vs  old. 
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persistent  part  of  the  upper  venous  ring,  above  the  opening  of  the  superior  mes¬ 
enteric  vein,  forms  the  trunk  of  the  portal  vein. 

The  two  Umbilical  Veins  fuse  early  to  form  a  single  trunk  in  the  body-stalk, 
but  remain  separate  within  the  embryo  and  pass  forward  to  the  sinus  venosus 
in  the  side  walls  of  the  body.  Like  the  vitelline  veins,  their  direct  connection 
with  the  sinus  venosus  becomes  interrupted  by  the  developing  liver,  and  thus  at 
this  stage  the  whole  of  the  blood  from  the  yolk-sac  and  placenta  passes  through 
the  substance  of  the  liver  before  it  reaches  the  heart.  The  right  umbilical  and 
right  vitelline  veins  shrivel  and  disappear;  the  left  umbilical,  on  the  other  hand, 
becomes  enlarged  and  opens  into  the  upper  venous  ring  of  the  vitelline  veins;  with 
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Human  embryo  with  heart  and  anterior  body-wall  removed  to  show  the  sinus  venosus  and  its  tributaries 

(After  Hie.) 


the  atrophy  of  the  yolk-sac  the  left  vitelline  vein  also  undergoes  atrophy  and 
disappears.  Finally  a  direct  branch  is  established  between  this  ring  and  the  right 
hepatic  vein;  this  branch  is  named  the  ductus  venosus,  and,  enlarging  rapidly, 
it  forms  a  wide  channel  through  which  most  of  the  blood,  returned  from  the 
placenta,  is  carried  direct  to  the  heart  without  passing  through  the  liver.  A  small 
proportion  of  the  bl<x>d  from  the  placenta  is,  however,  conveyed  from  the  left 
umbilical  vein  to  the  liver  through  the  left  vena  advehens.  The  left  umbilical 
vein  and  the  ductus  venosus  undergo  atrophy  and  obliteration  after  birth,  and 
form  respectively  the  Kgamentum  teres  and  ligament um  venosum  of  the  liver. 

The  Parietal  Veins. — The  first  indication  of  a  parietal  system  consists  in  the 
appearance  of  two  short  transverse  veins,  the  ducts  of  Cuvier,  which  open,  one 
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on  either  side,  into  the  sinus  venosus.  Each  of  these  ducts  receives  an  ascending 
and  descending  vein.  The  ascending  veins  return  the  blood  from  the  parietes 
of  the  trunk  and  from  the  Wolffian  bodies,  and  are  called  cardinal  veins.  The 
descending  veins  return  the  blood  from  the  head,  and  are  called  primitive  jugular 
veins  (Fig.  484).  The  blood  from  the  lower  limbs  is  collected  by  the  right  and 
left  iliac  and  hypogastric  veins,  which,  in  the  earlier  stages  of  development,  open 
into  the  corresponding  right  and  left  cardinal  veins;  later,  a  transverse  branch  (the 
left  common  iliac  vein)  is  developed  between  the  lower  parts  of  the  two  cardinal 
veins  (Fig.  486),  and  through  this  the  blood  is  carried  into  the  right  cardinal  vein. 
The  portion  of  the  left  cardinal  vein  below  the  left  renal  vein  atrophies  and  dis¬ 
appears  up  to  the  point  of  entrance  of  the  left* spermatic  vein;  the  portion  above 
the  left  renal  vein  persists  as  the  hemiazygos  and  accessory  hemiazygos  veins 
and  the  lower  portion  of  the  highest  left  intercostal  vein.  The  right  cardinal  vein 
which  now  receives  the  blood  from  both  lower  extremities,  forms  a  large  venous 
trunk  along  the  posterior  abdominal  wall;  up  to  the  level  of  the  renal  veins  it 
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Fio.  485. — Scheme  showing  early  stages  of 
development  of  the  inferior  vena  cava. 


forms  the  lower  part  of  the  inferior  vena  cava.  Above  the  level  of  the  renal  veins 
the  right  cardinal  vein  persists  as  the  azygos  vein  and  receives  the  right  intercostal 
veins,  while  the  hemiazygos  veins  are  brought  into  communication  with  it  by  the 
development  of  transverse  branches  in  front  of  the  vertebral  column  (Figs.  486,  487) 
Inferior  Vena  Cava. — The  development  of  the  inferior  vena  cava  is  associated 
with  the  formation  of  two  veins,  the  subcardinal  veins  (Figs.  484,  485).  These 
lie  parallel  to,  and  on  the  ventral  aspect  of,  the  cardinal  veins,  and  originate  as 
longitudinal  anastomosing  channels  which  link  up  the  tributaries  from  the  mes¬ 
entery  to  the  cardinal  veins;  they  communicate  with  the  cardinal  veins  above  and 
below,  and  also  by  a  series  of  transverse  branches.  The  two  subcardinals  are  for 
a  time  connected  with  each  other  in  front  of  the  aorta  by  cross  branches,  but  these 
disappear  and  are  replaced  by  a  single  transverse  channel  at  the  level  where  the 
renal  veins  join  the  cardinals,  and  at  the  same  level  a  cross  communication  is 
established  on  either  side  between  the  cardinal  and  subcardinal  (Fig.  485).  The 
portion  of  the  right  subcardinal  behind  this  cross  communication  disappears,  while 
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cross  branch  which  joins  these  two  veins.  The  left  subcardinal  disappears,  except 
the  part  immediately  in  front  of  the  renal  vein,  which  is  retained  as  the  left  supra¬ 
renal  vein.  The  spermatic  (or  ovarian)  vein  opens  into  the  postrenal  part  of 
the  corresponding  cardinal  vein.  This  portion  of  the  right  cardinal,  as  already 
explained,  forms  the  lower  part  of  the  inferior  vena  cava,  so  that  the  right  spermatic 
opens  directly  into  that  vessel.  The  postrenal  segment  of  the  left  cardinal  dis¬ 
appears,  with  the  exception  of  the  portion  between  the  spermatic  and  renal  vein, 
which  is  retained  as  the  terminal  part  of  the  left  spermatic  vein. 

In  consequence  of  the  atrophy  of  the  Wolffian  bodies  the  cardinal  veins  diminish 
in  size;  the  primitive  jugular  veins,  on  the  other  hand,  become  enlarged,  owing  to 
the  rapid  development  of  the  head  and  brain.  They  are  further  augmented  by 
receiving  the  veins  (subclavian)  from  the  upper  extremities,  and  so  come  to  form 
the  chief  veins  of  the  Cuvierian  ducts;  these  ducts  gradually  assume  an  almost 
vertical  position  in  consequence  of  the  descent  of  the  heart  into  the  thorax.  The 
right  and  left  Cuvierian  ducts  are  originally  of  the  same  diameter,  and  are  frequently 
termed  the  right  and  left  superior  vena  cava.  By  the  development  of  a  transverse 
branch,  the  left  innominate  vein  between  the  two  primitive  jugular  veins,  the 
blood  is  carried  across  from  the  left  to  the  right  primitive  jugular  (Figs.  486,  487). 
The  portion  of  the  right  primitive  jugular  vein  between  the  left  innominate  and 
the  azygos  vein  forms  the  upper  part  of  the  superior  vena  cava  of  the  adult;  the 
lower  part  of  this  vessel,  i .  e.,  below  the  entrance  of  the  azygos  vein,  is  formed  by 
the  right  Cuvierian  duct.  Below  the  origin  of  the  transverse  branch  the  left 
primitive  jugular  vein  and  left  Cuvierian  duct  atrophy,  the  former  constituting 
the  upper  part  of  the  highest  left  intercostal  vein,  while  the  latter  is  represented 
by  the  ligament  of  the  left  vena  cava,  vestigial  fold  of  Marshall,  and  the  oblique 
vein  of  the  left  atrium,  oblique  vein  of  Marshall  (Fig.  487).  Both  right  and  left 
superior  venae  cavae  are  present  in  some  animals,  and  are  occasionally  found  in  the 
adult  human  being.  The  oblique  vein  of  the  left  atrium  passes  downward  across 
the  back  of  the  left  atrium  to  open  into  the  coronary  sinus,  which,  as  already 
indicated,  represents  the  persistent  left  horn  of  the  sinus  venosus. 

Venous  Sinuses  of  the  Dura  Mater.1 — The  primary  arrangement  for  drainage  of 
the  capillaries  of  the  head  (Figs.  488,  495)  consists  of  a  primary  head  vein  which 
starts  in  the  region  of  the  midbrain  and  runs  caudalward  along  the  side  of  the 
brain  tube  to  terminate  at  the  duct  of  Cuvier.  The  primary  head  vein  drains 
three  plexuses  of  capillaries:  the  anterior  dural  plexus,  the  middle  dural  plexus  and 
the  posterior  dural  plexus.  The  growth  of  the  cartilaginous  capsule  of  the  ear  and 
the  growth  and  alteration  in  form  of  the  brain  bring  about  changes  in  this  primary 
arrangement  (Figs.  490-495).  Owing  to  the  growth  of  the  otic  capsule  and  middle 
ear  the  course  of  the  primary  head  vein  becomes  unfavorable  and  a  segment  of  it 
becomes  obliterated.  To  make  the  necessary  adjustment  an  anastomosis  is  estab¬ 
lished  above  the  otic  capsule  (Fig.  490)  and  the  middle  plexus  drains  into  the  poste¬ 
rior  plexus.  Then  the  anteror  plexus  fuses  with  the  middle  plexus  (Fig.  491)  and 
drains  through  it  and  the  newly  estabished  channel,  dorsal  to  the  otic  capsule. 
All  that  remains  of  the  primary  head  vein  is  the  cardinal  portion  or  internal  jugular 
and  the  part  in  the  region  of  the  trigeminal  nerve  which  may  be  called  the  cavernous 
sinus.  Into  it  drain  the  orbital  veins.  The  drainage  from  the  cavernous  sinus  is 
nowr  upward  through  the  original  trunk  of  the  middle  plexus,  which  is  now  the 
superior  petrosal  sinus,  into  the  newly  established  dorsal  channel.  This  dorsal 
channel  is  the  transverse  sinus  (Figs.  492-495).  The  inferior  petrosal  sinus  appears 
later  (Fig.  493).  From  the  anterior  plexus  a  sagittal  plexus  extends  forward  from 
which  develops  the  superior  sagittal  sinus  (Figs.  491-495).  The  straight  sinus  is 
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formed  in  the  vent  ml  part  of  the  sagittal  plexus.  As  the  hemispheres  extend  haelv 


nani  these  sinuses?  elongate  by  incorporating  the  more  vandal  loops  of  the  plexus. 
The  juiterior  part  of  the  sinus  is  completed  first. 
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$5  cun V.'fc/itf  f,  S«)  ©tsv.  tinW^-rurop  length*  iis  4V4, ,»6 
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develop  between  the.  externa:]  Jugular  ft«d  i^e.  |in|^cr^fte^  wjili  l|fe-3t*3ult  that 
the  posterior  group  of  facial  veins  is  transferred  to  the  exfctttai  jiigu|ar.. 

Structure  ai  Arteries  (Fig.  4lMi)„ — The-  &rix*nB« are  txrtupoeed  of  three omtstj  aa  internal  or 
endothelial  coat  {tunica  iniima  of  Rojitfcer);  %  '-middle  pr  urasoular  -coat '  iiutacn  wa:ii$).  om'l  «tt 
•  external  eo^t  fp/fti#*  adtmtHml 

..  very 

hxm  tht*  t&lvnisdr,  ajr.fty '  the  •..wJfti.arj'  operation  of 
tying  a  ligature  abound  an  artery.  •  U  a  fine  firing  be 
tied  forcibly ;^poo;^i'-'an.-esy  abd  then  taken  of?;  the 
vxlvnmi  eoravdll  foV  found  undivided,  but  the  ioro 
ifuutr  ^'mte  are  divide!  in  the  track  of  the  ligafim; 
and  nan  easily  feo  further  dissected  the  dufAr 
coat,  i  ,s  ■  :#  ;s : 

The  i&aei  (hwica  irdima)  can  be  separated 
from  the  rniddfe  by  a  fittlc  inaCtfratiqn^  of  it  may  k 
stripped  off  m  aiiiall/picM^vVbut/'o.w  aveotmi  of  lie 
friability*  tl,  cannot  Ad  a  coftipleVo  mt#> 

brane.  It  la  a  Hut?,  transpare^^^ 
which  id  highly  eteiio,  *tmf,  after  clciith,  is  ^oointjofily 
corrugated  into  longu.\idmal^mklt?e»  The  inner  «wt 
consists  of;  (!)  A  layer  of  pavement  endothdhinj. 
the  cells  «f  which  arc  polygonal,  oval,  or .  d?j.sifcirh(» ' 
and  have  very  distinct  round  m  oval  nuclei.  Tbi* 
endothelium  ia  brought,  into  view  distillery  by 
staining  ^ithiiitrateof  silver.  (£)  A  *UbendotiMiai 
layer,  ccrhaistifig of  OOtmeettTe  tissifr  with 

bntQched  cella  ly  ing  in  the-  $t fcte  UBSue; 

in  arteries  of  l&sa  than  2  mn.  m  diameter  th*  sirfo 
endothelial  layer  consists  of  *  single  stratum  of  tfleb 
late  cells,  aocl  the  connective  ligsuc  ta  only  largely 
developed  in  veaseik  of  a  considerable  si/e  |3 /  An 
elastic  or  fenestrated  layer,  whieh  of  a  men>* 

bmne  containing  a  net  work  of  elastic  fibers,  having, 
principally  a  longitudinal  direction,  and  in  which, 
under  the  trucroscope,  elongated  apert  ures  <*r 

perforations  may  be  seen,  giving  ii  a  fenestrated  &p- 
pmmnce.  It  waa  thwtfW#  called  by  ifcmle  the  fennah 
ir&Sad  tsenjbr ana.  This  membrane  farms  the  chief 
thickness  of  the  inner  coat,  and  can  he  separated  into 
smcral  layers,  some  of  which  present,  the  appcai^oce 
of  a  net- work  of  longitudinal  elastic  fibers*  andotbtf-fc 
a  more  membranous  character  mark**!  by  pale  finei? 
Uayfog  a  ipngitudioal  dthocHon,  In  - ' 
u.^.  hi larger  arteries  and  specially  in  the: 


Fig.  49(5— Trft03v*rse  eectJon  through  it  small 
artery  and  vent  uf  tho  mucous  merabrane  of  tb« 
topigloitie  of  ft  child.  X  350.  ami  Noble 

ifirijfch  ).  A  Artery,  shoving  the  uacieafced  c*«do- 
tboiiitru.  r,  wlii'jii  lifleo  it;  pie  voajfoj  being  eoa- 
irp-ctcd,  the  HMilOtheUal  ooHar  Mpi>o&r  vary  thick, 
XJo.denieaih  the  oodoihebum  is  the  wavy  ulaatie 
lor\iiuo.  Tht‘  ojuof  i»4r(  of  the  o’»U  of  the  vew^l 
is  oecnp.M'il  by  r.ho  elrculHl  muecle  coat-  m;  the 
r  pfPshft|»»i»i  ouclei  si  tUe»  icmscte  'iSeUi  nte  woll  seen. 
Outside  this  ip  a,  part  of  tlie>  adVoOtitia  TJhia  \» 
uoriuictsod  of  biiual^  of  uonucstdive  haso*  ftb«?Vs. 
«ho»vn  to  s*P,i4un,  with  the  nuelci  ol  the  cohhoc- 
tive  tissue  xturpu<^l^»  The  sdventitht  gradually 
into  ihc  aurrouiiding  connective  tieawe. 
V'.  Vftih  ehowm^  a  ebiu  euoothelial  membrane. 
t,  ruim?i  aecidentaUv*  from  the  ititima,  whieh  on 
account  «if  it?  deUmry' ^ia  stiqn  &au  merfe-Une  on  tbe 
media  w  This  latter  ia  composed  of  a  fev circular 
uastri|wil!  aiuscl#}  «  The  adventitia,  eimklar 
in  ta  that  />|>n  art«rj'. 


.  fibers  in-  >i\5hdit*«,  •  arrau^f  ..in-  'lAfiwllkj; '  aij;d '  .dwpo3e»i  chcui.trbv  around  the  vf^y  l.  Tb^ 
!&rn*}bs  var>r  ip  number  ^urdirig  %&  vessel;  the  smallest  arteries  having  only  ft 

single  (  f%f  M7)  ,  and  t  hose  .^lightly  l«jrg>^:^h  tee  or  four  layers  I  t  ii  to  tiiis  tpai  that  ihw 

thkkn^r. t>f  the  vVdll  of  thr*  a r lory  tft>nmrdy  due  (Fig.  4156A,  m)~:  in  xht*  larger  a.-? ihe . 

iliae,  Tt«hir|ridt  ..hhd;  carotid,  cla^be  fibers  imite  to  form  which  alternfuy  with  th*  i&yss* 

•of  tluwe  lumeU^  arr<  iibdM  to  another  by  elaatkr  ribeiis  wtiidi  pa.*^  betwwio 

l>Un'Hle6,.'&nd  .aro  membra^  rd  the  int>nr  coiii  (Fig. 

in  'the  Ilium'.  Arte-nV*,  as  the  aorta  Af»d  'innominate.  I.ho  ornouiti  of  ebeAu:  ti^uc  is>  v^ary 
considerable;  in  these  ve*iei;i^ ■  &  Iq\v  bundles  of  white  eonnvctive  tissue-  ato  liav^  found  in 

:  lew;:,  Amv-ni’afi  Journal  cl  VtwVoriiy.  V&brvurv.  V909,  No.  i,  vo;-  ft, 
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the  midair  coat.  The  musetet  fiber  Mia  are  about  fifty  )ti  left  gib  and  con tai n  welbcn&rked>  ro<b . 
efeaped  n?ifck*v  which  tire  afiem  ia.Ughtiy.  curvet!.. 

The  asternal  ookt  {iwi&z xukmtU&)  mainly,  of  fine  aiarif  closely  felted  build of  white 

iii4  «ld.-«L  s*rt*iir  nirifi  toirl-»iir\  iti  all  ,'KlVf  tlifJ  nirtmTI  f  llG  <jlil>3UC 


amettive  name,  but  'fite*'  ip  '*&  ••b.ttt  the  amaliest  arteyie&. 

?i w*e  is  ima&h  mere  abundant  ppxffibi?  itmim  media, 

•and  it  is  :a9'f^ihe»^&kte  between 

ihe  wiVmdyift  ami  media,  a  spwml  iayu r,  the  tunic* 
elastic*  extern*  of  llenie.  Thb  Uyer  i$  room.  marked  J ^  y ■' -*\  >  j 

ra  arteries  of  te&tiUft* Mte-  1ft  Vo? 

external  eo&t  ;&  ^Ihiiydy  tldaj  but  iir  ^udi 
it  is  ot  ip'oAk^riH^itoriio^jd^  U>ickftc*#.  In  the  jailer.  % 
uifcries  it  ec«Ni£fi^  s>f  a  #mjd£’fe#*sr  t>f  eehftets..  •  S  5r*4i  iv v  a 

iflBHin 


tive  oesuu  arid  daatie  fibersr  white  &  the  smallest 
ftnww,  ju«fc  $hm*k  the  capvUiinea,  the  etette  fibers 
sit' •ffsiitki^'-aod  -tin*  w»nee live  .tt&tte  rjf. whfck  the 

esai  is  composed  bs&ome*  tnor&  nearly  homegeartius 
tte*  ut-arer  it  4|>^»che&  thr  ca^illarw  and  fa  gr**T  y*^ 
iifilly  JrvdMc^il * ier;.ifeijri- •  whirfr-  .*.  ■ 

finally  disspjjfcftfts  '  .  >  A\"L% 

tflvf  ertofely;  ibitt  walfe  in  jyrop^rv  -  h  «5  -  *  TV 

t&U  to  T  heir  siio;  this  ia  especially  the  ease  in  Uio*> 
atuated  in  the  cavity  of  the  cranium  xuid  ^^ehrul  . 

«maf  t  he  difference  defending  on  the  Lhiunc&t?  <>f  the  A'iri 
eternal  and  middle  ooatgj.  K' A'W ''$'■'> '•}• 

The  art emV,  in  their  d is t rib ut  i  o  u  throughout  the 

Mi,  are  included  in  thin  fibre-areolar  ih vestment  •:&*&'  atusry  and  vein,  pm  mater  of 

■  iil'A'm  '»l%«k+V.k  -tu  ’  ;,  »/_  I..  '  v.'  ahwp.  X  250.  Nurfaen  View  above  tl.o  »o*i>r* 

wiuoh  form  their  sheaths-  The  vessel  is  iopSB{y  cori-  ,  rupt*.*»j  lin^:  .UmsmiUinAt^irUivti  Ueliitv.  a< •' <•>  *. 

QH'Ud  with  ift<  sheath  by  delica  te  areolar  tiaa.ue;  .and  \  la  «d;  vem  in  bn»^. 

The  s&eath  usually  ^ido<K»  the  accompanying  veins,  \  '/  --’’  ,  - 

^rd  K«iiet,ime»  ^  r|vjnTe,  Some  arteries,  m  those  in  the  cranium,  aie  not  iftclhd^j  its  ^hfiatfes* 
AB  i.be  larger  arteries,  h'ke^ •  the  other  organs  of  the  body,  are  suppUerl  vn^;btobd^^^\'^sie^ 

•  suth^ht 'vcascK'  wtlietl  the  y&sa  vafiorom,  arite  from  a  branch  of  (he  artery’,  or  Irotri  a  xicrgbbor* 
mg '  <rmtet%  ■  4%  ■: sbjtne-  cniimdemWtf  distance  from  the  poinf  at  -which  they  sto  distrihuted?  they 
rsnufr  i'Jf  *he  loose  areolar  tissue  connecting  the  artery  with  its  sheath,  and  are  distributed  to 
iVk^wiaf  wt,  but  do  not,  in  man,  penetrate  the ^  other  irmlAt  w  som‘a- ^f  ( he  larger  manjmab 
ftjesv  yv/feeb  have  hc^x>  t raced  into  the  middle  coat.  Minute  veins  return  the  blood  from  these 
fygsek:  fhey- -.empty  themselves  into  the  vein  or  veins  accompanying  the  artery  Lymphatic 
,v  ar*?.  :iUo •  ^reserd.  in  the  outer  coat. 

:  Art^rtes  are  akb  sdppliiwl.  with  nerves,  which  are  dor|vbd  fhtiti  tkn  sympathetic,  biit  :inay  pase 
ityiwfbihtz  cerebtosplrift]  nerves.  They  form  iiitri/iate  plr?xu$ea  u]X»u  the  surfaces  ot tin*  licrger 
‘mr/k*',  an>Tnju' ^ along  tht  smaller  aiteries  as  wangle. fiiianfrrts,  or  buniiios  of  filanjentis?  which  twist 
’irftHfid  the  and  utiUe  with  each  other  in  a.pfexiftmh'  manner.  The  branches  dor i veil  from 
•hr.^.  plexus*  }>cue?rate  the  evtcmal  coat  and •  are  aktributeil  t>riucii>ally  to  the  nntsvular  tissue 
^  the  nnihiie  l&miy  and  time  regulate,  by  causing  itKr  contraction  arid  relavao’on  of  this  tissue 
ik  .aiiuiunt  of  'blood  sent  to  any  part, 

Th«  C^liftriftiSr —llie  smaller  arterial  branches  (j?sceptirig  those  of  the  cavernous  structure 
ijt  tliG  organs,  of  the.  splenic  pulp,  and  of  the  plaint*)  temiiti^te  it i  netwur^H  of  vessels 
tfhtfJi  pr^vafic  uedrly  vn'ery  ti^ue  of  the  body.  These  y^eds.  from  their  minute  sbe,  are  ter  mod 
.  lx»twe«u'-th«.8hrialji»t  'branches"  ut  the  arteries  and  the  oqoimenc- 

the  branches  of  whid)  fuamiaiii  the  same  diftoeher  throughtidt  ; 
the  mesh?** M ^  thev  an?t  more  uniform  In  dnrpo  and  size  than  those  formed  by  the  aim*r<> 

Wfjgw&o  f  ^  :.  ■  i  ■  .  :  :  ^  \  ••'; 

He  tiimnifter*  pi  ll&  mpii&ries  vary ^  in  the  dilferenf.  titties  of  tlie  body,  the  irsual  si?e  t*mg 
•ijm.it  '  enmlfet  afe-  thd#e  :bf\  bram  46d  tliu  rnuedos  membrane  of  the  iuiestiuesr 
ibe  largest  those  of  the  skin  and  the  marrow  of  bone,  wjicre  they  are  dated  Ip  be*  large 
ife  diameter  The  form  of  the  capillary  net  varies  ift  the  liiff  erent  tissues,  the  /ncshCs  (  teing 
g^K-irfttly  rounded  or  elongatisi. 

T \yt  tqmhM  form  of  weak  is  most  common,  and  prevails  where  there  is  a  dense  network,  as  in 
die  lungs,  in  md»t  glunda  ami  mucous  membranes,  and  lh  the  eutis;  the  ift^ies  arh  not  of  an 
^idiit^iy  cin  tdar  outline,  but  more  or  lea?  angular,  sometiincts  neturly •  tjii.tt/i'rahgiihi.r- ur  polygODah 
is  euoto  fiften  im*gular.  '•. «;  ■;'; ,V,!'‘:  •:;  ’ --V^  v  v  •  •'  "  .'  1- v- •• 

SlpP$P$'*d  are  observed  in  the  musrie^  '.*ftd  nerves;  the  meshc-s  rc.^ndduig  (>araU!*l*vrrrai*ha 

S  fn»tiif  .the  fetog  axis  of  the  mesh  running  ;piu*:d!d  wn  h,  the  long  axis  the  nerve  or 
Bometim.t*  the  ^apilkries  hare  a  lootn-4- *irtw><pwmk  jx  ;4»uide  yesstl  projecting  from  tlie  vdininUp; 
o'fct^urk  ami  relurhih)^  after  forjiuhg  pne  or  more  lootfe,  as  in  tfe  papiliiii  -of" ^  the  tor^iie  and 
iten 
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The  number  of  the  minttencz  and  the  Btse  of  the  mesh m  determine  the  d)?gtee  of  vascularity 
of  &: part.  The  closest  .r&ttf&k  find  tire  smallest  idthisprit^s  seta-. found  In  the  )utig$  and  id- the 
chomitl  coal  of  thft  eye.  -  In.  aje&t4f»P^XiS  im  emaJJer  iheti  &e  capillary  r-e^js 

•fchemsSfm;  In  the  tiitettubuiar  ptexu*  of  the  kidney,  ia  j&ri  ^cmjiincfiva,  and  in  the  coib,  (M 
intemp&em  are  from  three  to four  tixtyes  m  large  us.  the  cttpilkriea  which  fatm  .them:  and  id  the 
braht  Btm  tight.  >d  ten  film*  as  large ..a?#  the  capillaries  m  theu  long  diameters,  and  from  torn 
to  jus  lime?-!  as  large.  in  their  transverse  diameters.  Iri ’.the  adventitia  of  arteries  the  'width  <»f  tk 
•weshe?  is  u-n  rimes  that  of  the  capillary  loswals.  As  a  general  tub*  the  more  active  -the  fane-; 
tk*ti  of  the  or&it.s  the  closer  is  its  capillary  net  and  the  larger  its  supply  of  blood;  the  ffleahcs  tfi 
the  network  sit-  my  narrow  in  all  growing  parts,  in  the  glands,  and  in  the  mucous  purmbraivsK 
miter  in  hon<<s.apd  ligaments  which  ate  comparativdy  inactive*  bloodvessels  am  nearly  dto- 
teutons,  in  which  ver#  little  organic  change  occurs,  after  their  formariou,  li 
the  tbs  eapi ft ari.es  take  a  more  or  It^a  radial  edurse  toward  the  intralobular  vein,  and  their 
walls  arc  loeoii) pk»te,  so  that  the  blood  comes  into  direct  eouiaet  with  the  liver  cells.  Tbae 
vesaeh  in  IhF  lister  are  not  true  eapiUnrma  but  '*  sinusoid*!'  they  are  dendoped  fey*  the  Growth 
•  of  column*  of  . liver  ctilin  into  the  blood  spatT.rctf  ifco  embryonic-  organ 

'  >  •  ftwUtihtUul  oW  std>- 

f.tldi/thdio/.  pT1/f«'  0/ 


i 


m- 

m 


Ontirbiwl  M vf 
tmte?  c*d  I 


.;£tV*;  ,  iht?  Scotian  nf  a  Rj«dUir?» ssuftd  jurterj.  .(After  Orttn4l«m.]| 

■Strati ft. re. —•The  wall  of  n  t^ipdlAfy  ca*wt*te  of  u  fine  transparent  vmiothelud  iayvr^  competed 
of  ceils  joined  edge  to  tidge  by  an  JTitvrstitiaJ  oennipt  ^uhat&iiee,  and  contltiuous  with  the  endo¬ 
thelial  cell?  which  line  the  arteries  and  vvSu*.  When  stained  with  nitrate' of .Kily'er  jhfc  edg?s  wind? 
bound  t  he  epithelial  eelk  *to  brought  into  view  (Fig.  4W},  Those  cells  jure:  of  large  mz*  arid  *4 
an  irregular  polyg&’tfai  or  shape*  earh  cpntaming  ovpt ttuclcik;wiutjji  may  l>e  dis¬ 
played  by  carmine  ot  hsniatoityhn.  hfek.  &t04,  at  various  pouil&s  M  their  meeting, 

roundish. dark  *poU  a o?  wodiethnes*  Sevo,  which  have  been  ijcseri'ltttd  as  stomata,  though  they  arv 
closed  by  ulterCcllnlar  ^uhstanec.  Tfi^-haVebeeh  boliev^l  to  bo  the  sitiiatioms  through  which 
the  colorless  corpuscle  of  the  ‘blood,.  when  nh'gfating  from  the  blood  vessel  emerge;  buA  thU 
view,  though  probable,  is  not  4f>J\or>>uUy  accepted. 

Knfctesttw  describe*  CnUs  as  having  ^  .ridfiar  more  complex  stnichire.  He  states  ifai 
each  cohsfets  of  two  parts:  of  hyaline  ground  oBom,  iml  of  a  protophtsmi'C  gf^nuiar  pari,  cd 
which  le  iiiibekltd  ri 
of  the  cf piljarif^  dot^ 
atid  thouidi  hi  chutfict 

iect.e*l  tci  intravascular  pres.su re,  the  phxUss  become  ^(‘parated  from  each  other;  the.  nrr#fdi^^' 
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portions  of  the  cells,  on  tfie  other  hand,  are  united  together.  In  some  organs,  e.  g.f  the  glomeruli 
of  the  kidneys,  intercellular  cement  cannot  be  demonstrated  in  the  capillary  wall  and  the  cells 
are  believed  to  form  a  syncytium. 

In  many  situations  a  delicate  sheath  or  envelope  of  branched  nucleated  connective  tissue  cells 
is  found  around  the  simple  capillary  tube,  particularly  in  the  larger  ones;  and  in  other  places, 
especially  in  the  glands,  the  capillaries  are  invested  with  retiform  connective  tissue.  In  certain 
organs  where  true  connective  tissue  is  absent  and  the  blood  capillaries  come  into  direct  contact 
with  actively  secreting  epithelium,  the  endothelial  cells  themselves  are  able  to  lay  down  the 
supporting  framework  of  the  gland  in  the  form  of  reticular  fibers.1 

Sinusoids. — In  certain  organs,  vis.,  the  heart,  the  liver,  the  suprarenal  and  parathyroid 
glands,  the  glomus  caroticum  and  glomus  coccygeum,  the  smallest  bloodvessels  present  various 
differences  from  true  capillaries.  They  are  wider,  with  an 
irregular  lumen,  and  have  no  connective  tissue  covering, 
their  endothelial  cells  being  in  direct  contact  with  the  cells  of 
the  organ.  Moreover,  they  are  either  arterial  or  venous  and 
not  intermediate  as  are  the  true  capillaries.  These  vessels 
have  been  called  sinusoids  by  Minot.  They  are  formed 
by  columns  of  cells  or  trabecuke  pushing  their  way  into  a 
large  bloodvessel  or  blood  space  and  carrying  its  endothe¬ 
lium  before  them ;  at  the  same  time  the  wall  of  the  vessel 
or  space  growls  out  between  the  cell  columns. 

Structure  of  Veins. — The  veins,  like  the  arteries,  are  com¬ 
posed  of  three  coats:  internal,  middle,  and  external;  and 
these  coats  are,  with  the  necessary  modifications,  analogous 
to  the  coats  of  the  arteries;  the  internal  being  the  endo¬ 
thelial,  the  middle  the  muscular,  and  the  external  the 
connective  tissue  or  areolar  (Fig.  500).  The  main  differ¬ 
ence  between  the  veins  and  the  arteries  is  in  the  compara¬ 
tive  weakness  of  the  middle  coat  in  the  former. 

In  the  smallest  veins  the  three  coats  are  hardly  to  be  dis¬ 
tinguished  (Fig.  497).  The  endothelium  is  supported  on  a 
membrane  separable  into  two  layers,  the  outer  of  which 
is  the  thicker,  and  consists  of  a  delicate,  nucleated  mem¬ 
brane  ( adventitia ),  while  the  inner  is  composed  of  a  network 
oflongitudinal  elastic  fibers  {media).  In  the  veins  next 
above  these  in  size  (0.4  mm.  in  diameter),  according  to 
Kblliker,  a  connective  tissue  layer  containing  numerous 
muscle  fibers  circularly  disposed  can  be  traced,  forming  the 
middle  coat,  while  the  elastic  and  connective  tissue  elements  of  the  outer  coat  become 
more  distinctly  perceptible.  In  the  middle-sized  veins  the  typical  structure  of  these  vessels 
becomes  clear.  The  endothelium  is  of  the  same  character  as  in  the  arteries,  but  its  cells 
are  more  oval  and  less  fusiform.  It  is  supported  by  a  connective  tissue  layer,  consisting  of 
a  delicate  network  of  branched  cells,  and  external  to  this  is  a  layer  of  elastic  fibers  disposed 
in  the  form  of  a  network  in  place  of  the  definite  fenestrated  membrane  seen  in  the  arteries. 
This  constitutes  the  internal  coat.  The  middle  coat  is  composed  of  a  thick  layer  of  con¬ 
nective  tissue  with  elastic  fibers,  intermixed,  in  some  veins,  with  a  transverse  layer  of  muscular 
tissue.  The  white  fibrous  element  is  in  considerable  excess,  and  the  elastic  fibers  are  in  much 
smaller  proportion  in  the  veins  than  in  the  arteries.  The  outer  coat  consists,  as  in  the  arteries, 
of  areolar  tissue,  with  longitudinal  elastic  fibers.  In  the  largest  veins  the  outer  coat  is  from 
two  to  five  times  thicker  than  the  middle  coat,  and  contains  a  large  number  of  longitudinal 
muscular  fibers.  These  are  most  distinct  in  the  inferior  vena  cava,  especially  at  the  termination 
of  this  vein  in  the  heart,  in  the  trunks  of  the  hepatic  veins,  in  all  the  large  trunks  of  the  portal 
vein,  and  in  the  external  iliac,  renal,  and  azygos  veins.  In  the  renal  and  portal  veins  they  extend 
through  the  whole  thickness  of  the  outer  coat,  but  in  the  other  veins  mentioned  a  layer  of  con¬ 
nective  and  elastic  tissue  is  found  external  to  the  muscular  fibers.  All  the  large  veins  which  open 
into  the  heart  are  covered  for  a  short  distance  with  a  layer  of  striped  muscular  tissue  continued 
on  to  them  from  the  heart.  Muscular  tissue  is  wanting:  (1)  in  the  veins  of  the  maternal  part 
of  the  placenta;  (2)  in  the  venous  sinuses  of  the  dura  mater  and  the  veins  of  the  pia  mater  of 
the  brain  and  medulla  spinalis;  (3)  in  the  veins  of  the  retina;  (4)  in  the  veins  of  the  cancellous 
tissue  of  bones;  (5)  in  the  venous  spaces  of  the  corpora  cavernosa.  The  veins  of  the  above-men¬ 
tioned  parts  consist  of  an  internal  endothelial  lining  supported  on  one  or  more  layers  of  areolar 
tissue. 

Most  veins  are  provided  with  valves  which  serve  to  prevent  the  reflux  of  the  blood.  Each 
▼alve  is  formed  by  a  reduplication  of  the  inner  coat,  strengthened  by  connective  tissue  and  elastic 
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fibers,  and  is  covered  on  both  surfaces  with  endothelium,  the  arrangement  of  which  differs  00 
the  two  surfaces.  On  the  surface  of  the  valve  next  the  wall  of  the  vein  the  cells  are  arranged 
transversely;  while  on  the  other  surface,  over  which  the  current  of  blood  flows,  the  cells  art 
arranged  longitudinally  in  the  direction  of  the  current.  Most  commonly  two  such  valves  are 
found  placed  opposite  one  another,  more  especially  in  the  smaller  veins  or  in  the  larger  trunks 
at  the  point  where  they  are  joined  by  smaller  branches;  occasionally  there  are  three  and  some¬ 
times  only  one.  The  valves  are  semilunar.  They  are  attached  by  their  convex  edges  to  the 
wall  of  the  vein;  the  concave  margins  are  free,  directed  in  the  course  of  the  venous  current,  and 
lie  in  close  apposition  with  the  wall  of  the  vein  as  long  as  the  current  of  blood  takes  its  natural 
course;  if,  however,  any  regurgitation  takes  place,  the  valves  become  distended,  their  opposed 
edges  are  brought  into  contact,  and  the  current  is  interrupted.  The  wall  of  the  vein  on  the 
cardiac  side  of  the  point  of  attachment  of  each  valve  is  expanded  into  a  pouch  or  sinus,  which 
gives  to  the  vessel,  when  injected  or  distended  with  blood,  a  knotted  appearance.  The  valves 
are  very  numerous  in  the  veins  of  the  extremities,  especially  of  the  lower  extremities,  these  vessels 

Endothelium  •  r<rr—  _  -■—■  Hi  % 


Elastic  layer 


. 


Middle 


Fw  /XX). — Section  of  a  medium' sued  vein 


having  to  conduct  the  blood  against  the  force  of  gravity.  They  are  absent  in  the  very  small 
veins,  L  <?.,  those  less  than  2  mm.  in  diameter,  also  in  the  vena;  cavce,  hepatic,  renal,  uterine,  and 
ovarian  veins.  A  few  valves  are  found  in  each  spermatic  vein,  and  one  also  at  its  point  of  jua»> 
tion  with  the  renal  vein  or  inferior  vena  cava  respectively.  The  cerebral  and  spinal  veins,  the 
veins  of  the  cancellated  tissue  of  bone,  the  pulmonary  veins,  and  the  umbilical  vein  and  its 
branches,  are  also  destitute  of  valves.  A  few  valves  are  occasionally  found  in  the  arygos  and 
intercostal  veins.  Rudimentary  valves  are  found  in  the  tributaries  of  the  portal  venous  system. 

The  veins,  like  the  arteries,  are  supplied  with  nutrient  vessels,  vasa  vasorum.  Nerves  also 
are  distributed  to  them  in  the  same  manner  as  to  the  arteries,  but  in  much  less  abundance. 


THE  BLOOD. 

The  blood  is  an  opaque,  rather  viscid  fluid,  of  a  bright  red  or  scarlet  color 
when  it  flows  from  the  arteries,  of  a  dark  red  or  purple  color  when  it  flows  from 
the  veins.  It  is  salt  to  the  taste,  and  has  a  peculiar  faint  odor  arid  au  alkaline 
reaction.  Its  specific  gravity  is  about  l.(K>,  and  its  temperature  is  generally  about 
37°  C.f  though  varying  slightly  in  different  parts  of  the  body. 
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General  Composlitioii  of  Ife©  Bloods-  Blood  con^l^ts  of  a  latotlj:  yefloA  fluid*  the 
pU&m*  or  liquor  sangmois,  iri  which  are  vuspemkd  uitmercms  minute 
the*  blood  corpuscles,  the  majority.  of  which  are  colored  And  give?  to  the  \4p6d  ite 
red  tint.  If. ii  drop>  Of  blood  t>e  placed  in  a  ihm  layer ort  a  glass  sJkb  and  examined 
under  tht  anerosco}^  4  a  number  />£  these  corpuscles w  ill  be seen  floating  m  the 
plasma.  ;  ‘  '  vv  ‘ c  '' 

The  Stood  Corpuscles  are  of 
three  kinds :  H  f  colored  cot- , 

pnscles  or  arTthrocyteK;  (2)  color- 
leas  corpuscles  or  leucocytes;  0) 
blood  platelets,  ./•  v 
t  Colored  oc  rod  corpusctes 
\&r$i  kmcyii# ) ,  when  examined 
or^kt  the  microscope,  are  seer* 
to  W.  circular  disks,  biconcave,  in 
profile.  The  disk  hay  no  aueleus; 
but.  m  eohsexiuenoe  of  its  hieon- 

■  i  /  t  a  ,  j.  n  .  501, — HtMitaii  ml  hlwxl  corpuscW.  HijfeWy  a. 

to  tlic.  alterations  of  tOCUS  U&U<?£  *SSw> fh* '4t$fv§&.  b.  ■  Se*w  In  profile  ftKCilMiro&g  rouiefuji. 
an  ordinary  high  power,  a  antral  hy  w*t"r'  d'  Ro“  <""*  bv  ** 

part,  sometimes  bright,  sometimes 

dark,  which  has  the  appearance  of &  nucleus  .{Fig.  301  ,  a).  It  is  to  the  aggregation 
of  the  ml  eorpusrJes  that  the  blood  owes  its  red  hue,  although  when  /examined 
bv  transmitted  light  their  color  appears  to  he.  only  «,  faint  reddish  yellow.  The 
corpuscles  vary  slightly  hi  size  even  in  the  s&m€  drop  of blued,  but  the  average 
diameter  is  about  7,5m.*  »hd  the  thiekm^  about  Babies  these  there  are 
kimd  eertahi  smaller  etrrpiisdes  of  about one-half  pt  the  me  jmt  indicated; 
ih&ty  are  termed; me roejtes,  and  are  seareedn  nqrm&f ^ blood;  :iu  diseased  'con¬ 
ditions  *f  $»>  anemia),  however,  they  are  more  numerous.  The ^  number  of  red 
^nisdcs  in  the  blood  is  enormous;  between  4*000, (HXJ  and  5,000*000  are  con¬ 
ned  \u  rv  cubic  millimetre.  Tower  states  that  the  ml ' corpuscles  of  an  adult 
^»uid  present  a  t%  aggregate,  surface  of  about  3000  square  yards, 
ff  the  web  of  &ftvhig  frojrk  fppt  be  spread  out  and  examined  under  the  micro* 
'sMpe  the  bfpOti  is  seen  to  ffmv  in  a  cdritimiohs  stream  thyonjiH  the\eSseiat  and  the 
o^rpuscles  show  no  tendencj'  to  adhere  to  each  other  or  to  the  w^dl  of  the  vessel. 
JMulide^tln?  s&meikthe  case  in  the  human  body ;  hut'  when  hhiiumhhxni  is  drawn 
3iti<I  examined  w  a  slide  without  reagents  the  corpuscles  tend  to  cutset  into  heaps 
like  ^uleUtsx  of  coins.  (Fig.  501,  b ).  It  has  been  Suggested  that  this  phenomenon 
may  be  explained  by  ti  iteration  in  surface  tension.  During  life  the  ml  corpiiscles 
may  he  seen  to  change  their  shape  under  pressure  so  as  to  adapt  tlieu selves.,  to 
rtttntj  to  the  size  of  the  vessel.  They  are,  however,  highly1  dastke  and 
ipmlJly  recover  rlieir  sha|>e  when  the  pressure  is,  removal.  rThcy  are  readily 
mtfuen’erd  l>y  the  medium  in  which  they  are.  placed:  In  water  they  swell  up,  lose 
tbfir  shape, ’-ami  become  globular  [vn4fmto*ix)  (Pig.  .501 ,  r).  SMt^cqueuriy  the 
kemticJohin  is  dissolved  op  t .  and  the  envelope,  can  barely  be  dEsthigu  ished  as  a 
}*m  ei&ukiv  outline.  Solutions  of  salt  or  sugar,  denser  tJ\an  the  plasma,  give 
diem  a  stellate  or  erenated  atipi?araiire  50l?\i6(]<v  lijUt'fJki  Usual 

di^pc  nmy  be  restored  by  diluting  the  ^olutmn  to  the  saaje  tcubdty  as  the  plasma. 
Tlui  Vrtiiated  outline  may  be  produce?:)  ns  f  hc  first  of  the  passage  of  an  dee- 

fdr  dmek:  subxitpicinly,  if  .sufficiently  kir$ffi$x  the  shock  ruptures  the  erjvdnpe. 
A  solution  of  salt,  isotomc  with  tlic  plasina,  merely  separates  the  lytijod  corpuscles 
media ijjcally,  without  changing  their  shape.  Two  vines,  arc  held  with  regard  to 
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the  structure  of  the  erythrocytes.  The  older  view,  that  of  Rollett,  supposes  that 
the  corpuscle  consists  of  a  sponge  work  or  stroma  permeated  by  a  solution  of  hemo¬ 
globin.  Schafer,  on  the  other  hand,  believes  that  the  hemoglobin  solution  is  con¬ 
tained  within  an  envelope  or  membrane,  and  the  facts  stated  above  with  regard 
to  the  osmotic  behavior  of  the  erythrocyte  support  this  belief.  The  envelope 
consists  mainly  of  lecithin,  cholesterin,  and  nueleoprotein. 

The  colorless  corpuscles  or  leucocytes  are  of  various  sizes,  some  no  larger,  others 
smaller,  than  the  red  corpuscles.  In  human  blood,  however*  the  majority  are 
rather  larger  than  the  red  corpuscles,  and  measure  about  10*c  in  diameter.  On  the 
average  from  7000  to  12,000  leucocytes  are  found  in  each  cubic  millimetre  of 
blood. 


4*>. 


They  consist  of  minute  masses  of  nucleated  protoplasm,  and  exhibit  several 
varieties,  which  are  differentiated  from  each  other  chiefly  bv  the  occurrence  or 
non-occurrence  of  granules  in  their  protoplasm,  and  by  the  staining  reactions  of 
these  granules  when  present  (Fig,  502).  (1)  The  most  numerous  (60  per  cent.)  and 
important  are  irregular  in  shape,  possessed  of  the  power  of  ameboid  movement, 
and  .are  characterized  by  nuclei  which  often  consist  of  two  or  three  parts  (multi¬ 
partite)  connected  together  by  fine  threads  of  chromatin.  The  protoplasm  is 
clear,  and  contains  a  number  of  very  fine  granules,  which  stain  with  acid  dyes, 
such  as  eosin,  or  with  neutral  dyes,  and  are  therefore  called  oxyphil  or  neutrophil 
(Fig.  502,  P ).  These  cells  are  termed  the  polymorphonuclear  leucocytes.  (2)  A 
second  variety  comprises  from  1  to  4  per  cent,  of  the  leucocytes;  they  are  larger 
than  the  previous  kind,  and  are  made  up  of  coarsely  granular  protoplasm,  the 
granules  being  highly  refraetile  and  grouped  around  single  nuclei  of  horse-shoe 
shape  (Fig.  502,  E).  The  granules  stain  deeply  with  eosin,  and  the  cells  are  there¬ 
fore  often  termed  eosinophil  corpuscles.  (3)  The  third  variety  is  called  the  hyaline 
cell  or  macrocyte  (Fig.  502,  //).  This  is  usually  about  the  same  size  as  the  eosino¬ 
phil  cell,  and,  when  at  rest,  is  spherical  in  shape  and  contains  a  single  round  or 
oval  nucleus.  The  protoplasm  is  free  from  granules,  but  is  not  quite  transparent, 
having  the  appearance  of  ground  glass.  (4)  The  fourth  kind  of  colorless  corpuscle 
is  designated  the  lymphocyte  (Fig.  502,  L),  because  it  is  identical  with  the  cell  derived 
from  the  lymph  glands  or  other  lymphoid  tissue.  It  is  the  smallest  of  the  leuco¬ 
cytes,  and  consists  chiefly  of  a  spheroidal  nucleus  with  a  very  little  surrounding 
protoplasm  of  a  homogeneous  nature;  it  is  regarded  as  the  immature  form  of  the 
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hyaline  cell.  The  third  and  fourth  varieties  together  constitute  from  20  to  30 
per  cent,  of  the  colorless  corpuscles,  but  of  these  two  varieties  the  lymphocytes 
are  by  far  the  more  numerous.  Leucocytes  having  in  their  protoplasm  granules 
which  stain  with  basic  dyes  (basophil)  have  been  described  as  occurring  in  human 
blood,  but  they  are  rarely  found  except  in  disease. 

The  colorless  corpuscles  are  very  various  in  shape  in  living  blood  (Fig.  503), 
because  many  of  them  have  the  power  of  constantly  changing  their  form  by  pro¬ 
truding  finger-shaped  or  filamentous  processes  of  their  substance,  by  which  they 
move  and  take  up  granules  from  the  surrounding  medium.  In  locomotion  the 
corpuscle  pushes  out  a  process  of  its  substance — a  pseudopodium,  as  it  is  called 


Fia.  503.— Human  colorless  blood  corpuscle,  showing  its  successive  changes  of  outline  within  ten  minutes  when  kept 

moist  on  a  warm  stage.  (Schofield.) 


—and  then  shifts  the  rest  of  the  body  into  it.  In  the  same  way  when  any  granule 
or  particle  comes  in  its  way  the  corpuscle  wraps  a  pseudopodium  around  it,  and  then 
withdraws  the  pseudopodium  with  the  contained  particle  into  its  own  substance. 
By  means  of  these  ameboid  properties  the  cells  have  the  power  of  wandering 
or  emigrating  from  the  bloodvessels  by  penetrating 
their  walls  and  thus  finding  their  way  into  the  ex- 
travascular  spaces.  A  chemical  investigation  of 
the  protoplasm  of  the  leucocytes  shows  the  pres¬ 
ence  of  nucleoprotein  and  of  a  globulin.  The,  oc¬ 
currence  of  small  amounts  of  fat,  lecithin,  and 
glycogen  may  also  be  demonstrated. 

The  blood  platelets  (Fig.  504)  are  discoid  or  irreg¬ 
ularly  shaped,  colorless,  refractile  bodies,  much 
smaller  than  the  red  corpuscles.  Each  contains  a 
central  chromatin  mass  resembling  a  nucleus. 

Blood  platelets  possess  the  power  of  ameboid  move¬ 
ment.  When  blood  is  shed  they  rapidly  disintegrate 
and  form  granular  masses,  setting  free  prothrombin 
and  the  substance  called  by  Howell  thromboplastin. 

It  is  doubtful  whether  they  exist  normally  in  circu¬ 
lating  blood. 

THE  THORACIC  CAVITT. 


Fig.  604. — Blood  platelets.  Highly 
magnified.  (After  Kopsch.) 


The  heart  and  lungs  are  situated  in  the  thorax,  the  walls  of  which  afford  them 
protection.  The  heart  lies  between  the  two  lungs,  and  is  enclosed  within  a  fibrous 
bag,  the  pericardium,  while  each  lung  is  invested  by  a  serous  membrane,  the  pleura. 
The  skeleton  of  the  thorax,  and  the  shape  and  boundaries  of  the  cavity,  have  already 
been  described  (page  115). 

The  Cavity  of  the  Thorax. — The  capacity  of  the  cavity  of  the  thorax  does  not 
correspond  with  its  apparent  size  externally,  because  (1)  the  space  enclosed  by 
the  lower  ribs  is  occupied  by  some  of  the  abdominal  viscera;  and  (2)  the  cavity 
extends  above  the  anterior  parts  of  the  first  ribs  into  the  neck.  The  size  of  the 
thoracic  cavity  is  constantly  varying  during  life  with  the  movements  of  the  ribs 
and  diaphragm,  and  with  the  degree  of  distention  of  the  abdominal  viscera. 
From  the  collapsed  state  of  the  lungs  as  seen  when  the  thorax  is  opened  in  the  dead 
body,  it  would  appear  as  if  the  viscera  only  partly  filled  the  cavity,  but  during 
life  there  is  no  vacant  space,  that  which  is  seen  after  death  being  filled  up  by  the 
expanded  lungs. 
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The  Upper  Opening  of  the  Thorax. — The  parts  which  pass  through  the  upper 
opening  of  the  thorax  are,  from  before  backward,  in  or  near  the  middle  line,  the 
Sternohyoideus  and  Sternothyreoideus  muscles,  the  remains  of  the  thymus,  the 
inferior  thyroid  veins,  the  trachea,  esophagus,  thoracic  duct,  and  the  Longus 
colli  muscles;  at  the  sides,  the  innominate  artery,  the  left  common  carotid,  left 
subclavian  and.  internal  mammary  arteries  and  the  costocervical  trunks,  the 
innominate  veins,  the  vagus,  cardiac,  phrenic,  and  sympathetic  nerves,  the  greater 
parts  of  the  anterior  divisions  of  the  first  thoracic  nerves,  and  the  recurrent  nerve 
of  the  left  side.  The  apex  of  each  lung,  covered  by  the  pleura,  also  projects 
through  this  aperture,  a  little  above  the  level  of  the  sternal  end  of  the  first  rib. 

The  Lower  Opening  of  the  Thorax. — The  lower  opening  of  the  thorax  is  wider 
transversely  than  from  before  backward.  It  slopes  obliquely  downward  and  back¬ 
ward,  so  that  the  thoracic  cavity  is  much  deeper  behind  than  in  front.  The  dia¬ 
phragm  (see  page  405)  closes  the  opening  and  forms  the  floor  of  the  thorax.  The 
floor  is  flatter  at  the  center  than  at  the  sides,  and  higher  on  the  right  side  than  on 
the  left;  in  the  dead  body  the  right  side  reaches  the  level  of  the  upper  border  of 
the  fifth  costal  cartilage,  while  the  left  extends  only  to  the  corresponding  part 
of  the  sixth  costal  cartilage.  From  the  highest  point  on  each  side  the  floor  slopes 
suddenly  downward  to  the  costal  and  vertebral  attachments  of  the  diaphragm; 
this  slope  is  more  marked  behind  than  in  front,  so  that  only  a  narrow  space  is  left 
between  the  diaphragm  and  the  posterior  wall  of  the  thog&x. 

THE  PERICARDIUM. 

The  pericardium  (Fig.  505)  is  a  fibro-serous  sac,  in  which  the  heart  and  the  roots 
of  the  great  vessels  are  contained.  It  is  placed  behind  the  sternum  and  the  car¬ 
tilages  of  the  third,  fourth,  fifth,  sixth,  and  seventh  ribs  of  the  left  side,  in  the 
mediastinum. 

In  front,  it  is  separated  from  the  anterior  wall  of  the  thorax,  in  the  greater  part 
of  its  extent,  by  the  lungs  and  pleura;  but  a  small  area,  somewhat  variable  in  size, 
and  usually  corresponding  with  the  left  half  of  the  lower  portion  of  the  body  of 
the  sternum  and  the  medial  ends  of  the  cartilages  of  the  fourth  and  fifth  ribs  of 
the  left  side,  comes  into  direct  relationship  with  the  chest  wall.  The  lower  extrem¬ 
ity  of  the  thymus,  in  the  child,  is  in  contact  with  the  front  of  the  upper  part  of 
the  pericardium.  Behind,  it  rests  upon  the  bronchi,  the  esophagus,  the  descending 
thoracic  aorta,  and  the  posterior  part  of  the  mediastinal  surface  of  each  lung. 
Laterally,  it  is  covered  by  the  pleura,  and  is  in  relation  with  the  mediastinal  sur¬ 
faces  of  the  lungs;  the  phrenic  nerve,  with  its  accompanying  vessels,  descends 
between  the  pericardium  and  pleura  on  either  side.  The  inner  surface  of  the  peri¬ 
cardium  is  in  contact  with  the  heart  and  roots  of  the  great  vessels. 

Structure  of  the  Pericardium. — It  consists  of  an  inner  serous  layer  and  an  outer  fibrous  layer. 
The  inner  serous  layer  is  a  delicate  membrane  composed  of  a  single  layer  of  flattened  mesotheiial 
cells  resting  on  loose  connective  tissue  which  connects  it  with  the  fibrous  layer. 

The  serous  layer  is  continuous  with  the  epicardium  at  the  junction  of  the  pericardium  and  the 
great  vessels  of  the  heart.  The  epicardium  covers  the  heart  and  great  vessels.  The  enclosed  sac, 
the  pericardial  cavity,  is  merely  a  potential  space.  Under  normal  conditions  the  serous  layer  of  the 
pericardium  is  everywhere  in  contact  with  the  serous  layer  of  the  epicardium  and  the  contact 
surfaces  are  moistened  by  a  slight  amount  of  serous  fluid. 

The  portion  of  the  epicardium  which  covers  the  vessels  is  arranged  in  the  form  of  two  tubes. 
The  aorta  and  pulmonary  artery  are  enclosed  in  one  tube,  the  arterial  mesocardium.  The  superior 
and  inferior  venae  cavae  and  the  four  pulmonary  veins  are  enclosed  in  a  second  tube,  the  venous 
mesocardium,  the  attachment  of  which  to  the  parietal  layer  presents  the  shape  of  an  inverted  U. 
The  cul-de-sac  enclosed  between  the  limbs  of  the  U  lies  behind  the  left  atrium  and  is  known  as 
the  oblique  sinus,  while  the  passage  between  the  venous  and  arterial  mesocardia — i.  e.,  between 
the  aorta  and  pulmonary  artery  in  front  and  the  atria  behind — is  termed  the  transverse  sinus. 
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The  fibrous  layer  forms  a  flask-shaped  bag,  the  neck  of  which  is  closed  by  its  fusion  with  the 
external  coats  of  the  groat  vessels,  while  its  base  is  attached  to  the  central  tendon  and  the  mus¬ 
cular  fibers  of  the  left  side  of  t  he  diaphragm.  In  some  of  t  he  lower  mammals  the  base  is  either  com¬ 
pletely  separated  from  the  diaphragm  or  joined  to  it  by  some  loose  areolar  tissue;  in  man  much 
of  its  diaphragmatic  attachment  consists  of  loose  fibrous  t  issue  which  can  be  readily  broken  down, 
hut  over  a  small  area  the  central  tendon  of  the  diaphragm  and  the  pericardium  arc  completely 
fused.  Above,  the  fibrous  layer  not  only  blends  with  the  external  coats  of  the  great  vessels,  but  is 
continuous  with  the  pretracheal  layer  of  the  deep  cervical  fascia,  By  means  of  these  upper  and 
lower  connections  it  is  securely  anchored  within  the  thoracic  cavity.  It  is  also  attached  to  the  pos¬ 
terior  surface  of  the  sternum  by  the  superior  and  inferior  sternoperic&rdiac  ligaments ;  the  upper 
passing  to  the  manubrium,  and  the  lower  to  the  xiphoid  process. 
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P-Mterior  wall  of  the  pericardial  sac.  showing  the  linos  of  reflection  of  ike  serous  pericardium 
on  the  groat  voxels 


The  vessels  receiving  fibrous  prolongations  from  this  membrane  are:  the  aorta,  the  superior 
v«ia  f'uva,  the  right  and  left  pulmonary'  arteries,  and  the  four  pulmonary  veins.  The  inferior 
cava  enters  the  pericardium  through  the  central  tendon  of  the  diaphragm,  and  receives 
co  covering  from  the  fibrous  layer. 

Tbs  Ligament  of  the  Left  Vena  Cava. — Between  the  left  pulmonary  artery  and  subjacent 
pulmonary  vein  is  a  triangular  fold  of  the  serous  pericardium;  it  is  known  as  the  ligament  of  the 
left  vena  cava  UxMigml  fold  of  Marshall).  It  is  formed  by  the  duplicaturc  of  the  serous  layer 
over  the  remnant  of  the  lower  part  of  the  left  superior  vena  cava  {duct  of  C timer),  which  becomes 
obliterated  during  fetal  life,  and  remains  a»s  a  fibrous  band  stretching  from  the  highest  left  inter- 
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costal  vein  to  the  left  atrium,  where  it  is  continuous  with  a  small  vein,  the  vein  of  the  left  atrium 
(oblique  vein  of  Marshall ),  which  opens  into  the  coronary  sinus. 

The  arteries  of  the  pericardium  are  derived  from  the  internal  mammary  and  its  musculo 
phrenic  branch,  and  from  the  descending  thoracic  aorta. 

The  nerves  of  the  percardium  are  derived  from  the  vagus  and  phrenic  nerves,  and  the  sympa¬ 
thetic  trunks. 

THE  HEART  (COR). 

The  heart  is  a  hollow  muscular  organ  of  a  somewhat  conical  form;  it  lies  between 
the  lungs  in  the  middle  mediastinum  and  is  enclosed  in  the  pericardium  (Fig.  r506). 
It  is  placed  obliquely  in  the  chest  behind  the  body  of  the  sternum  and  adjoining 
parts  of  the  rib  cartilages,  and  projects  farther  into  the  left  than  into  the  right 
half  of  the  thoracic  cavity,  so  that  about  one-third  of  it  is  situated  on  the  right 
and  two-thirds  on  the  left  of  the  median  plane. 

Size. — The  heart,  in  the  adult,  measures  about  12  cm.  in  length,  8  to  9  cm.  io 
breadth  at  the  broadest  part,  and  6  cm.  in  thickness.  Its  weight,  in  the  male, 
varies  from  280  to  340  grams;  in  the  female,  from  230  to  280  grams.  The  heart 
continues  to  increase  in  weight  and  size  up  to  an  advanced  period  of  life;  this 
increase  is  more  marked  in  men  than  in  women. 
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Fjo.  50»>. — Front  view  of  heart  and  lungs. 


Component  Parts. — As  has  already  been  stated  (page  499),  the  heart  is  sub¬ 
divided  by  septa  into  right  and  left  halves,  and  a  constriction  subdivides  each 
half  of  the  organ  into  two  cavities,  the  upper  cavity  being  called  the  atrium,  the 
lower  the  ventricle.  The  heart  therefore  consists  of  four  chambers,  viz.,  right  and 
left  atria,  and  right  and  left  ventricles. 

The  division  of  the  heart  into  four  cavities  is  indicated  on  its  surface  by  grooves. 
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The  atria  are  separated  from  the  ventricles  by  the  coronary  sulcus  {auriculo- 
terdricular  groove);  this  contains  the  trunks  of  the  nutrient  vessels  of  the  heart, 
and  is  deficient  in  front,  where  it  is  crossed  bv  the  root  of  the  pulmonary  artery. 
The  interatrial  groove,  separating  the  two  atria,  is  scarcely  marked  on  the  posterior 
surface,  while  anteriorly  it  is  hidden  by  the  pulmonary  artery  and  aorta.  The 
ventricles  are  separated  by  two  grooves,  one  of  which,  the  anterior  longitudinal 
sulcus,  is  situated  on  the  sternocostal  surface  of  the  heart,  close  to  its  left  margin, 
the  :>ther  posterior  longitudinal  sulcus,  on  the  diaphragmatic  surface  near  the  right 
margin;  these  grooves  extend  from  the  base  of  the  ventricular  portion  to  a  notch, 
the  incisura  apicis  cordis,  on  the  acute  margin  of  the  heart  just  to  the  right  of  the 
apex. 
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Vxa.  507. — Base  ami  diaphragmatic  surface  of  heart 

The  base  (basis  cordis)  (Fig.  507),  directed  upward,  backward,  and  to  the  right, 
is  separated  from  the  fifth,  sixth,  seventh,  and  eighth  thoracic  vertebra,  by  the 
esophagus,  aorta,  and  thoracic  duct.  It  is  formed  mainly  by  the  left  atrium, 
and,  to  a  small  extent,  by  the  back  part  of  the  right  atrium.  Somewhat  quadri¬ 
lateral  in  form,  it  is  in  relation  above  with  the  bifurcation  of  the  pulmonary  artery, 
and  is  bounded  below  by  the  posterior  part  of  the  coronary  sulcus,  containing  the 
coronary  sinus.  On  the  right  it  is  limited  by  the  sulcus  terminal  is  of  the  right 
atrium,  and  on  the  left  by  the  ligamentof  the  left  vena  cava  and  the  oblique  vein 
of  the  left  atrium.  The  four  pulmonary  veins,  two  on  either  side,  open  into  the 
left  atrium,  while  the  superior  vena  cava  opens  into  the  upper,  and  the  anterior 
vena  cava  into  the  lower,  part  of  the  right  atrium. 

The  Apex  (apex  cordis). — The  apex  is  directed  downward,  forward,  and  to  the 
jcft,  and  is  overlapped  by  the  left  lung  and  pleura:  it  lies  behind  the  fifth  left 
intercostal  space,  S  to  9  cm.  from  the  mid-sternal  line,  or  about  4  cm.  below  and 
2  mm.  to  the  medial  side  of  the  left  mammary  papilla. 
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The  sternocostal  surface  (Fig,  508)  is  directed  forward,  upward,  and  to  the  left 
Its  lower  part  is  convex,  formed  chiefly  by  the  right  ventricle,  and  traversed  near 
its  left  margin  by  the  anterior  longitudinal  sulcus.  Its  upper  part  is  separated  from 
the  lower  by  the  coronary  sulcus,  and  is  formed  by  the  atria ;  it  presents  a  deep 
concavity  (Fig.  510),  occupied  by  the  ascending  aorta  and  the  pulmonary  artery. 

The  diaphragmatic  surface  (Fig.  507),  directed  downward  and  slightly  backward, 
is  formed  by  the  ventricles,  and  rests  upon  the  central  tendon  and  a  small  part  of 
the  left  muscular  portion  of  the  diaphragm.  It  is  separated  from  the  base  bv 
the  posterior  part  of  the  coronary  sulcus,  and  is  traversed  obliquely  by  the  posterior 
longitudinal  sulcus. 

The  right  margin  of  the  heart  is  long,  arid  is  formed  by  the  right  atrium  above 
and  the  right  ventricle  below.  The  atrial  portion  is  rounded  and  almost  vertical; 
it  is  situated  behind  the  third,  fourth,  and  fifth  right  costal  cartilages  about 
1.25  cm.  from  the  margin  of  the  sternum.  The  ventricular  portion,  thin  and  sharp, 
is  named  the  acute  margin;  it  is  nearly  horizontal,  and  extends  from  the  sternal 
end  of  the  sixth  right  costal  cartilage  to  the  apex  of  the  heart. 
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Fig.  508. — Sternocostal  aurface  of  heart. 


The  left  or  obtuse  margin  is  shorter,  full,  and  rounded:  it  is  formed  mainly  by 
the  left  ventricle,  but  to  a  slight  extent,  above,  by  the  left  atrium.  It  extends 
from  a  point  in  the  second  left  intercostal  space,  about  2.5  mm.  from  the  sternal 
margin,  obliquely  downward,  with  a  convexity  to  the  left,  to  the  apex  of  the  heart. 

Right  Atrium  (atrium  dextrum;  right  auricle)  —  The  right  atrium  is  larger  than 
the  left,  but  its  walls  are  somewhat  thinner,  measuring  about  2  ram.;  its  cavity 
is  capable  of  containing  about  57  c.tv  It  consists  of  two  parts:  a  principal  cavity, 
or  sinus  venarum,  situated  posteriorly,  and  an  anterior,  smaller  portion,  the  auricula. 

Sinus  Venarum  (sinus  venoms) . — The  sinus  venarum  is  the  large  quadrangular 
cavity  placed  between  the  two  venae  cavje.  Iks  walls,  which  are  extremely  thin, 
are  connected  below  with  the  right  ventricle,  and  medially  with  the  left  atrium, 
but  are  free  in  the  rest  of  their  extent. 
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tortonU  (mricula  dfjdra;  right  auricular  appeudh),—Thv,  snricwl &  is  a  small 
fooioal  mukcfthir  pouch,  the  margins  of  which  present  a  dcntafod  edge,  It  projects 
from  the  tipper  and  front  part  of  the  sinus  forward  and  toward  the  left  side,  over- 
iajipinc  the  r*a>t  of  the  aorta.  ■  <  ■ 

The  .-eparation  of  the  auricula  from  the  sinus  venaryni  is  indicated  externally 
hj  h  groove,  the  terminal  solcisa,  Which  extends  from  the  fom*  of  the  superior  vena 
am*  fo  the  front,  of .  the  inferior  vena  c avt*,  and  rejire^eafs  the  tine  of  lUifoit  »f  the 
sinus  veiKisus  of  the  emhryo  with  the  primitive atrium.  6n  tlm  itjtpisr  wall  Of  the 
atrium  the  sepiitatton is  marked hj\»  ridge-,  the  terminal 

clash  Behind  the  crest  the  internal  surface  of  the  atrium  is  smooth,  while  in  front 
»( it  the  muscular  filters  of  the  w  all  are  raises!  into  parallel  ridges  'resembling  the 
teeth  of  a  comb,  and  hence  named  the  rouactili  peqtm&tt.  '• 

Its  interior  (Fig,  509)  presents  the  following  parts  for  exaihination: 

f  Superior  vena  cava 

I  Inferior  vena  oava. 

(1  ..  .  I  Coronary  sinus. 

;  Foramina  venarum 
minimaruiti. 

Atrioventricular. 

'  Fossa  ovalis.  ■ 

lirolfUS  fossae  oi'alis, 

Itttervvnoav  inforrtie. 

Musculi  peetinfett. 

Crista  tefmimtii*. 

:  ~  c  V<£*.  -fi&tnomry  vaitie 


i  Valve  of  the,  inferior  vena  cava 
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The  superior  vena  cava  returns  the  blood  from  the  upper  half  of  the  body  ,  and 
opens  into  the  upper  and  baok  part  of  the  arrinm,  the  direction  of  its  prihee  being 
downward  and  forward.  Its  opening  tu\§  no  valve, 

The  Manor  vena  cava,  Jatger  than  the  superipf,  retnrn.s  tbe  blood  from  the 
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lower  half  of  the  body,  and  opens  into  the  lowest  part  of  the  atrium,  near  the 
atrial  septum,  its  orifice  being  directed  upward  and  backward,  and  guarded  by 
a  rudimentary  valve,  the  valve  of  the  inferior  vena  cava  ( Eustachian  valve).  The 
blood  entering  the  atrium  through  the  superior  vena  cava  is  directed  downward 
and  forward,  i.  e.,  toward  the  atrioventricular  orifice,  while  that  entering  through 
the  inferior  vena  cava  is  directed  upward  and  backward,  toward  the  atrial  septum. 
This  is  the  normal  direction  of  the  two  currents  in  fetal  life. 

The  coronary  sinus  opens  into  the  atrium,  between  the  orifice  of  the  inferior 
vena  cava  and  the  atrioventricular  opening.  It  returns  blood  from  the  substance 
of  the  heart  and  is  protected  by  a  semicircular  valve,  the  valve  of  the  coronary 
sinus  ( valve  of  Thebesius). 

The  foramina  venarum  minim  arum  (foramina  Thebesii)  are  the  orifices  of  minute 
veins  (r ence  cordis  minima),  which  return  blood  directly  from  the  muscular  sub¬ 
stance  of  the  heart. 

The  atrioventricular  opening  (tricuspid  orifice )  is  the  large  oval  aperture  of  com¬ 
munication  between  the  atrium  and  the  ventricle;  it  will  be  described  with  the 
right  ventricle. 

The  valve  of  the  inferior  vena  cava  (valvula  venae  cavce  inferioris  [Enstachii]; 
Eustachian  valve)  is  situated  in  front  of  the  orifice  of  the  inferior  vena  cava.  It 
is  semilunar  in  form,  its  convex  margin  being  attached  to  the  anterior  margin 
of  the  orifice;  its  concave  margin,  which  is  free,  ends  in  two  cornua,  of  which 
the  left  is  continuous  with  the  anterior  edge  of  the  limbus  fossae  ovalis  while 
the  right  is  lost  on  the  wall  of  the  atrium.  The  valve  is  formed  by  a  duplicature 
of  the  lining  membrane  of  the  atrium,  containing  a  few  muscular  fibers.  In  the 
fetus  this  valve  is  of  large  size,  and  serves  to  direct  the  blood  from  the  inferior 
vena  cava,  through  the  foramen  ovale,  into  the  left  atrium,  in  the  adult  it  occa¬ 
sionally  persists,  and  may  assist  in  preventing  the  reflux  of  blood  into  the  inferior 
vena  cava;  more  commonly  it  is  small,  and  may  present  a  cribriform  or  filamentous 
appearance;  sometimes  it  is  altogether  wanting. 

The  valve  of  the  coronary  sinus  (valvula  sinus  coronarii  [Thebesii];  Thebesian 
valve)  is  a  semicircular  fold  of  the  lining  membrane  of  the  atrium,  at  the  orifice  of 
the  coronary  sinus.  It  prevents  the  regurgitation  of  blood  into  the  sinus  during  the 
contraction  of  the  atrium.  This  valve  may  be  double  or  it  may  be  cribriform. 

The  fossa  ovalis  is  an  oval  depression  on  the  septal  wall  of  the  atrium,  and  corre¬ 
sponds  to  the  situation  of  the  foramen  ovale  in  the  fetus.  It  is  situated  at  the  lower 
part  of  the  septum,  above  and  to  the  left  of  the  orifice  of  the  inferior  vena  cava. 

The  limbus  fosste  ovalis  (annulus  ovalis)  is  the  prominent  oval  margin  of  the  fossa 
ovalis.  It  is  most  distinct  above  and  at  the  sides  of  the  fossa;  below,  it  is  deficient. 
A  small  slit-like  valvular  opening  is  occasionally  found,  at  the  upper  margin  of 
the  fossa,  leading  upward  beneath  the  limbus,  into  the  left  atrium;  it  is  the  remains 
of  the  fetal  aperture  between  the  two  atria. 

The  intervenous  tubercle  (tuberculum  intervenosum;  tubercle  of  Lower)  is  a  small 
projection  on  the  posterior  wall  of  the  atrium,  above  the  fossa  ovalis.  It  is  distinct 
in  the  hearts  of  quadrupeds,  but  in  man  is  scarcely  visible.  It  was  supposed  by 
Lower  to  direct  the  blood  from  the  superior  vena  cava  toward  the  atrioventricular 
opening. 

Right  Ventricle  (ventriculus  dexter). — The  right  ventricle  is  triangular  in  form, 
and  extends  from  the  right  atrium  to  near  the  apex  of  the  heart.  Its  antero- 
superior  surface  is  rounded  and  convex,  and  forms  the  larger  part  of  the  sterno¬ 
costal  surface  of  the  heart.  Its  under  surface  is  flattened,  rests  upon  the  dia¬ 
phragm,  and  forms  a  small  part  of  the  diaphragmatic  surface  of  the  heart.  Its 
posterior  wall  is  formed  by  the  ventricular  septum,  which  bulges  into  the  right 
ventricle,  so  that  a  transverse  section  of  the  cavity  presents  a  semilunar  outline. 
Its  upper  and  left  angle  forms  a  conical  pouch,  the  conus  arteriosus,  from  which 
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the  pulmonary  artery  arises.  A  tendinous  band,  which  may  be  named  the  tendon 
of  the  conus  arteriosus,  extends  upward  from  the  right  atrioventricular  fibrous 
ring  and  connects  the  posterior  surface  of  the  conus  arteriosus  to  the  aorta.  The 
wall  of  the  right  ventricle  is  thinner  than  that  of  the  left,  the  proportion  between 
them  being  as  1  to  3;  it  is  thickest  at  the  base,  and  gradually  becomes  thinner 
toward  the  apex.  The  cavity  equals  in  size  that  of  the  left  ventricle,  and  is 
capable  of  containing  about  85  c.c. 

Its  interior  (Fig.  509)  presents  the  following  parts  for  examination: 


r,  .  /Right  atrioventricular. 
0pen,ngs  t  Pulmonary  artery. 
Trabecul®  carne®. 


Valves  JTricusPid- 
s  (Pulmonary. 

Chord®  tendine®. 


The  right  atrioventricular  orifice  is  the  large  oval  aperture  of  communication 
between  the  right  atrium  and  ventricle.  Situated  at  the  base  of  the  ventricle, 
it  measures  about  4  cm.  in  diameter  and  is  surrounded  by  a  fibrous  ring,  covered 
by  the  lining  membrane  of  the  heart  ;  it  is  considerably  larger  than  the  correspond¬ 
ing  aperture  on  the  left  side,  being  sufficient  to  admit  the  ends  of  four  fingers 
It  is  guarded  by  the  tricuspid  valve. 

The  opening  of  the  pulmonary  artery  is  circular  in  form,  and  situated  at  the 
summit  of  the  conus  arteriosus,  close  to  the  ventricular  septum.  It  is  placed  above 
and  to  the  left  of  the  atrioventricular  opening,  and  is  guarded  by  the  pulmonary 
semilunar  valves. 

The  tricuspid  valve  ( valvula  tricuspidalis)  (Figs.  509,  511)  consists  of  three  some¬ 
what  triangular  cusps  or  segments.  The  largest  cusp  is  interposed  between  the 
atrioventricular  orifice  and  the  conus  arteriosus  and  is  termed  the  anterioror  infundib¬ 
ular  cusp.  A  second,  the  posterior  or  marginal  cusp,  is  in  relation  to  the  right  margin 
of  the  ventricle,  and  a  third,  the  medial  or  septal  cusp,  to  the  ventricular  septum. 
They  are  formed  by  duplicatures  of  the  lining  membrane  of  the  heart,  strengthened 
by  intervening  layers  of  fibrous  tissue:  their  central  parts  are  thick  and  strong, 
their  marginal  portions  thin  and  translucent,  and  in  the  angles  between  the  latter 
small  intermediate  segments  are  sometimes  seen.  Their  bases  are  attached  to  a 
fibrous  ring  surrounding  the  atrioventricular  orifice  and  are  also  joined  to  each  other 
so  as  to  form  a  continuous  annular  membrane,  while  their  apices  project  into  the 
ventricular  cavity.  Their  atrial  surfaces,  directed  toward  the  blood  current  from 
the  atrium,  are  smooth;  their  ventricular  surfaces,  directed  toward  the  wall  of  the 
ventricle,  are  rough  and  irregular,  and,  together  with  the  apices  and  margins  of 
the  cusps,  give  attachment  to  a  number  of  delicate  tendinous  cords,  the  chord® 
tending® 

The  tr&becul®  came®  ( columnce  camece)  are  rounded  or  irregular  muscular 
columns  which  project  from  the  whole  of  the  inner  surface  of  the  ventricle,  with 
the  exception  of  the  conus  arteriosus.  They  are  of  three  kinds:  some  are  attached 
along  their  entire  length  on  one  side  and  merely  form  prominent  ridges,  others 
are  fixed  at  their  extremities  but  free  in  the  middle,  while  a  third  set  ( musculi 
papUlares )  are  continuous  by  their  bases  with  the  wall  of  the  ventricle,  while  their 
apices  give  origin  to  the  chord®  tendine®  which  pass  to  be  attached  to  the  seg¬ 
ments  of  the  tricuspid  valve.  There  are  two  papillary  muscles,  anterior  and  pos¬ 
terior:  of  these,  the  anterior  is  the  larger,  and  its  chord®  tendine®  are  connected 
with  the  anterior  and  posterior  cusps  of  the  valve:  the  posterior  papillary  muscle 
sometimes  consists  of  two  or  three  parts;  its  chord®  tendine®  are  connected 
with  the  posterior  and  medial  cusps.  In  addition  to  these,  some  chord®  tendine® 
spring  directly  from  the  ventricular  septum,  or  from  small  papillary  eminences  on  it, 
and  pass  to  the  anterior  and  medial  cusps.  A  muscular  band,  well-marked  in  sheep 
and  some  other  animals,  frequently  extends  from  the  base  of  the  anterior  papillary 
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muscle  to  the  ventricular  septum.  From  its  attachments  it  may  assist  in  litvvenU^ 
(ivcrdistcMsimr  pi  the  ventricle.  has  been  *«»»»«$  the  moderator  band.  \ 

The  puinionary  semilunar  valves  (Fig.  510)  are  three  in  number,  t'vo  iu  from 
aritr  Ofie  hehifuli  tprnjed ,  b  j"  pf ;  tfevlinuig  iiletchraOe,  stfewgtheuwi  -I 

by  fibrous  tissue,  They  ary  attached',  by  their  eoiives  margin?,  to  the  wall  of  U« 
artery,  at  its  junction,  with  the  ventricle,  their  free  borders  being  directed  upward 
into  the  lumen  of  the  vessel.  The  free  and  attached  murgi ns  of  each  are  strength¬ 
ened  by  tendinous .fibers,  and  the  former  presents,  iri  its  middle,  u  thickened  nodule 
(corpus  A.ranlii).  From  this  nodule  tendinous  fibers  radiate  through  the  segment 
to  its  attached  margin,,  but  arc  absent  from  t  wo  narrow  crescentic  portions,  the 
lunulae,  placed  nhe  on  either  side  of  the  nodule  immediately  adjoining  the  free 
margin.  Between  the  .semilunar  valves  and  the  Wail  of  the  pulmonary  -artery  are 

three  pouches  or  sinuses  (jrho/.rrs- r,,/.o)o-n}, 

■iniiiMiiwniriiiii 


X^ooryj |i# 


fiW  vf  ventrirfU*  r^poa**!  <ry 

t'c  :vO  .  of  tius.  atria. 


Lfft  Attijam  fyji  — Tte  lef£  atrhim  h  rather 

tWn  tlio  .jfigl'ii,  hut  its  w«i!-v&rc;  thicker Jnhimtiug  about  A  rnru.:  it  vor&.ki^  like 
the  right,  of  two  parts.,  a  principal  cavity  anil  an  auricula 

The  principal  cavity  i?3  i n U>d| ,  lei  front,  pul* 

monarv  urten;  aud  aorta ;  in  front  and  to  the  right  it.  is. depurated  from  the  right, 
atrium  by  the  n t ria I  sej >t xi tii ;  operiJTi^hitoTt  on  -  ei'thef''sMiC';'are  the  twi*  piiimomiry 

Wh' 

''  Auricula  Iff l  vum-iMr  —The  auricvilg  ^/somewhat 

constricted  at  its  junethoi  with  the  principal  cavity:  it  is  longer,  narrower,  turd  more 
curved  than  that  of  the  right  aide*  aod  it s  mn rgin.s  are  more  deeply  indented.  It 
i$  ilirectyd  forward  and  toward  the  right  and  overlap*  the  root  of  tho  piibm>uary 
artery. 

The  interior  of  the  hdt  atrium  tPigy  512)  presents  the  foffowing' paife'ISr 
cxruniuauon 

Of>euings  of  the  four  puinK^tfiry  veifis. 

Left  atrif)vvntrieubjr  opeihi!g. 

Silu^culi  poctipati. 
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The  pulmcm&ry  vei&s*  m  t>pqp  into  the  upper  part  of  the  posterior 

.surface  of  the  left  $.tshm\-Awi  ou  either  side  of  m ,.cn.&jdie  line-  they  are  not 
provided  with  valves.  The  two  left  vein?.  frequently  etid  Uy  r*  eoiumon  tVpetictijgi 

The  left ' t$  the  n>i>ertur£  ftgtrcretf  the  left  atrium  and 
reetriele.  und  m  firth  cr  Waller  tiuu»  the  enrresp'n tiding  opening  on  the  right  side. 

The  muscttU  pectm&fci,  fewer  arid  smaller  than  in  the  right  ajurhhala*.  are •  confined 
fathe  inner  surface  of  the  auricula. 

Oti  the  atria!  sepitom  may  be  seen  a  luuated  impression,  bottnd^i  bel^v  by  a 
ere^erdie  ridge..  the  roncavity  -of  .which  is  turned  upward.  The  depression.,  is 
just  above  the  fossa  oval  is  of  the  right  atrium. 


w 


'jf.  ^ -^*1  xi Wr *»* J"  lot  aidf>  uj C  hfc»/v 


■  t*ft Ventricle  ijrK*arieulm^tAh-f.).--rtlw  left  ventricle  js.Jongcr  nod  iwmctmieaJ 
.ii  than  tin-  right.  mid  «ite  teansverse  section  its  ooueayit^  pri&enls  »n  oval 
or  usariy  cipctilar  tStiline.  It  fewtist  a  small  part  of  the  sferHooVtal  Surfnee  and  ft 
•or.-tcieraijle  pai*t  of  the  diaphragmatic  surface  of  the  heart;  it  a  Ur  forms  the  apex 
of  the  heart.  Its  walls  area  bom  three  times  as  thick  as  those  of  the  right  \  tutride. 

It<  interior  (  Fig.  .'»)  2)  presents  the  following  paifix  t‘r<r  examiiiatitm : 

f-lvl  ■  <  Uft  atriov'eiitricnhir.  .  Uiieuspid  or  Mitrai. 

Openings  <  A0rtjc . 4>pm  *  Uteri'  ^ 

Tralieeulte  earriete 

AH. 

flltc  left  atrioventhcuiar  opening  (mitral  orifice)  iVphWed  hd 


t-hordo-  te-iidim-a- 


i  n«-  ieft  atrioventricular  opening  ( mitral  orifice)  i-  j-hu-ed  .-below  and  to  the  left 
f-  the  sortie  orifice.  U  is  a  lit  tle  smaller  than  the  corresponding  aperture  of  the 
•'••pt «ite  sid€.  admitting  only  two  fingers  It  is  surrounded  by  udeuse  fibrous.  ring, 
‘"terni  liy  the  lining  membrane  of  the  heart,  and  is  guarded  by  the  bicuspid  or 
moral  valve. 

Tile  &jmc  opening  is  a  circular  upertiire,  in  front  and  to  the  right  of  the.  atrio¬ 
ventricular,  from  which  it  is  separated  by  the  anterior  cusp  of  the  bicuspid  valve. 


mmmoGY 


Its  orifice  is  guarded  by  the  aortic  semilunar valves.  The  portion  of  the  ventricle 
immediately  ^oiriihe  aortic  orifice  iy  tertnytl  the  aortic  vestibule,  and  jio&e^ei 
fibrous  (listcnil  of  tnuscnlar  iv-ftilsi 

The  bicuspid  or  raitral  valve  (mlpuia  bkmpxtlalk  Imc(mfoj)  (Figs,  fill,  312'j  Is 
attached  to  the  cireumfm-noe  of  the  left  fitrio ventricular  orifice  in  the  same  way 
that  the  tricuspid  valve  is  on  the  opposite  side.  It  consists  o?  two  triangular  cusps, 
formed  fiy  dup%ftturesof  the  lining  itiembrhfii?,  s;!ir«Mjgthened  by  fibrous.  fijHiie,: 
and  fidiitiui jing  u  knv  mustiular  fibers, 

thicker,  and  stronger  than  those  of  the  tricuspid  valve.  The  larger  cusp  is  filar*} 
in  ftoifi  arid  to  five  right  befecen  the  atrioveutrieUlftr  and  aortic  orifices.  awl  is 
known  as  the  anterior  or  aortic  cusp,*  the  smaller  or  posterior  cusp  is  placed  behind 
and  to  the  left  of  the  opening  Two  sandier  enspsnre  usually  found  at  the  gft|te 
of  jimetion  of  the  larger.  The  cusps  of  the-  bicuspid  valve  are  furnished  with  .dnx.hf 
tcmliiieio,  tvlneh  are  attoclied  in  a  tnauiier  riimilnr  on  the  right  .-jilt ,  they 

sire,  ever,  thicker,  stronger,  a  fid 

Aortic  #inu*  Isft  •post. 

'  .  ..VAf*At.< 


Owiiv.  ’  ■f  t t«w>ov  vrtmtt 


t?iv-  iS}.S.~ Aorta  laid  open  tp  show  die  semilunar  vatvec. 


The  aortic  serailtm&r  valves  i  Figs  o  10,  old)  are  three  in  iiumber.  and  ■mrrnuiul 
the  orifice  of  the  aorta; two  are  anterior  fright  and  left.)  and  one  posterior.  They 
are  similar  in  structure,  and  in  their  mode  of  attachment,  to  the  pulmonary  seine 
lunar  valves,  but  are  larger,  thidfepr,  ami  stronger;  the  lumihe  anymore  distinct, 
and  tin-  nodidi  or  corpora  Afartfit  thicker  and  more  proirmtent.  Opposite  the  vrduv 
the ytortii  presc.i'd.s  slight  diliitatiiuis,  the  aortic  sinuses  l-tiMWf.qf  i’a/wim),  vdlSch 
are  larger  than  those  at.  the  origin .  of  the  pulmonary  artery. 

The  -trabecula)  c&rneaa  are  of  three  kinds,  like  those  upon  the  right  aide,  but 
they  are  more  numerous,  and  present  a  dense  interlacement,  latficeutlly  at  the 
fipfex.  mid  upon  the  .posterior  wall  «»f  the  vefiffiele.  The  owsculi  papillares  are  :«•> 
in  mirnber,  one  being  enimcetnil  to  the  anterior,  the  other  to  the  posterior  vy»ik' 
they  are  of  large  a{kl%  and  end  in  rounded  extremities  from  which  the  chorda* 
tctnljn!  a-  arise.  The  chordte  tendinem  front  each  papillary  muscle  are  mnuccted 
W.  both  eu-ps  of  the  bicuspid  valve. 

ri  Ventricular  Sejrtum  t septum  irnirkidiiruiu;  mferewitietitor  .wptuw)  (Fig.  5.H  ' . 

The  veiurkulro-  sept  urn  is  directed  ohlkjiiely .  .backward  and  to  the  right,  and  b 
■jWVcd.  with  the  convexity  toward  the  right  ventricle:  its  margins  eorrmpuiid 
with  the  anterior  and  posterior  longitudinal  sulci.  The  greater  portion  of  it  is 
thick  ami  muscular  find  constitutes  the  muscular  ventricular  septum,  but  its  Upper 
and  posterior  part,  which  Sepuratvs  (lie  aortic  vestibule  from  the  lov.er  part  of 
the  right  atrium  fiiid  upper  part  of  the  right  ventrtete,  is  thin  iukl  fibrous,  and  is 
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termed  the  membranous  ventricular  septum.  An  abnormal  communication  may 
exist  between  the  ventricles  at  this  part  owing  to  defective  development  of  the 
membranous  septum. 


Left  avricufy 


Inf 
,  vVfw? 

Mernkr 

'ptcti&iti 


Aortic* 


Pu  pitta  rt; 

munch* 


Anterior  j papilfar*/ 


The  Heart-wall. — The  heart-wall  is  covered  by  a  serous  layer  of  flat  mesothelial 
cells,  the  epicardium,  and  lined  by  the  endocardium.  Between  these  two  membranes 
is  the  muscular  wall  or  myocardium. 

The  endocardium  is  a  thin,  smooth  membrane  which  lines  and  gives  the  glistening 
appearance  to  the  inner  surface  of  the  heart;  it  assists  in  forming  the  valves  by  its 
reduplications,  and  is  continuous  with  the  lining  membrane  of  the  large  bloodvessels. 
It  consists  of  connective  tissue  and  elastic  fibers,  and  is  attached  to  the  muscular 
structure  by  loose  elastic  tissue  which  contains  bloodvessels  and  nerves;  its  free 
surface  is  covered  by  endothelial  cells. 

The  fibrous  rings  surround  the  atrioventricular  and  arterial  orifices,  arid  are 
stronger  upon  the  left  than  on  the  right  side  of  the  heart.  The  atrioventricular 
rings  serve  for  the  attachment  of  the  muscular  fibers  of  the  atria  and  ventricles, 
and  for  the  attachment  of  the  bicuspid  and  tricuspid  valves.  The  left  atrioventric¬ 
ular  ring  is  closely  connected,  by  itsright  margin,  with  the  aortic  arterial  ring;  between 
these  and  the  right  atrioventricular  ring  is  a  triangular  mass  of  fibrous  tissue,  the 
trigonum  fibrosum,  which  represents  the  basal  thickening  of  the  membranous  ven¬ 
tricular  septum.  Lastly,  there  is  the  tendon  of  the  conus  arteriosus  extending  from 
die  trigomun  fibrosum  and  right  atrioventricular  fibrous  ring  to  the  posterior  side 
of  the  conus.  It  is  intimately  blended  with  the  right  anterior  aspect  of  the  aortic 
fibrous  ring. 

Hie  musculature  structure  of  the  heart  consists  of  bands  of  fibers,  which  present 
an  exceedingly  intricate  interlacement.  They  comprise  (a)  the  fibers  of  the  atria, 
(b)  the  fibers  of  the  ventricles,  and  (e)  the  atrioventricular  bundle  of  His. 

The  principle  muscle  bundles  of  the  atria  radiate  from  one  central  area  which 
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surrounds  the  efrper  rt?  the  superior  vena  cava  and  is-  for  the  must  part  burijtlui 
tl>e  anterior  } >e rt  of  the  fftriul  septum ;  hi  front  ami  to  the  right  of  the  orifice  of  tie 
V:j  it  «i>nies  to  the  external  surface.  Tin  portion  that  appear* in  the  grime 
between  the  vena  <tiva  and  the  right  otritun  has  Ikeen  designated  the  sinoitrial  node; 
it  is  the  seat  of  impHistOmusitHinfoc  die  atria  in  the  normally'  beating heart.  The 
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hands 
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Xm  $} 3, — External  buiwitaa  bri  Oji-  anterior  h'lrface,  oi  Hit*  afm.  OVprta  p 

portion  that  is  buried  in  the  atrial  septum  has  been  named  the  sept&l  by 
Fapex.  It  provide  nv  apparent  tneehauieal  supjiort  for  man;,  of  the  larger  mu-dc 
bundles  of  both  atria.  The  fiber*  of  the  -.sinoatrial male  resemble  those  of  the  .an  - 
v^ntrieuhir  iKide.  With  the  ^Cieption  uf  the  interatrial  bundled  which  eonmvb 
tlie  anterior  surfaces  of  the  two  atria,  the  various  nuiseh*  bundles  are  eontij.ol  la 
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Ffiy.  51Qf— t  mn-.l* •  Uwt .raii&te •  from  Ore  t*er><  til  raptU£  ia  (W  IbO  'Wrtac^  .*?f  the  aortal. aef'tijro  1  ) 


t heir  respective  atria,.  These  bundle;*  rat !io to  from  j^fber  side  of  the  septal  rapW. 
which  lies  ixi  from  tif  the  oval  fossa,  into  the  waits  of  die  atria,  the  sinuus  \>:iumts 
and  the jvDp^nnp  v  ena  cava  Aeebrdin^  ti ^ ru difteeit  muscle 
bumltes  which  make  tip  xfe walk  of  the  merge 

more  or  leas. 
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tares  at  the  Itase,  converge  In  s^irtt!  VoUrse*  toward  apex  for  vai^’in^  distances 
■when  they  turn  spirally  upward  t*>  foe  inserted  on  the  Qpjibslie  §$fe'of  thesesame 
tendinous  structures... : 'Tfae-\auperficlal  fibers  pass  to  the  vortex  at  the  apex  of  the 
deft  ventricle  before  they  turn:  opwahi  while  the  deep  ones  turn  upward  at  varying 
dbtHhri*  w  Ifhout  reaching  the  apex. 

Th'  superficial  bulbospral  te<Se  arises  fntia  the  eonus,  loft  side  of  the  aortic 
sjopbuo.  aortic-  ring  and  hdt  atetovhrttrhuhsr  riiigy  pass  afticaltvanl  atul  sptiievvhat 
tmvani  Kite  right  to  the  ptjstcriur  la»fn  of  the  vortex  of  the  left  VEntride.  $t  thetr 
<Hk>u  the  fibers  .form  a  brood  thin  sheet  that  becomes'  thick  and  narrow  at  the 
ftfiex  where.  the  bundle  twist  s  on  itself  and  continues  upward  in  a  spiral  manner 
mi  the  inner  surface  of  the  left  ventricle,  spreading  out  into  a  thin  sheet  that  is 
inserted  on  die  pppOijile  side  Of  the  tetidinnn.s  stpiotures  from  which  it  arose..  These 

c*uv?rfl<?nU  buUx&piful  bundle 
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fiber*  make  nearly  »  double  circle  around  the  heart  somewhat  like  a  figure  S  that  is 
at  the  top.  As  the  fillers  pass  toward  the  apex  they  tie  superficial  to  the  deep 
hulboxpiml  bundle  and  M  they  puss  upward  from  the  apex  they  partly  bletni  and 
panlvv'jmss'ou  the  inner  side  of  it  in .dimritons  nearly  at  right  angles  to  their  super¬ 
ficial  fibers. 

The  superficial  smoepiral  bundle  arises  as  a  thin  layer  from  the  posterior  sides  of 
the  left  and  right  atrioventricular  ritigs  And  front  the  right  sidy  of  the  latter.  The 
fillers  pass  more  horizontally  around  tin*  heart  to  the  apex  than  do  those  of  the 
biilbospifoi  boodle,  They  pass  completely  ground  tlm  right  ventricle  across  the 
!-;*erior  and  anterior  'longitudinal,  sulci  gradually  converging  as  they  approach 
ti\r  <nmx  and  enter  the  anterior  horn  of  the  left  vortex  as  a  narrow  thick  baud  that 
tv.is»s  npn»  in-elf  to  encircle  the  apex  as  it  passes  upward  into  the  papillary  nitro.  !vs 
ami  inner  wad  of  the  left  ventricle  to  become  attached  to  the  fibrous  ring*  either 
by  the  chortlai  ifflidSnert-  at  id  00  valve  leave 


•a  or  directly  by  the  fibers  themselves 
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These  fibers  likewise  course  around  the  heart  somewhat  in  the  form  of  a  figure  8 
that  is  open  at  the  top  and  small  at  the  bottom. 

As  the  bundle  enters  the  vortex  it  is  joined  by  fibers  from  the  longitudinal  bundle 
of  the  right  ventricle  and  fibers  of  the  interventricular  bundle  from  the  papilla-  of 
the  right  ventricle.  Many  of  these  pass  into  the  papilla?  of  the  left  ventricle. 

Many  fibers  from  both  the  buibospiral  and  sinospiral  muscle  bundles  enter  the 
interventricular  septum  as  they  pass  into  the  anterior  longitudinal  sulcus.  Con¬ 
sequently  if  the  superficial  fibers  are  cut  across  toward  the  right  side  of  the  pos¬ 
terior  longitudinal  sulcus  the  two  ventricles  can  be  pulled  apart  more  readily  titan 
by  a  cut  along  the  anterior  sulcus.  By  turning  back  the  superficial  fibers  the  deep 
buibospiral  bundle  is  exposed. 


Left  cortex  Supvf/iridt  butt*Mpirol  bundle 

■  u Pattern ur  lo-ns/Hutfinai  *ult- 


Sujwrfi  riffl  . nruh- 
xpiral  bundle 


A  ntcrior  longiludi^d  *:nir 


l  nicrceni rirulo  r  burvile 


MS.-*— Apttx  of  heart  lo'jilio*  the  two  vortices.  (Mall.) 


The  deep  buibospiral  bundle  arises  immediately  beneath  the  superficial  bundle 
from  the  left  side  of  the  left  ostia.  The  fibers  pass  downw  ard  to  the  right  and  enter 
the  septum  through  the  posterior  longitudinal  sulcus.  They  then  encircle  the  left 
ventricle  without  reaching  the  apex  after  turning  upon  themselves  on  the  apical  side 
of  the  ring  and  blend  without  the  fibers  of  the  superficial  bundle  as  they  pass  spirally 
upward  to  be  inserted  on  the  opposite  sides  of  the  fibrous  rings  of  the  left  side. 
These  fibers  likewise  seem  to  form  an  open  figure  S  with  both  loops  of  about  the 
same  size. 

The  deep  sinospiral  bundle  is  more  especially  concerned  with  the  right  ventricle 
although  its  fibers  communicate  freely  with  the  papillary  muscles  of  both  ventricles. 
Its  fibers  arise  from  the  posterior  part  of  the  left  ostium  and  pass  diagonally  into 
the  deeper  layer  of  the  wall  of  the  right  ventricle  where  they  turn  upward  to  the 
conus  and  membranous  septum.  Some  of  them  probably  pass  through  the  right 
vortex. 

The  interventricular  bundles  arc  represented  in  part  bv  the  longitudinal  bundle 
of  the  right  ventricle  which  passes  through  the  septum  and  must  be  cut  in  order 
to  unroll  the  heart,  and  by  the  mterpapillary  bands. 

The  circular  bands  of  the  conus  are  relatively  simple  and  extend  from  one  side  of 
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'  of  th'e  cofttis  »r<xm.(HJie  root  of  the  puiainnafv  artery  ami  the  conus  tci 

the  side  of  the  feodum 

The  gaiend  iitmif&mrm  of  the  tihm  h  sueh  that  the  heart  is  twisted  during 
ViViole,  as  one  wrings  out  a  wet  nig,  obliterating  the  ventricular  cavities  ansi  forcing 
itablmxi  ovU  '  '  '  ’  * 


/V,  ;-.]C't  -^Mni&Cie ;'^prc«temiAti^''or  tbo  Atriov^:Vtnj»tM;ir  IjtmdUj  of  fli*  The  humlift.  repf-wi.  v.l .  in  re.  I 
' or^ljictie'  td  alight.  eriltf^gQmon l  to  form  a  uodp.  paW*t.  forward'  ity 

i Pgw The.  Uliiifl&Ut  diaUiJbrutioa  cannot,  bo  etomrrletely  uhotvo  in  ibis 


The  airiOTantrieular  bundle  of  His  (  Fig.  519),  k  the  only  direct  inm<uihir«x/wiee- 
tion  known  to  exist  betjiy'ptso  the  anil  tltte  vd'itrkferv'  ee|l+ {Uff^e  from 
Unlisiary  cardiac  muscle  ..etalfct  in  .being  more  spindle-shaped:  They  are,  moreover, 
miire  loosely  arranged  and  have  a  richer  valvular -supply  than  the  red  of  the  heart 
musdey  the 

Thfe  fl^^vetttticular  node  Itgisnear  the  of  die  eoftm&fy 
fe.tbe  axtnuhir  and  septal  fibers  of  the  right,  atrium;  from  it  thoatHoventric- 


in  the  lower  part  of.  the  inenibranons  sepfiifu,  atktf 


. . . .  . . ,  .....  _  _  . 

’■"■  ';•]«•>  into  right  and  left  fasciculi.  These  run  down  in  the  right  and  left  ventricles, 
'He  on  either  side  i>F  the  ventricular  septum,  covered  by  endocardium.  in  the  lower 
hurts  i »f  the  ventricles  they  break  up  into  nutaerniis  strands  which  end  in  the 
(ttpilbrs  rj)msefe>  aiai  in  the  •  Ventricular  inusclu  generally.  The  hnndle  and  its 
divisions  are  enveloped  in  a  sheath  of  connective  risstie;  Hy  injecting  this  sheath 
"ith  India  ink  the  ramlfiaEiiotis  of'  the  bundle  can  be  demonstrated.'  Tie  greater 
portion  of  the  tktnoviwVl^euU^laipdlg  muidats  pf  narrow,  soinewha  t  fusi form  fibers, 
but.  Its,  terminal  strands  are  Ctmipbswj  of  Tufkinje  fibers. 
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Dr.  A.  M  orison1  has  shown  that  in  the  sheep  and  pig  the  atrioventricular  bundle  "is  a  great 
avenue  for  the  transmission  of  nerves  from  the  auricular  to  the  ventricular  heart;  large  and 
numerous  nerve  trunks  entering  the  bundle  and  coursing  with  it,"  From  these,  branches  pass 
off  and  form  plexuses  around  groups  of  Purkinje  cells,  and  from  these  plexuses  fine  fibrils  go  to 
innervate  individual  ceils. 

Clinical  and  experimental  evidence  go  to  prove  that  this  bundle  conveys  the  impulse  to  sys¬ 
tolic  contraction  from  the  atrial  septum  to  the  ventricles. 

Cardiac  Muscular  Tissue, — The  fibers  of  the  heart  differ  very  remarkably  from  those  of  other 
striped  muscles.  They  are  smaller  by  one-third,  and  their  transverse  striae  are  by  no  means  so 
well-marked.  The  fibers  are  made  up  of  distinct  quadrangular  cells,  joined  end  to  end  (Fig.  520). 
Each  cell  contains  a  dear  oval  nucleus,  situated  near  its  center.  The  extremities  of  the  cells  have 
a  tendency  to  branch  or  divide,  the  subdivisions  uniting  with  offsets  from  other  cells,  and  thus 
producing  an  anastomosis  of  the  fibers.  The  connective  tissue  between  the  bundles  of  fibers  is 
much  less  than  in  ordinary  striped  muscle,  and  no  sarcoleruma  has  l;een  proved  to  exist. 
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Fio,  520. — Anastomosing  muscular  filers  of  the  heart  soen 
sn  a  longitudinal  action  On  the  .right  the  limit*  of  the 
aeparate  cells  with  their  nuclei  are  exhibited  somewhat  dia- 
grammatically . 


Fig.  521 Purkioje's  fibers  from  the  sheep *e 
heart.  .4.  In  longitudinal  section.  6  In 
transverse  section. 


Purkinje  Fibers  (Fig.  52.!)/ — Between  the  endocardium  and  the  ordinary  cardiac  muscle  are 
found,  imbedded  in  a  small  amount  of  connective  tissue,  peculiar  filers  known  as  Purkinje  fibers. 
They  arc  found  in  certain  mammals  and  in  birds,  and  can  tie  best  seen  in  the  sheep’s  heart,  where 
they  form  a  considerable  portion  of  the  moderator  band  and  also  appear  as  geiatincms-Ux>king 
strands  on  the  inner  walls  of  the  atria  and  ventricles.  They  also  occur  in  the  human  heart  asso¬ 
ciated  with  the  terminal  distributions  of  the  bundle  of  His.  The  fibers  are  very  much  larger  in 
size  than  the  cardiac  cells  and  differ  from  them  in  several  ways.  In  longitudinal  section  they  are 
quadrilateral  in  shape,  being  about  tw  ice  as  long  as  they  are  broad.  The  cent  ral  port  ion  of  each 
fiber  contains  one  or  more  nuc  lei  and  m  made  up  of  granular  protoplasm,  with  no  indication  of 
striatums,  while  the  peripheral  portion  is  clear  and  has  distinct  transverse  st nations.  The  fil>er* 
art',  intimately  Connected  with  each  other,  possess  no  definite  sarcolemma.  and  do  not  branch. 

Vessels  and  Nerves. — The  arteries  supplying  the  heart  are  the  right  and  left  coronary  from 
the  aorta;  the  veins  end  in  the  right,  atrium. 

The  lymphatics  end  in  the  thoracic  and  right  lymphatic  ducts. 


1  Journal  of  Anatomy  ami  Physiology,  Vat  46. 
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The  nerves  are  derived  from  the  cardiac  plexus,  which  are  formed  partly  from  the  vagi,  and 
partly  from  the  sympathetic  trunks.  They  are  freely  distributed  both  on  the  surface  and  in  the 
substance  of  the  heart,  the  separate  nerve  filaments  being  furnished  with  small  ganglia. 

The  Cardiac  Cycle  and  the  Actions  of  the  Valves. — By  the  contractions  of  the 
heart  the  blood  is  pumped  through  the  arteries  to  all  parts  of  the  body.  These 
contractions  occur  regularly  and  at  the  rate  of  about  seventy  per  minute.  Each 
wave  of  contraction  or  period  of  activity  is  followed  by  a  period  of  rest,  the  two 
periods  constituting  what  is  known  as  a  cardiac  cycle. 

Each  cardiac  cycle  consists  of  three  phases,  which  succeed  each  other  as  follows: 
(1)  a  short  simultaneous  contraction  of  both  atria,  termed  the  atrial  systole,  fol¬ 
lowed,  after  a  slight  pause,  by  (2)  a  simultaneous,  but  more  prolonged,  contraction 
of  both  ventricles,  named  the  ventricular  systole,  and  (3)  a  period  of  rest,  during  which 
the  whole  heart  is  relaxed.  The  atrial  contraction  commences  around  the  venous 
openings,  and  sweeping  over  the  atria  forces  their  contents  through  the  atrio¬ 
ventricular  openings  into  the  ventricles,  regurgitation  into  the  veins  being  pre¬ 
vented  by  the  contraction  of  their  muscular  coats.  When  the  ventricles  contract, 
the  tricuspid  and  bicuspid  valves  are  closed,  and  prevent  the  passage  of  the  blood 
back  into  the  atria;  the  musculi  papillares  at  the  same  time  are  shortened,  and, 
pulling  on  the  chordae  tendineae,  prevent  the  inversion  of  the  valves  into  the  atria. 
As  soon  as  the  pressure  in  the  ventricles  exceeds  that  in  the  pulmonary  artery  and 
aorta,  the  valves  guarding  the  orifices  of  these  vessels  are  opened  and  the  blood  is 
driven  from  the  right  ventricle  into  the  pulmonary  artery  and  from  the  left  into 
the  aorta.  The  moment  the  systole  of  the  ventricles  ceases,  the  pressure  of  the 
blood  in  the  pulmonary  artery  and  aorta  closes  the  pulmonary  and  aortic  semilunar 
valves  to  prevent  regurgitation  of  blood  into  the4ventricles,  the  valves  remaining 
shut  until  reopened  by  the  next  ventricular  systole.  During  the  period  of  rest  the 
tension  of  the  tricuspid  and  bicuspid  valves  is  relaxed,  and  blood  is  flowing  from 
the  veins  into  the  atria,  being  aspirated  by  negative  intrathoracic  pressure,  and 
slightly  also  from  the  atria  into  the  ventricles.  The  average  duration  of  a  cardiac 
cycle  is  about  TTF  of  a  second,  made  up  as  follows: 

Atrial  systole,  -fa.  Atrial  diastole, 

Ventricular  systole,  -fo.  Ventricular  diastole,  TV 

Total  systole,  Complete  diastole, 

The  rhythmical  action  of  the  heart  is  muscular  in  origin — that  is  to  say,  the 
heart  muscle  itself  possesses  the  inherent  property  of  contraction  apart  from  any 
nervous  stimulation.  The  more  embryonic  the  muscle  the  better  is  it  able  to  initiate 
and  propagate  the  contraction  wave;  this  explains  why  the  normal  systole  of  the 
heart  starts  at  the  entrance  of  the  veins,  for  there  the  muscle  is  most  embryonic 
in  nature.  At  the  atrioventricular  junction  there  is  a  slight  pause  in  the  wave  of 
muscular  contraction.  To  obviate  this  so  far  as  possible  a  peculiar  band  of  marked 
embryonic  type  passes  across  the  junction  and  so  carries  on  the  contraction  wave 
to  the  ventricles.  This  band,  composed  of  special  fibers,  is  the  atrioventricular 
bundle  of  His  (p.  543).  The  nerves,  although  not  concerned  in  originating  the 
contractions  of  the  heart  muscle,  play  an  important  role  in  regulating  their  force 
and  frequency  in  order  to  subserve  the  physiological  needs  of  the  organism. 

PECULIARITIES  IN  THE  VASCULAR  SYSTEM  OF  THE  FETUS. 

The  chief  peculiarities  of  the  fetal  heart  are  the  direct  communication  between 
the  atria  through  the  foramen  ovale,  and  the  large  size  of  the  valve  of  the  inferior 
vena  cava.  Among  other  peculiarities  the  following  may  be  noted.  (1)  In  early 
fetal  life  the  heart  lies  immediately  below  the  mandibular  arch  and  is  relatively 
large  in  size.  As  development  proceeds  it  is  gradually  drawn  within  the  thorax,  but 
35 
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at  first  it  lies  in  the  middle  line;  toward  the  end  of  pregnancy  it  gradually  becomes 
oblique  in  direction.  (2)  For  a  time  the  atrial  portion  exceeds  the  ventricular  in 
size,  and  the  walls  of  the  ventricles  are  of  equal  thickness:  toward  the  end  of  fetal 
life  the  ventricular  portion  becomes  the  larger  and  the  wall  of  the  left  ventricle 
exceeds  that  of  the  right  in  thickness.  (3)  Its  size  is  large  as  compared  with  that 
of  the  rest  of  the  body,  the  proportion  at  the  second  month  being  1  to  50,  and  at 
birth,  1  to  120,  while  in  the  adult  the  average  is  about  1  to  160. 

The  foramen  ovale,  situated  at  the  lower  part  of  the  atrial  septum,  forms  a  free 
communication  between  the  atria  until  the  end  of  fetal  life.  A  septum  {septum 
secundum )  grows  down  from  the  upper  wall  of  the  atrium  to  the  right  of  the  primary 
septum  in  which  the  foramen  ovale  is  situated;  shortly  after  birth  it  fuses  with 
the  primary  septum  and  the  foramen  ovale  is  obliterated. 

The  valve  of  the  inferior  vena  cava  serves  to  direct  the  blood  from  that  vessel 
through  the  foramen  ovale  into  the  left  atrium. 

The  peculiarities  in  the  arterial  system  of  the  fetus  are  the  communication 
between  the  pulmonary  artery  and  the  aorta  by  means  of  the  ductus  arteriosus, 
and  the  continuation  of  the  hypogastric  arteries  as  the  umbilical  arteries  to  the 
placenta. 

The  ductus  arteriosus  is  a  short  tube,  about  1.25  cm.  in  length  at  birth,  and 
of  the  diameter  of  a  goose-quill.  In  the  early  condition  it  forms  the  continuation 
of  the  pulmonary  artery,  and  opens  into  the  aorta,  just  beyond  the  origin  of  the 
left  subclavian  artery;  and  so  conducts  the  greater  amount  of  the  blood  from  the 
right  ventricle  into  the  aorta.  When  the  branches  of  the  pulmonary  artery  have 
become  larger  relatively  to  the  ductus  arteriosus,  the  latter  is  chiefly  connected 
to  the  left  pulmonary  artery. 

The  hypogastric  arteries  run  along  the  sides  of  the  bladder  and  thence  upward 
on  the  back  of  the  anterior  abdominal  wall  to  the  umbilicus;  here  they  pass  out 
of  the  abdomen  and  are  continued  as  the  umbilical  arteries  in  the  umbilical  cord 
to  the  placenta.  They  convey  the  fetal  blood  to  the  placenta. 

The  peculiarities  in  the  venous  system  of  the  fetus  are  the  communications 
established  between  the  placenta  and  the  liver  and  portal  vein,  through  the  umbil¬ 
ical  vein;  and  between  the  umbilical  vein  and  the  inferior  vena  cava  through  the 
ductus  venosus. 

Fetal  Circulation  (Fig.  522). — The  fetal  blood  is  returned  from  the  placenta  to 
the  fetus  by  the  umbilical  vein.  This  vein  enters  the  abdomen  at  the  umbilicus, 
and  passes  upward  along  the  free  margin  of  the  falciform  ligament  of  the  liver  to 
the  under  surface  of  that  organ,  Vhere  it  gives  off  two  or  three  branches,  one  of 
large  size  to  the  left  lobe,  and  others  to  the  lobus  quadratus  and  lobus  caudatus. 
At  the  porta  hepatis  {transverse  fissure  of  the  liver )  it  divides  into  two  branches: 
of  these,  the  larger  is  joined  by  the  portal  vein,  and  enters  the  right  lobe;  the 
smaller  is  continued  upward,  under  the  name  of  the  ductus  venosus,  and  joins 
the  inferior  vena  cava.  The  blood,  therefore,  which  traverses  the  umbilical  vein, 
passes  to  the  inferior  vena  cava  in  three  different  ways.  A  considerable  quantity 
circulates  through  the  liver  with  the  portal  venous  blood,  before  entering  the 
inferior  vena  cava  by  the  hepatic  veins;  some  enters  the  liver  directly,  and  is 
carried  to  the  inferior  cava  by  the  hepatic  veins;  the  remainder  passes  directly 
into  the  inferior  vena  cava  through  the  ductus  venosus. 

In  the  inferior  vena  cava,  the  blood  carried  by  the  ductus  venosus  and  hepatic 
veins  becomes  mixed  with  that  returning  from  the  lower  extremities  and  abdominal 
wall.  It  enters  the  right  atrium,  and,  guided  by  the  valve  of  the  inferior  vena 
cava,  passes  through  the  foramen  ovale  into  the  left  atrium,  where  it  mixes  with 
a  small  quantity  of  blood  returned  from  the  lungs  by  the  pulmonary  veins.  From 
the  left  atrium  it  passes  into  the  left  ventricle;  and  from  the  left  ventricle  into  the 
aorta,  by  means  of  which  it  is  distributed  almost  entirely  to  the  head  and  upper 
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extremities,  a  small  quantity  being  probably  carried  into  the  descending  aorta. 
From  the  head  and  upper  extremities  the  blood  is  returned  by  the  superior  vena 
cava  to  the  right  atrium,  where  it  mixes  with  a  small  portion  of  the  blood  from  the 
inferior  vena  cava.  From  the  right  atrium  it  descends  into  the  right  ventricle, 


HyjHjgastnc  arteries 


Fig  522, — Plan  of  the  fetal  circulation.  In  this  plan  the  figured  arrow*  represent  the  kind  of  blood,  as  well  as  the 

dwertttoo  which  it  takes  in  the  vewdes.  Thus— arterial  blood  is  figurwd  •,> - >  :  venous  blood,  > - -  >  \  mixed 

Urtertal  and  venoue;  blood.  > - >. 


and  thence  passes  into  the  pulmonary  artery.  The  lungs  of  the  fetus  being  inactive, 
only  a  small  quantity  of  the  blood  of  the  pulmonary  artery  is  distributed  to  them 
by  the  right  and  left  pulmonary  arteries,  and  returned  by  the  pulmonary  veins 
to  the  left  atrium:  the  greater  part  passes  through  the  ductus  arteriosus  into  the 
aorta,  where  it  mixes  with  a  small  quantity  of  the  blood  transmitted  by  the  left 
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ventricle  into  the  aorta.  Through  this  vessel  it  descends,  and  is  in  part  distributed 
to  the  lower  extremities  and  the  viscera  of  the  abdomen  and  pelvis,  but  the  greater 
amount  is  conveyed  by  the  umbilical  arteries  to  the  placenta. 

From  the  preceding  account  of  the  circulation  of  the  blood  in  the  fetus  the  fol¬ 
lowing  facts  will  be  evident:  (1)  The  placenta  serves  the  purposes  of  nutrition 
and  excretion,  receiving  the  impure  blood  from  the  fetus,  and  returning  it  purified 
and  charged  with  additional  nutritive  material.  (2)  Nearly  the  whole  of  the  blood 
of  the  umbilical  vein  traverses  the  liver  before  entering  the  inferior  vena  cava; 
hence  the  large  size  of  the  liver,  especially  at  an  early  period  of  fetal  life.  (3)  The 
right  atrium  is  the  point  of  meeting  of  a  double  current,  the  blood  in  the  inferior 
vena  cava  being  guided  by  the  valve  of  this  vessel  into  the  left  atrium,  while  that 
in  the  superior  vena  cava  descends  into  the  right  ventricle.  At  an  early  period 
of  fetal  life  it  is  highly  probable  that  the  two  streams  are  quite  distinct;  for  the 
inferior  vena  cava  opens  almost  directly  into  the  left  atrium,  and  the  valve  of  the 
inferior  vena  cava  would  exclude  the  current  from  the  right  ventricle.  At  a  later 
period,  as  the  separation  between  the  two  atria  becomes  more  distinct,  it  seems 
probable  that  some  mixture  of  the  two  streams  must  take  place.  (4)  The  pure 
blood  carried  from  the  placenta  to  the  fetus  by  the  umbilical  vein,  mixed  with  the 
blood  from  the  portal  vein  and  inferior  vena  cava,  passes  almost  directly  to  the 
arch  of  the  aorta,  and  is  distributed  by  the  branches  of  that  vessel  to  the  head 
and  upper  extremities.  (5)  The  blood  contained  in  the  descending  aorta,  chiefly 
derived  from  that  which  has  already  circulated  through  the  head  and  limbs, 
together  with  a  small  quantity  from  the  left  ventricle,  is  distributed  to  the 
abdomen  and  lower  extremities. 

Changes  in  the  Vascular  System  at  Birth. — At  birth,  when  respiration  is  estab¬ 
lished,  an  increased  amount  of  blood  from  the  pulmonary  artery  passes  through  the 
lungs,  and  the  placental  circulation  is  cut  off.  The  foramen  ovale  is  closed  by  about 
the  tenth  day  after  birth :  the  valvular  fold  above  mentioned  adheres  to  the  margin 
of  the  foramen  for  the  greater  part  of  its  circumference,  but  a  slit-like  opening  is 
left  between  the  two  atria  above,  and  this  sometimes  persists. 

The  ductus  arteriosus  begins  to  contract  immediately  after  respiration  is  estab¬ 
lished,  and  is  completely  closed  from  the  fourth  to  the  tenth  day;  it  ultimately 
degenerates  into  an  impervious  cord,  the  lig&mentum  arteriosum,  which  connects 
the  left  pulmonary  artery  to  the  arch  of  the  aorta. 

Of  the  hypogastric  arteries,  the  parts  extending  from  the  sides  of  the  bladder 
to  the  umbilicus  become  obliterated  between  the  second  and  fifth  days  after  birth, 
and  project  as  fibrous  cords,  the  lateral  umbilical  ligaments,  toward  the  abdominal 
cavity,  carrying  on  them  folds  of  peritoneum. 

The  umbilical  vein  and  ductus  venosus  are  obliterated  between  the  first  and  fifth 
days  after  birth;  the  former  becomes  the  ligamentum  teres,  the  latter  the  liga- 
mentum  venosum,  of  the  liver.  The  hepatic  half  of  the  ductus  venosus  may  remain 
open,  receive  tributaries  from  the  liver  and  thus  function  as  an  hepatic  vein  in  the 
adult. 
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THE  ARTERIES. 


THE  distribution  of  the  systematic  arteries  is  like  a  highly  ramified  tree,  the 
common  trunk  of  which,  formed  by  the  aorta,  commences  at  the  left  ventricle, 
while  the  smallest  ramifications  extend  to  the  peripheral  parts  of  the  body  and  the 
contained  organs.  Arteries  are  found  in  all  parts  of  the  body,  except  in  the  hairs, 
nails,  epidermis,  cartilages,  and  cornea;  the  larger  trunks  usually  occupy  the  most 
protected  situations,  running,  in  the  limbs,  along  the  flexor  surface,  where  they 
are  less  exposed  to  injury. 

There  is  considerable  variation  in  the  mode  of  division  of  the  arteries:  occasion¬ 
ally  a  short  trunk  subdivides  into  several  branches  at  the  same  point,  as  may  be 
observed  in  the  celiac  artery  and  the  thyrocervical  trunk :  the  vessel  may  give  off 
several  branches  in  succession,  and  still  continue  as  the  main  trunk,  as  is  seen  in 
the  arteries  of  the  limbs;  or  the  division  may  be  dichotomous,  as,  for  instance,  when 
the  aorta  divides  into  the  two  common  iliacs. 

A  branch  of  an  artery  is  smaller  than  the  trunk  from  which  it  arises;  but  if  an 
artery  divides  into  two  branches,  the  combined  sectional  area  of  the  two  vessels 
is,  in  nearly  every  instance,  somewhat  greater  than  that  of  the  trunk;  and  the 
combined  sectional  area  of  all  the  arterial  branches  greatly  exceeds  that  of  the 
aorta;  so  that  the  arteries  collectively  may  be  regarded  as  a  cone,  the  apex  of 
which  corresponds  to  the  aorta,  and  the  base  to  the  capillary  system. 

The  arteries,  in  their  distribution,  communicate  with  one  another,  forming 
what  are  called  anastomoses,  and  these  communications  are  very  free  between 
the  large  as  well  as  between  the  smaller  branches.  The  anastomosis  between  trunks 
of  equal  size  is  found  where  great  activity  of  the  circulation  is  requisite,  as  in  the 
brain;  here  the  two  vertebral  arteries  unite  to  form  the  basilar,  and  the  two  ante¬ 
rior  cerebral  arteries  are  connected  by  a  short  communicating  trunk;  it  is  also 
found  in  the  abdomen,  where  the  intestinal  arteries  have  very  ample  anastomoses 
between  their  larger  branches.  In  the  limbs  the  anastomoses  are  most  numerous 
and  of  largest  size  around  the  joints,  the  branches  of  an  artery  above  uniting 
with  branches  from  the  vessels  below.  These  anastomoses  are  of  considerable  in¬ 
terest  to  the  surgeon,  as  it  is  by  their  enlargement  that  a  collateral  circulation  is 
established  after  the  application  of  a  ligature  to  an  artery.  The  smaller  branches 
of  arteries  anastomose  more  frequently  than  the  larger;  and  between  the  smallest 
twigs  these  anastomoses  become  so  numerous  as  to  constitute  a  close  network 
that  pervades  nearly  every  tissue  of  the  body. 

Throughout  the  body  generally  the  larger  arterial  branches  pursue  a  fairly 
straight  course,  but  in  certain  situations  they  are  tortuous.  Thus  the  external 
maxillary  artery  in  its  course  over  the  face,  and  the  arteries  of  the  lips,  are  extremely 
tortuous  to  accommodate  themselves  to  the  movements  of  the  parts.  The  uterine 
arteries  are  also  tortuous,  to  accommodate  themselves  to  the  increase  of  size  which 
the  uterus  undergoes  during  pregnancy. 

The  Pulmonary  Artery  (A.  Pulmonalis)  (Figs.  523,  524). 

The  pulmonary  artery  conveys  the  venous  blood  from  the  right  ventricle  of  the 
heart  to  the  lungs.  It  is  a  short,  wide  vessel,  about  5  cm.  in  length  and  3  cm.  in 
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arising  from  the  conus  arteriosus  of  the  right  ventricle, 
upward  and  backward,  passing  at  first  in  front  and  then 
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of  the  ascending  aorta,  as  far  as  the  under  surface  of  the  aortic  arch,  where  it 
divides,  about  the  level  of  the  fibrocartilage  between  the  fifth  and  sixth  thoracic 
vertebra,  into  right  and  left  branches  of  nearly  equal  size. 

Relations. — The  whole  of  this  vessel  is  contained  within  the  pericardium.  It  is  enclosed  with 
the  ascending  aorta  in  a  single  tube  of  the  visceral  layer  of  the  serous  pericardium,  which  is  con¬ 
tinued  upward  upon  them  from  the  base  of  the  heart.  The  fibrous  layer  of  the  pericardium  is 
gradually  lost  upon  the  external  coats  of  the  two  branches  of  the  artery.  In  front,  the  pulmonary 
artery  is  separated  from  the  anterior  end  of  the  second  left  intercostal  space  by  the  pleura  and 
left  lung,  in  addition  to  the  pericardium;  it  rests  at  first  upon  the  ascending  aorta,  and  higher 
up  lies  in  front  of  the  left  atrium  on  a  plane  posterior  to  the  ascending  aorta.  On  either  side  of 
its  origin  is  the  auricula  of  the  corresponding  atrium  and  a  coronary  artery,  the  left  coronary 
artery  passing,  in  the  first  part  of  its  course,  behind  the  vessel.  The  superficial  part  of  the  cardiac 
plexus  lies  above  its  bifurcation,  between  it  and  the  arch  of  the  aorta. 

The  right  branch  of  the  pulmonary  artery  ( ramus  dexter  a.  pulmonalis),  longer 
and  larger  than  the  left,  runs  horizontally  to  the  right,  behind  the  ascending  aorta 
and  superior  vena  cava  and  in  front  of  the  right  bronchus,  to  the  root  of  the  right 
lung,  where  it  divides  into  two  branches.  The  lower  and  larger  of  these  goes  to 
the  middle  and  lower  lobes  of  the  lung;  the  upper  and  smaller  is  distributed  to  the 
upper  lobe. 

The  left  branch  of  the  pulmonary  artery  ( ramus  sinister  a .  pulmonalis),  shorter 
and  somewhat  smaller  than  the  right,  passes  horizontally  in  front  of  the  descending 
aorta  and  left  bronchus  to  the  root  of  the  left  lung,  where  it  divides  into  two 
branches,  one  for  each  lobe  of  the  lung. 

Above,  it  is  connected  to  the  concavity  of  the  aortic  arch  by  the  ligamentum 
arteriosum,  on  the  left  of  which  is  the  left  recurrent  nerve,  and  on  the  right  the 
superficial  part  of  the  cardiac  plexus.  Below,  it  is  joined  to  the  upper  left  pul¬ 
monary  vein  by  the  ligament  of  the  left  vena  cava. 

The  terminal  branches  of  the  pulmonary  arteries  will  be  described  with  the 
anatomy  of  the  lungs. 

THE  AORTA. 

The  aorta  is  the  main  trunk  of  a  series  of  vessels  which  convey  the  oxygenated 
blood  to  the  tissues  of  the  body  for  their  nutrition.  It  commences  at  the  upper 
part  of  the  left  ventricle,  where  it  is  about  3  cm.  in  diameter,  and  after  ascending 
for  a  short  distance,  arches  backward  and  to  the  left  side,  over  the  root  of  the  left 
lung;  it  then  descends  within  the  thorax  on  the  left  side  of  the  vertebral  column, 
passes  into  the  abdominal  cavity  through  the  aortic  hiatus  in  the  diaphragm, 
and  ends,  considerably  diminished  in  size  (about  1.75  cm.  in  diameter),  opposite 
the  lower  border  of  the  fourth  lumbar  vertebra,  by  dividing  into  the  right  and  left 
common  iliac  arteries.  Hence  it  is  described  in  several  portions,  viz.,  the  ascending 
aorta,  the  arch  of  the  aorta,  and  the  descending  aorta,  which  last  is  again  divided  into 
the  thoracic  and  abdominal  aorta. 

THE  ASCENDING  AORTA  (AORTA  ASCENDENS)  (Fig.  525). 

The  ascending  aorta  is  about  5  cm.  in  length.  It  commences  at  the  upper  part 
of  the  base  of  the  left  ventricle,  on  a  level  with  the  lower  border  of  the  third  costal 
cartilage  behind  the  left  half  of  the  sternum;  it  passes  obliquely  upward,  forward, 
and  to  the  right,  in  the  direction  of  the  heart's  axis,  as  high  as  the  upper  border 
of  the  second  right  costal  cartilage,  describing  a  slight  curve  in  its  course,  and  being 
situated,  about  6  cm.  behind  the  posterior  surface  of  the  sternum.  At  its  origin 
it  presents,  opposite  the  segments  of  the  aortic  valve,  three  small  dilatations 
called  the  aortic  sinuses.  At  the  union  of  the  ascending  aorta  with  the  aortic  arch 
the  caliber  of  the  vessel  is  increased,  owing  to  a  bulging  of  its  right  wall,  and  on 
transverse  section  presents  a  somewhat  oval  figure.  The  ascending  aorta  is  con- 
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tained  within  the  pericardium,  and  is  enclosed  in  a  tube  of  the  serous  pericardium, 
common  to  it  and  the  pulmonary  artery. 

Relations. — The  ascending  aorta  is  covered  at  its  commencement  by  the  trunk  of  the  pul¬ 
monary  artery  and  the  right  auricula,  and,  higher  up,  is  separated  from  the  sternum  by  the 
pericardium,  the  right  pleura,  the  anterior  margin  of  the  right  lung,  some  loose  areolar  tissue, 
and  the  remains  of  the  thymus;  posteriorly,  it  rests  upon  the  left  atrium  and  right  pulmonary 
artery.  On  the  right  side,  it  is  in  relation  with  the  superior  vena  cava  and  right  atrium,  the 
former  lying  partly  behind  it;  on  the  left  side,  with  the  pulmonary  art  cry. 
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Fig.  SI’S.-— The  arch  of  tho  aorta,  and  ile  branches. 


Branches. — The  only  branches  of  the  ascending  aorta  are  the  two  coronary 
arteries  which  supply  the  heart;  they  arise  near  the  commencement  of  the  aorta 
immediately  above  the  attached  margins  of  the  semilunar  valves. 

The  Coronary  Arteries. — The  Eight  Coronary  Artery  (&.  coumaria  [cord/.?]  dextra) 
urwcx  from  the  right  aortic  sinus.  It  passes  at  first  between  the  conus  arteriosus 
mid  the  right  auricula  and  then  runs  in  the  right  portion  of  the  coronary  sulcus, 
coursing  at  first  from  the  left  to  right  and  then  on  the  diaphragmatic  surface  of 
the  heart  from  right  to  left  as  far  as  the  posterior  longitudinal  sulcus,  down  which 
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it  is  continued  to  the  apex  of  the  heart  as  the  posterior  descending  branch.  It  gives 
off  a  large  marginal  branch  which  follows  the  acute  margin  of  the  heart  and  supplies 
branches  to  both  surfaces  of  the  right  ventricle.  It  also  gives  twigs  to  the  right 
atrium  and  to  the  part  of  the  left  ventricle  which  adjoins  the  posterior  longitudinal 
sulcus. 

The  Left  Coronary  Artery  (a.  coronaria  [cordis]  sinistra ),  larger  than  the  right, 
arises  from  the  left  posterior  aortic  sinus  and  divides  into  an  anterior  descending 
and  a  circumflex  branch.  The  anterior  descending  branch  passes  at  first  behind  the 
pulmonary  artery  and  then  comes  forward  between  that  vessel  and  the  left  auricula 
to  reach  the  anterior  longitudinal  sulcus,  along  which  it  descends  to  the  incisura 
apicis  cordis;  it  gives  branches  to  both  ventricles.  The  circumflex  branch  follows 
the  left  part  of  the  coronary  sulcus,  running  first  to  the  left  and  then  to  the  right, 
reaching  nearly  as  far  as  the  posterior  longitudinal  sulcus;  it  gives  branches  to  the 
left  atrium  and  ventricle.  There  is  a  free  anastomosis  between  the  minute 
branches  of  the  tw  o  coronary  arteries  in  the  substance  of  the  heart. 

Peculiarities. — These  vessels  occasionally  arise  by  a  common  trunk,  or  their  number  may  be 
increased  to  three,  the  additional  branch  being  of  small  size.  More  rarely,  there  are  two  addi¬ 
tional  branches. 

THE  ABCH  OF  THE  AOETA  (ABCUS  AORTA;  TRANSVERSE 
AORTA)  (Fig.  525). 

The  arch  of  the  aorta  begins  at  the  level  of  the  upper  border  of  the  second  sterno¬ 
costal  articulation  of  the  right  side,  and  runs  at  first  upward,  backward,  and  to  the 
left  in  front  of  the  trachea ;  it  is  then  directed  backw  ard  on  the  left  side  of  the  trachea 
and  finally  passes  downward  on  the  left  side  of  the  body  of  the  fourth  thoracic 
vertebra,  at  the  lower  border  of  which  it  becomes  continuous  with  the  descending 
aorta.  It  thus  forms  two  curvatures:  one  with  its  convexity  upward,  the  other 
with  its  convexity  forward  and  to  the  left.  Its  upper  border  is  usually  about  2.5 
cm.  belowr  the  superior  border  to  the  manubrium  sterni. 

Relations. — The  arch  of  the  aorta  is  covered  anteriorly  by  the  pleurae  and  anterior  margins 
of  the  lungs,  and  by  the  remains  of  the  thymus.  As  the  vessel  runs  backward  its  left  side  is  in 
contact  with  the  left  lung  and  pleura.  Passing  downward  on  the  left  side  of  this  part  of  the  arch 
are  four  nerves;  in  order  from  before  backward  these  are,  the  left  phrenic,  the  lower  of  the  superior 
cardiac  branches  of  the  left  vagus,  the  superior  cardiac  branch  of  the  left  sympathetic,  and  the 
trunk  of  the  left  vagus.  As  the  last  nerve  crosses  the  arch  it  gives  off  its  recurrent  branch,  which 
hooks  around  below  the  vessel  and  then  passes  upward  on  its  right  side.  The  highest  left  inter¬ 
costal  vein  runs  obliquely  upward  and  forward  on  the  left  side  of  the  arch,  between  the  phrenic 
and  vagus  nerves.  On  the  right  are  the  deep  part  of  the  cardiac  plexus,  the  left  recurrent  nerve, 
the  esophagus,  and  the  thoracic  duct;  the  trachea  lies  behind  and  to  the  right  of  the  vessel. 
Above  are  the  innominate,  left  common  carotid,  and  left  subclavian  arteries,  which  arise  from 
the  convexity  of  the  arch  and  are  crossed  close  to  their  origins  by  the  left  innominate  vein.  Below 
are  the  bifurcation  of  the  pulmonary  artery,  the  left  bronchus,  the  ligamentum  arteriosum,  the 
superficial  part  of  the  cardiac  plexus,  and  the  left  recurrent  nerve.  As  already  stated,  the  liga¬ 
mentum  arteriosum  connects  the  commencement  of  the  left  pulmonary  artery  to  the  aortic  arch. 

Between  the  origin  of  the  left  subclavian  artery  and  the  attachment  of  the  ductus 
arteriosus  the  lumen  of  the  fetal  aorta  is  considerably  narrowed,  forming  wThat  is 
termed  the  aortic  isthmus,  wThile  immediately  beyond  the  ductus  arteriosus  the 
vessel  presents  a  fusiform  dilation  which  His  has  named  the  aortic  spindle — the 
point  of  junction  of  the  two  parts  being  marked  in  the  concavity  of  the  arch  by  an 
indentation  or  angle.  These  conditions  persist,  to  some  extent,  in  the  adult,  where 
His  found  that  the  average  diameter  of  the  spindle  exceeded  that  of  the  isthmus 
by  3  mm. 

Distinct  from  this  diffuse  and  moderate  stenosis  at  the  isthmus  is  the  condition  known  as 
coarctation  of  the  aorta ,  or  marked  stenosis  often  amounting  to  complete  obliteration  of  its  lumen, 
seen  in  adults  and  occurring  at  or  near,  oftenest  a  little  below,  the  insertion  of  the  ligamentum 
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arteriosum  into  the  aorta.  According  to  Bonnet1  this  coarctation  is  never  found  in  the  fetus  or 
at  birth,  and  is  due  to  an  abnormal  extension  of  the  peculiar  tissue  of  the  ductus  into  the  aortic 
wall,  which  gives  rise  to  a  simultaneous  stenosis  of  both  vessels  as  it  contracts  after  birth — the 
ductus  is  usually  obliterated  in  these  cases.  An  extensive  collateral  circulation  is  set  up,  by  the 
costocervicals,  internal  mammaries,  and  the  descending  branches  of  the  transverse  cervical 
fcbove  the  stenosis,  and  below  it  by  the  first  four  aortic  intercostals,  the  pericardiaco-phrenics, 
and  the  superior  and  inferior  epigastrics. 

Peculiarities. — The  height  to  which  the  aorta  rises  in  the  thorax  is  usually  about  2.5  cm. 
below  the  upper  border  of  the  sternum;  but  it  may  ascend  nearly  to  the  top  of  the  bone.  Occa¬ 
sionally  it  is  found  4  cm.,  more  rarely  from  5  to  8  cm.  below  this  point.  Sometimes  the  aorta 
arches  over  the  root  of  the  right  lung  (right  aortic  arch)  instead  of  over  that  of  the  left,  and  passes 
down  on  the  right  side  of  the  vertebral  column,  a  condition  which  is  found  in  birds.  In  such  cases 
ail  the  thoracic  and  abdominal  viscera  are  transposed.  Less  frequently  the  aorta,  after  arching 
over  the  root  of  the  right  lung,  is  directed  to  its  usual  position  on  the  left  side  of  the  vertebral 
column;  this  peculiarity  is  not  accompanied  by  transposition  of  the  viscera.  The  aorta  occa¬ 
sionally  divides,  as  in  some  quadrupeds,  into  an  ascending  and  a  descending  trunk,  the  former 
of  which  is  directed  vertically  upward,  and  subdivides  into  three  branches,  to  supply  the  head 
and  upper  extremities.  Sometimes  the  aorta  subdivides  near  its  origin  into  two  branches,  which 
soon  reunite.  In  one  of  these  cases  the  esophagus  and  trachea  were  found  to  pass  through  the 
interval  between  the  two  branches;  this  is  the  normal  condition  of  the  vessel  in  the  reptilia. 

Branches  (Figs.  525,  526). — The  branches  given  off  from  the  arch  of  the  aorta 
are  three  in  number:  the  innominate,  the  left  common  carotid,  and  the  left  subclavian. 

Peculiarities. — Position  of  the  Branches. — The  branches,  instead  of  arising  from  the  highest 
part  of  the  arch,  may  spring  from  the  commencement  of  the  arch  or  upper  part  of  the  ascending 
aorta;  or  the  distance  between  them  at  their  origins  may  be  increased  or  diminished,  the  most 
frequent  change  in  this  respect  being  the  approximation  of  the  left  carotid  toward  the  innominate 
artery. 

The  number  of  the  primary  branches  may  be  reduced  to  one,  or  more  commonly  two;  the  left 
carotid  arising  from  the  innominate  artery;  or  (more  rarely)  the  carotid  and  subclavian  arteries 
of  the  left  side  arising  from  a  left  innominate  artery.  But  the  number  may  be  increased  to  four, 
from  the  right  carotid  and  subclavian  arteries  arising  directly  from  the  aorta,  the  innominate 
being  absent.  In  most  of  these  latter  cases  the  right  subclavian  has  been  found  to  arise  from  the 
left  end  of  the  arch;  in  other  cases  it  is  the  second  or  third  branch  given  off,  instead  of  the  first. 
Another  common  form  in  which  there  are  four  primary  branches  is  that  in  which  the  left  vertebral 
artery  arises  from  the  arch  of  the  aorta  between  the  left  carotid  and  subclavian  arteries.  Lastly, 
the  number  of  trunks  from  the  arch  may  be  increased  to  five  or  six;  in  these  instances,  the  external 
and  internal  carotids  arise  separately  from  the  arch,  the  common  carotid  being  absent  on  one  or 
both  sides.  In  some  few  cases  six  branches  have  been  found,  and  this  condition  is  associated 
with  the  origin  of  both  vertebral  arteries  from  the  arch. 

Number  Usual,  Arrangement  Different. — When  the  aorta  arches  over  to  the  right  side,  the 
three  branches  have  an  arrangement  the  reverse  of  what  is  usual;  the  innominate  artery  is  a  left 
one,  and  the  right  carotid  and  subclavian  arise  separately.  In  other  cases,  where  the  aorta  takes 
its  usual  course,  the  two  carotids  may  be  joined  in  a  common  trunk,  and  the  subclavians  arise 
separately  from  the  arch,  the  right  subclavian  generally  arising  from  the  left  end  of  the  arch. 

In  some  instances  other  arteries  spring  from  the  arch  of  the  aorta.  Of  these  the  most  common 
are  the  bronchial,  one  or  both,  and  the  thyreoidea  ima;  but  the  internal  mammary  and  the  inferior 
thyroid  have  been  seen  to  arise  from  this  vessel. 


The  Innominate  Artery  (A.  Anonyma;  Brachiocephalic  Artery)  (Fig.  525). 

The  innominate  artery  is  the  largest  branch  of  the  arch  of  the  aorta,  and  is  from 
4  to  5  cm.  in  length.  It  arises ,  on  a  level  with  the  upper  border  of  the  second 
right  costal  cartilage,  from  the  commencement  of  the  arch  of  the  aorta,  on  a  plane 
anterior  to  the  origin  of  the  left  carotid;  it  ascends  obliquely  upward,  backward, 
and  to  the  right  to  the  level  of  the  upper  border  of  the  right  sternoclavicular 
articulation,  where  it  divides  into  the  right  common  carotid  and  right  subclavian 
arteries. 

Halations. — Anteriorly ,  it  is  separated  from  the  manubrium  stemi  by  the  Sternohyoideus  and 
Sternothyreoideus,  the  remains  of  the  thymus,  the  left  innominate  and  right  inferior  thyroid  veins 
which  cross  its  root,  and  sometimes  the  superior  cardiac  branches  of  the  right  vagus.  Posterior 
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to  it  is  the  trachea,  which  it  crosses  obliquely.  On  the  right  side  are  the  right  innominate  vein, 
the  superior  vena  cava,  the  right  phrenic  nerve,  and  the  pleura;  and  on  the  left  side ,  the  remains 
of  the  thymus,  the  origin  of  the  left  common  carotid  artery,  the  inferior  thyroid  veins,  and  the 
trachea. 

Branches. — The  innominate  artery  usually  gives  off  no  branches;  but  occasion¬ 
ally  a  small  branch,  the  thyreoidea  ima,  arises  from  it.  Sometimes  it  gives  of!  a 
thymic  or  bronchial  branch. 

The  thyreoidea  ima  (a.  thyreoidea  ima)  ascends  in  front  of  the  trachea  to  the 
lower  part  of  the  thyroid  gland,  which  it  supplies.  It  varies  greatly  in  size,  and 
appears  to  compensate  for  deficiency  or  absence  of  one  of  the  other  thyroid 
vessels.  It  occasionally  arises  from  the  aorta,  the  right  common  carotid,  the 
subclavian  or  the  internal  mammary. 

Point  of  Division. — The  innominate  artery  sometimes  divides  above  the  level  of  the  sterno¬ 
clavicular  joint,  less  frequently  below  it. 

Position. — When  the  aortic  arch  is  on  the  right  side,  the  innominate  is  directed  to  the  left  side 
of  the  neck. 

Collateral  Circulation. — Allan  Bums  demonstrated,  on  the  dead  subject,  the  possibility  of  the 
establishment  of  the  collateral  circulation  after  ligature  of  the  innominate  artery,  by  tying  and 
dividing  that  artery.  He  then  found  that  “Even  coarse  injection,  impelled  into  the  aorta,  passed 
freely  by  the  anastomosing  branches  into  the  arteries  of  the  right  arm,  filling  them  and  all  the 
vessels  of  the  head  completely.”1  The  branches  by  which  this  circulation  would  be  carried  on 
are  very  numerous;  thus,  all  the  communications  across  the  middle  line  between  the  branches 
of  the  carotid  arteries  of  opposite  sides  would  be  available  for  the  supply  of  blood  to  the  right 
side  of  the  head  and  neck;  while  the  anastomosis  between  the  costocervical  of  the  subclavian  and 
the  first  aortic  intercostal  (see  infra  on  the  collateral  circulation  after  obliteration  of  the  thoracic 
aorta)  would  bring  the  blood,  by  a  free  and  direct  course,  into  the  right  subclavian.  The  numerous 
connections,  also,  between  the  intercostal  arteries  and  the  branches  of  the  axillary  and  internal 
mammary  arteries  would,  doubtless,  assist  in  the  supply  of  blood  to  the  right  arm,  while  the 
inferior  epigastric  from  the  external  iliac  would,  by  means  of  its  anastomosis  with  the  internal 
mammary,  compensate  for  any  deficiency  in  the  vascularity  of  the  wall  of  the  chest. 


THE  ARTERIES  OF  THE  HEAD  AND  NECK. 

The  principal  arteries  of  supply  to  the  head  and  neck  are  the  two  common 
carotids;  they  ascend  in  the  neck  and  each  divides  into  two  branches,  viz.,  (1)  the 
external  carotid,  supplying  the  exterior  of  the  head,  the  face,  and  the  greater  part 
of  the  neck;  (2)  the  internal  carotid,  supplying  to  a  great  extent  the  parts  within 
the  cranial  and  orbital  cavities. 


THE  COMMON  CAROTID  ARTERT  (A.  CAROTIS  COMMUNIS). 

The  common  carotid  arteries  differ  in  length  and  in  their  mode  of  origin.  The 
right  begins  at  the  bifurcation  of  the  innominate  artery  behind  the  sternoclavicular 
joint  and  is  confined  to  the  neck.  The  left  springs  from  the  highest  part  of  the 
arch  of  the  aorta  to  the  left  of,  and  on  a  plane  posterior  to  the  innominate  artery, 
and  therefore  consists  of  a  thoracic  and  a  cervical  portion. 

The  thoracic  portion  of  the  left  common  carotid  artery  ascends  from  the  arch  of 
the  aorta  through  the  superior  mediastinum  to  the  level  of  the  left  sternoclavicular 
joint,  where  it  is  continuous  with  the  cervical  portion. 

Relations. — In  front ,  it  is  separated  from  the  manubrium  stemi  by  the  Stemohyoideus  and 
Stemothyreoideu8,  the  anterior  portions  of  the  left  pleura  and  lung,  the  left  innominate  vein, 
and  the  remains  of  the  thymus;  behind ,  it  lies  on  the  trachea,  esophagus,  left  recurrent  nerve, 
and  thoracic  duct.  To  its  right  side  below  is  the  innominate  artery,  and  above,  the  trachea,  the 
inferior  thyroid  veins,  and  the  remains  of  the  thymus;  to  its  left  side  are  the  left  vagus  and  phrenic 
nerves,  left  pleura,  and  lung.  The  left  subclavian  artery  is  posterior  and  slightly  lateral  to  it. 


1  Surgical  Anatomy  of  t  ie  Head  and  Neck,  p.  62. 
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The  cervical  portions  of  the  common  carotids  resemble  each  other  so  closely 
that  one  description  will  apply  to  both  (Fig.  527).  Each  vessel  passes  obliquely 
upward,  from  behind  the  sternoclavicular  articulation,  to  the  level  of  the  upper 
border  of  the  thyroid  cartilage,  where  it  divides  into  the  external  and  internal 
carotid  arteries. 


Cricothyroid 

ortcn/ 


Ffo  527  — Superficial  direction  of  the  right  aide  of  the  neck,  showing  the  carotid  and  subclavian  arteries. 


At  the  lower  part  of  the  neck  the  twro  common  carotid  arteries  are  separated 
from  each  other  by  a  very  narrow  interval  which  contains  the  trachea  ;  but  at  the 
upper  part,  the  thyroid  gland,  the  larynx  and  pharynx  project  forward  between 
the  two  vessels.  The  common  carotid  artery  is  contained  in  a  sheath,  which  is 
derived  from  the  deep  cervical  fascia  and  encloses  also  the  internal  jugular  vein 
and  vagus  nerve,  the  vein  lying  lateral  to  the  artery,  and  the  nerve  between  the 
artery  and  vein,  on  a  plane  posterior  to  both.  On  opening  the  sheath,  each  of 
these  three  structures  is  seen  to  have  a  separate  fibrous  investment. 


558 


ANGIOLOGY 


'Relations. — At  the  lower  part  of  the  neck  the  common  carotid  artery  is  very  deeply  seated, 
being  covered  by  the  integument,  superficial  fascia,  Platysma,  and  deep  cervical  fascia,  the  Stern o- 
cleidomastoideus,  Stemohyoideus,  Stemothyreoideus,  and  Omohyoideus;  in  the  upper  part  of 
its  course  it  is  more  superficial,  being  covered  merely  by  the  integument,  the  superficial  fascia, 
Platysma,  deep  cervical  fascia,  and  medial  margin  of  the  Stemocleidomastoideus.  When  the 
latter  muscle  is  drawn  backward,  the  artery  is  seen  to  be  contained  in  a  triangular  space,  the 
carotid  triangle,  bounded  behind  by  the  Stemocleidomastoideus,  above  by  the  Stylohyoideus 
and  posterior  belly  of  the  Digastricus,  and  below  by  the  superior  belly  of  the  Omohyoideus. 
This  part  of  the  artery  is  crossed  obliquely,  from  its  medial  to  its  lateral  side,  by  the  sterno¬ 
cleidomastoid  branch  of  the  superior  thyroid  artery;  it  is  also  crossed  by  the  superior  and  middle 
thyroid  veins  which  end  in  the  internal  jugular;  descending  in  front  of  its  sheath  is  the  descending 
branch  of  the  hypoglossal  nerve,  this  filament  being  joined  by  one  or  two  branches  from  the 
cervical  nerves,  which  cross  the  vessel  obliquely.  Sometimes  the  descending  branch  of  the  hypo¬ 
glossal  nerve  is  contained  within  the  sheath.  The  superior  thyroid  vein  crosses  the  artery  near 
its  termination,  and  the  middle  thyroid  vein  a  little  below  the  level  of  the  cricoid  cartilage;  the 
anterior  jugular  vein  crosses  the  artery  just  above  the  clavicle,  but  is  separated  from  it  by  the 
Stemohyoideus  and  Stemothyreoideus.  Behind ,  the  artery  is  separated  from  the  transverse 
processes  of  the  cervical  vertebra  by  the  Longus  colli  and  Longus  capitis,  the  sympathetic  trunk 
being  interposed  between  it  and  the  muscles.  The  inferior  thyroid  artery  crosses  behind  the 
lower  part  of  the  vessel.  Medially ,  it  is  in  relation  with  the  esophagus,  trachea,  and  thyroid 
gland  (which  overlaps  it),  the  inferior  thyroid  artery  and  recurrent  nerve  being  interposed ;  higher 
up,  with  the  larynx  and  pharynx.  Lateral  to  the  artery  are  the  internal  jugular  vein  and  vagus 
nerve. 

At  the  lower  part  of  the  neck,  the  right  recurrent  nerve  crosses  obliquely  behind  the  artery; 
the  right  internal  jugular  vein  diverges  from  the  artery,  but  the  left  approaches  and  often  over¬ 
laps  the  lower  part  of  the  artery. 

Behind  the  angle  of  bifurcation  of  the  common  carotid  artery  is  a  reddish-brown  oval  body, 
known  as  the  glomus  caroticum  {carotid  body).  It  is  similar  in  structure  to  the  glomus  coccyfeum 
(coccygeal  body)  which  is  situated  on  the  middle  sacral  artery. 

Peculiarities  as  to  Origin. — The  right  common  carotid  may  arise  above  the  level  of  the  upper 
border  of  the  sternoclavicular  articulation;  this  variation  occurs  in  about  12  per  cent,  of  cases. 
In  other  cases  the  artery  may  arise  as  a  separate  branch  from  the  arch  of  the  aorta,  or  in  con¬ 
junction  with  the  left  carotid.  The  left  common  carotid  varies  in  its  origin  more  than  the  right. 
In  the  majority  of  abnormal  cases  it  arises  with  the  innominate  artery;  if  that  artery  is  absent, 
the  two  carotids  arise  usually  by  a  single  trunk.  It  is  rarely  joined  with  the  left  subclavian^ 
except  in  cases  of  transposition  of  the  aortic  arch. 

Peculiarities  as  to  Point  of  Division. — In  the  majority  of  abnormal  cases  this  occurs  higher 
than  usual,  the  artery  dividing  opposite  or  even  above  the  hyoid  bone;  more  rarely,  it  occurs 
below,  opposite  the  middle  of  the  larynx,  or  the  lower  border  of  the  cricoid  cartilage;  one  case 
is  related  by  Morgagni,  where  the  artery  was  only  4  cm.  in  length  and  divided  at  the  root  of  the 
neck.  Very  rarely,  the  common  carotid  ascends  in  the  neck  without  any  subdivision,  either  the 
external  or  the  internal  carotid  being  wanting;  and  in  a  few  cases  the  common  carotid  has  been 
found  to  be  absent,  the  external  and  internal  carotids  arising  directly”  from  the  arch  of  the  aorta. 
This  peculiarity  existed  on  both  sides  in  some  instances,  on  one  side  in  others. 

Occasional  Branches. — The  common  carotid  usually  gives  off  no  branch  previous  to  its  bifurca¬ 
tion,  but  it  occasionally  gives  origin  to  the  superior  thyroid  or  its  laryngeal  branch,  the  ascend¬ 
ing  pharyngeal,  the  inferior  thyroid,  or,  more  rarely,  the  vertebral  artery. 

Collateral  Circulation. — After  ligature  of  the  common  carotid,  the  collateral  circulation  can 
be  perfectly  established,  by  the  free  communication  which  exists  between  the  carotid  arteries 
of  opposite  sides,  both  without  and  within  the  cranium,  and  by  enlargement  of  the  branches  of 
the  subclavian  artery  on  the  side  corresponding  to  that  on  which  the  vessel  has  been  tied.  The 
chief  communications  outside  the  skull  take  place  between  the  superior  and  inferior  thyroid 
arteries,  and  the  profunda  cervicis  and  ramus  descendens  of  the  occipital;  the  vertebral  takes 
the  place  of  the  internal  carotid  within  the  cranium. 


The  External  Carotid  Artery  (A.  Carotis  Externa)  (Fig.  527). 

The  external  carotid  artery  begins  opposite  the  upper  border  of  the  thyroid 
cartilage,  and,  taking  a  slightly  curved  course,  passes  upward  and  forward,  and 
then  inclines  backward  to  the  space  behind  the  neck  of  the  mandible,  where  it 
divides  into  the  superficial  temporal  and  internal  maxillary  arteries.  It  rapidly 
diminishes  in  size  in  its  course  up  the  neck,  owing  to  the  number  and  large  size 
of  the  branches  given  off  from  it.  In  the  child,  it  is  somewhat  smaller  than  the 
internal  carotid;  but  in  the  adult,  the  two  vessels  are  of  nearly  equal  size.  At  its 
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origin,  this  artery  is  more  superficial,  apd  placed  nearer  the  middle  line  than  the 
internal  carotid,  and  is  contained  within  the  carotid  triangle. 

Relations. — The  external  carotid  artery  is  covered  by  the  skin,  superficial  fascia,  Platysma, 
deep  fascia,  and  anterior  margin  of  the  Stemocleidomastoideus;  it  is  crossed  by  the  hypoglossal 
nerve,  by  the  lingual,  ranine,  common  facial,  and  superior  thyroid  veins;  and  by  the  Digastricus 
and  Stylohyoideus;  higher  up  it  passes  deeply  into  the  substance  of  the  parotid  gland,  where 
it  lies  deep  to  the  facial  nerve  and  the  junction  of  the  temporal  and  internal  maxillary  veins. 
Medial  to  it  are  the  hyoid  bone,  the  wall  of  the  pharynx,  the  superior  laryngeal  nerve,  and  a 
portion  of  the  parotid  gland.  Lateral  to  it,  in  the  lower  part  of  its  course,  is  the  internal  carotid 
artery.  Posterior  to  it,  near  its  origin,  is  the  superior  laryngeal  nerve;  and  higher  up,  it  is  sepa¬ 
rated  from  the  internal  carotid  by  the  Styloglossus  and  Stylopharyngeus,  the  glossopharyngeal 
nerve,  the  pharyngeal  branch  of  the  vagus,  and  part  of  the  parotid  gland. 

Branches. — The  branches  of  the  external  carotid  artery  may  be  divided  into  four 
sets. 


Anterior .  Posterior .  Ascending .  Terminal . 

Superior  Thyroid.  Occipital.  Ascending  Superficial  Temporal. 

Lingual.  Posterior  Auricular.  Pharyngeal.  Internal  Maxillary. 

External  Maxillary. 

1.  The  superior  thyroid  artery  (a.  thyreoidea  superior)  (Fig.  527)  arises  from 
the  external  carotid  artery  just  below  the  level  of  the  greater  cornu  of  the  hyoid 
bone  and  ends  in  the  thyroid  gland. 

Relations. — From  its  origin  under  the  anterior  border  of  the  Stemocleidomastoideus  it  runs 
upward  and  forward  for  a  short  distance  in  the  carotid  triangle,  where  it  is  covered  by  the  skin, 
Platysma,  and  fascia;  it  then  arches  downward  beneath  the  Omohyoideus,  Stemohyoideus,  and 
Stemothyreoideus.  To  its  medial  side  are  the  Constrictor  pharyngis  inferior  and  the  external 
branch  of  the  superior  laryngeal  nerve. 

Branches. — It  distributes  twigs  to  the  adjacent  muscles,  and  numerous  branches 
to  the  thyroid  gland,  anastomosing  with  its  fellow  of  the  opposite  side,  and  with 
the  inferior  thyroid  arteries.  The  branches  to  the  gland  are  generally  two  in 
number;  one,  the  larger,  supplies  principally  the  anterior  surface;  on  the  isthmus 
of  the  gland  it  anastomoses  with  the  corresponding  artery  of  the  opposite  side: 
a  second  branch  descends  on  the  posterior  surface  of  the  gland  and  anastomoses 
with  the  inferior  thyroid  artery. 

Besides  the  arteries  distributed  to  the  muscles  and  to  the  thyroid  gland,  the 
branches  of  the  superior  thyroid  are: 

Hyoid.  Superior  Laryngeal. 

Sternocleidomastoid.  Cricothyroid. 

The  Hyoid  Branch  {ramus  hyoideus;  infrahyoid  branch)  is  small  and  runs  along 
the  lower  border  of  the  hyoid  bone  beneath  the  Thyreohyoideus  and  anastomoses 
with  the  vessel  of  the  opposite  side. 

The  Sternocleidomastoid  Branch  {ramus  sternocleidxmmstoideiLs;  sternornaMoid 
branch)  runs  downward  and  lateralward  across  the  sheath  of  the  common  carotid 
artery,  and  supplies  the  Stemocleidomastoideus  and  neighboring  muscles  and 
integument;  it  frequently  arises  as  a  separate  branch  from  the  external  carotid. 

The  Superior  Laryngeal  Artery  (a.  laryngea  superior) ,  larger  than  either  of  the 
preceding,  accompanies  the  internal  laryngeal  branch  of  the  superior  laryngeal 
nerve,  beneath  the  Thyreohyoideus;  it  pierces  the  hyothyroid  membrane,  and 
supplies  the  muscles,  mucous  membrane,  and  glands  of  the  larynx,  anastomosing 
with  the  branch  from  the  opposite  side. 

The  Cricothyroid  Branch  {ramus  cricothyreoideus)  is  small  and  runs  transversely 
across  the  cricothyroid  membrane,  communicating  with  the  artery  of  the  opposite 
side. 
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•  '  •  #ii  '.■.'  hiy  <>:  Mii'tair.  :i-  fox  **>  l)«t*  tpMt0-Xbp  >^iipe  of  tfe  profundal 
linguee, 

Belfttions.— Its  fin^t  Pr  oblique/ portion  is  superficial,  tutd  is  cmttin&i  mihin  the  carotid 
triangle-;  It  nests,  upon  the  Go^fiHetor  phaiyngis •  medium, •  end  is  covered  by  Ite  I%tysiaa'  and 
the  fecia  of  the  neck.  lu<  second,  or  curved,  .faVrtiou.abiro  h^  upon  t;he‘0«»«trietor  pharj7<g» 
med) us,  being  poverai.  ai  first  by  the  tendon  of  the  Digimticus  and:  hy  lhe  Siyloitvauleiis,  and 
afterward  by  the  Hyoglossus.  ltd  third,  or  hort^ouV/d,  .portion  liea  h H* i'\fi i  t. lie  H yoglossua  and 
Genjoglo^:oa.  The  fourth,  or  terminal  \WU  un ike  the  mime,  hi  (rmwt; 

artery)  riuus  akmg  the  under  surface  of  the  topgae  to  its  tip./fe  xi  is  sut^rdidi  f cnVeired 
only  by  tmiepus  membrane;  is  iiu-inedial  smje 

the  C^pjoglo^us.  Th^  hypfigteiasal  h;xvn>®ies  •  tlie. fet- -'jpaH'M ,tte  Smgtt£L  i*rter>\  butte  ^ 

rated  from  thte  second  part  by  tbe  Hyoglossns. 

BtMchesSv^The  branches  of  the  iuiguat'  artery  are; 

Hyoid.  Sublingual, 

tlorsales  liugum.  Profuuda  lingua*. 

The  Hyoid  Blanch  (rninu#  hyrHdmw;  giqrrahyiHd  branch)  runs  along  the  upper 
border  at  itie-  hyoid  bomb  supplying  to"  it  ilml  iwastosiiosiag 

with  its  fellow  of  the  opposite  ride 

Tbt-  Arteriffi  JJoraalea  Iduguffi  (rami  dormles  iinym)  consist  .U$u4ly  -of  .tsvi*  at 
three  small'  branches  which  arise  beneath  the  ByogfossUs;  they  siscemlto.  tin-  hack 
part,  of  the  dorapn  of  the.  tongue,  »u*l  supply  the  mucous  membrane  in  this  situa¬ 
tion,  the  glossopabv title  ardi,  the  tonsil*  soft'  palate, .  and  epiglottis',  anastomosing 
with  the  vessels  of  the  opposite  >idt%  „  ,  -  '  ■  •.  . 

The  Sublingual ,  .Artery  fly ^Mhlinguatis) arises  n-t  ih<t  anterior  margin  of  theityo- 
glossily.  and  runs  forward  between  tip;  Ocmoglossus  and  Mylohyoideus  to  the  sub¬ 
lingual  giamiL  It  supplies  the  gland  and  gives  brandies  to  the  Mylohywleus-  and 
neighboring  muscles,  and  to  the  mucous  membrane  of  the  mouth  and  gums,  (>r.e 
branch  runs  behind  the'  alveolar  process  of  the  mandible  in  the  substance  of  the 
gum  to  anastomosie  with  a  -similar  artery  from  the  other  side:  another  pkrees 
the  MytahyoidtUK  aft<l  anastomoses  with, the  submental  branch  of  ti«c  vxt&aal 
maxillary  artery,  '  ■  ■  .  -  .  .  ”, .’.  •  '. '  . 

The  Arteria  Prolunda  Linguis  (/anitw  arte terminal 
portion  of  the  lingual  iirtery ;  it  pursues  a  tortiicws  course  and  runs  along  the  under 
surface  of  the  tongue,  below  the  Ijougitudin&lis  inferior,  and  above  the  ffniixm? 
membrane;  it.. lies  «u  the  lateral  side  of  the  Geniogiossus,  accompanied  by  the 
lingual  nerve.  At  the  of.  pie  tongue,  ills'  said  to  anastomose  with  the  artery 
of  the  opposite  ^idc,  hut  ibisis  denied  by  Hyrtl.  lit  the  mouth,  these  vessels  are 
placed. one  ou  either  side  of  the  frenulum  lingua*. 

3.  Tbe  exteraa!  tnttllhry  artery  (a.  maxilkine  externa.;  fuciat  artery)  {Fig,  58b),  • 
Brunt*  in  the  carotid  triangle  a,  little  above  the  lingual  artery  ami.  sbeltepsd  by  the 
ramus  of  the  mandible,  passes  obliquely  up  ben*?uth  the  Digastnvus  and  Stylo- 
hyoideus,  over  which  it  arches  to  enter  u  gr***ve  on  the.-  posterior  surface  of  the 
subratixillary  ^ndy>c|sT)t^hi;(»>ify«s  upward:  over  the  hpf  Jy  of  the  mandible  at  the 
nntero-inferior  angle  of  the  MasSeUTi  passes  TpPifwrd ^ pod  upward  across  the  cheek 
to  the  angle  of  the  mouth,  then  ascend*  along  the  side  of  the  nose,  and  ends  ai 
the  medial  commissure  of  the  eye,  under  the  mme  of  the  angulajr  artery.  This 
vessel,  both  in  the  neck  and  on  the  face,  is  remarkably  tortuous:  in  the  former 
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situation,  to  accommodate  itself  to  the  movements  of  the  pharynx  in  deglutition 
and  in  the  latter,  to  the  movements  of  the  mandible,  lips,  and  cheeks. 

In  the  neck ,  its  origin  is  superficial,  being  covered  by  the  integument,  PlnU^H 


Relations.  H . H (HI  1 _ .  .  W (HI . 

and  fascia;  it  then  passes  beneath  the  Digastricus  and  Stylohyoideim  muscles  and  fart 
submaxillary  gland,  and  frequently  beneath  the  hypoglossal  nerve.  It  Lies  upon  the.  Constri^fcr 
pharyngis  xnedius  and  superior,  the  latter  of  which  separates  it,  at  the  summit,  of  its  arch.  rVH 
the  lower  and  back  part  of  the  tonsil.  On  the  face ,  where  it  passes  over  the  body  of  the  mart  dibler 
it  is  comparatively  superficial,  lying  immediately  beneath  the  Plafystna,  In  its  course  over  the 
face,  it  is  covered  by  the  integument,  the  fat  of  the  cheek,  ami,  near  the  angle  of  t  he  mouth, 
by  the  Platysma,  Riaorius,  and  Zygomaticus.  It  rests  on  the  Buccinator  ami  Caninus,  and 
pa ms  either  over  or  under  the  infraorbital  head  of  the  Quadrat  us  iabii  superions.  The  anterior 
facial  vein  lies  lateral  to  the  artery,  and  takes  a  more  direct  course  across  the  face,  where  it  is 
separated  from  the  artery  by  a  considerable  interval.  In  the  neck  it  lies  superficial  to  the  artery. 
The  branches  of  the  facial  nerve  cross  the  artery  from  behind  forward. 


Angular 


Ijfrifyal 
y  nasal 


lnfcrwt  labial 


Fio,  528 — The  arteries  Of  the  faee  and  scalp. 


Branches. — The  branches  of  the  artery  may  be  divided  into  two  sets:  those 
given  off  in  the  neck  (cervical),  and  those  on  the  face  (facial). 

Cervical  Branches .  Facial  Branches. 

Ascending  Palatine.  Inferior  Labial. 

Tonsillar.  Superior  Labial. 

Glandular.  Lateral  Nasal. 

Submental.  Angular. 

Muscular.  Muscular. 

lThe  muscular  tissue  of  the  tips  must  be  supposed  to  have  been  cut  away,  in  order  to  show  the  course  of  the  labial 
wteric*. 
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The  Ascettdmf  P&latinfc  Artery  ya.  pakUma  i .^renkw)  (Fig,  arhe*  dor*e-to 
the  origin  of  the  Eternal:  maxillary  artery  4Wl  passed  up  hetw.m\  the  Sty  log!  &$$m 
"  nd  Sfylopharyngeu^  to  the  sided  the  pharyrix,  along  whin.li  it U  continued  between 
e  t'oto.trietor  irhiirj’ogis  superior  and  the  Pten'goideus  intcrnus  ft*  h&ur  the  fo&3£ 
The  skull.  It  divides  near  the  LeMitar  rell  pahttini  into,  two  branches  one  fob 
8N  the:eourH'  of  this  muscle  and,  winding  over  the  upper  border  of  the  Constrictor 
tmryngis  superior,  supplies  the  soft  palate  and  the  palatine  glaock>  anastomosing 
with  its  fellow  of  the  opposite  side  aud  with  the  descending  palatine  branch  of  the 
internal  maxillary  artetyt  th^  other  pierces  the -Constrictor  -pharyiagi?  superior 
and  supplies  the  palatine  tonsil  ond  auditory  tube,  anastomosing  with  the  tonsillar 
ami  Ascending  pharyngirafl  arteries..;;.' 

The  ToastiSar  Branch  tramt*  i^mUfnriA  (Fig.  o32)  aM  eiuls  between  the  Ptery- 
gokkus  intermix  and  then  along  the  dfide  the  pliaryuJt, 

perfomting  the  Cousirietor  pharyiigls  superior,  to  ramify  in  the  substance  of  the 
palatine  Son  si  I  and  root  of  the  tongue. 

The  Glandular  Branches  [ranli  gttmthih re$;  xuhptcmlla r#  tirwifiti&t}  constst/ylf  three 
or  four  large  vesorfs,.-  wh;Hi:  supply  the  submaxUlary  gland,  some  bring  prolonged 
to  the  neighboring-  muscles  lymph  glands,  and  integument. 

The  Submental  Artery  (#;  ^ubmvnnilh1)  the  largest  of  the  cervical  branches,  is 
.gm*r* ftii.  fniin  tire :|a.rfcd:4rte^y  just  as  that  vessel  -quits  the  suhmaxitfory  gland: 
it  run*  forward  upon  the:  Mylohyoideus;  just  below*  the . body  •  of  the  mandible* 
and  beneath  tW  ’  1 1  rilpplies  the;*uriftuiidiBgtott.iHdey.  .arid 

:mih  the  suhhngmd  artery  and  with  the  mylohyoid  branch  of  the  inferior  alve/dur; 
at  the  symphysis  menu  it  turns  upward  over  the  border  of  the  mandible  and 
divides  into  a  superficial  and  a  deep  branch.  The  so jicrhcial  braiKli  passes  between 
the  integument  and  Qimdmtus  labii  inferioris,  and  anastomoses  witlv  the  inferior 
labial  artety;'  the  deep  branch  runs  between  tlm  muscle  arid  the  bmrn,  supplies 
the  lip,  and  anastomoses  veu.h  the  inferior  labial  and  mental  arteries. 


y.4* 


*tJ£i 

V(>>  teS  '-Th?  UhtS-f  t*h»i.tti.*tt<!a.  f»f  .Ihg.  ttrd  rttol  1h>  ^wir»  freite  *b* 

tv.wrOUtf  's«WiK?r.  »1U?  rtfuiOvtii  of  Uto  rhuewic^iniitJ^yr;^  U'^iAr-r  »  .  .  ’ 

Tito  Inferior  Labial  Armory  in.  tab  Mis  ittU’ri ->r;  io.ff.rM  -ffumMtn  art  fry  i  near 
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laUUil  glam!',  (he  irux-mis  )iieriihr;r:)i‘,  atnl  the  fmtwhv  >*f  the  lower  lip:  an<j  :u!s>>- 
to!d«sfe  \vltJ>  The  flrterj:  '»f  i;tevop|tosife  siile,  an>l  «cith  the  ioental  hratieit  pf  the 
iul.  ri. .r  ;i''.v.,hr  rrt  r ' . 

The  Superior  Labial  Artery  i-«.  liibinlis.infwy-M:  •  .«/<  jr i.»r > r  rj/' «  ’*  is  larger 

ftruf  Rtorx-  torUitni.i  than  the  the  etige 

of  the  t.tjVjK  r  lip,  l\ ii:„’ Ivi'.'M f  O  the  jfiU«:hus  •;  •■  !;.•  ;tru;l  the  Orhieularis  r>ri>. 

nml  wi*!i  tie;  .«nvn  u$  >iie  ojipo-ife  fhh  .  It  -lipple'-  tin1  upper  lip. 
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and  gives  off  in  its  course  two  or  three  vessels  which  ascend  to  the  nose;  a  septal 
branch  ramifies  on  the  nasal  septum  as  far  as  the  point  of  the  nose,  and  an  alar 
branch  supplies  the  ala  of  the  nose.  , 

The  Lateral  Nasal  branch  is  derived  from  the  external  maxillary  as  that  vessaM 
ascends  along  the  side  of  the  nose.  It  supplies  the  ala  and  dorsum  of  the  nose,  ana$?l 
tomosing  with  its  fellow,  with  the  septal  and  alar  branches,  with  the  dorsal  nasal 
branch  of  the  ophthalmic,  and  with  the  infraorbital  branch  of  the  internal  maxillary. 

The  Angular  Artery  (a.  angularis)  is  the  terminal  part  of  the  external  maxillary; 
it  ascends  to  the  medial  angle  of  the  orbit,  imbedded  in  the  fibers  of  the  angular 
head  of  the  Quadratus  labii  superioris,  and  accompanied  by  the  angular  vein. 
On  the  cheek  it  distributes  branches  which  anastomose  with  the  infraorbital; 
after  supplying  the  lacrimal  sac  and  Orbicularis  oculi,  it  ends  by  anastomosing 
with  the  dorsal  nasal  branch  of  the  ophthalmic  artery. 

The  Muscular  Branches  in  the  neck  are  distributed  to  the  Pterygoideus  internus  and 
Stylohvoideus,  and  on  the  face  to  the  Masseter  and  Buccinator.  The  anastomoses 
of  the  external  maxillary  artery  are  very  numerous,  not  only  with  the  vessel  of 
the  opposite  side,  but,  in  the  neck ,  with  the  sublingual  branch  of  the  lingual,  with 
the  ascending  pharyngeal,  and  by  its  ascending  palatine  and  tonsillar  branches 
with  the  palatine  branch  of  the  internal  maxillary;  on  the  face,  with  the  mental 
branch  of  the  inferior  alveolar  as  it  emerges  from  the  mental  foramen,  writh  the 
transverse  facial  branch  of  the  superficial  temporal,  with  the  infraorbital  branch 
of  the  internal  maxillary,  and  with  the  dorsal  nasal  branch  of  the  ophthalmic. 

Peculiarities. — The  external  maxillary  artery  not  infrequently  arises  in  common  with  the 
lingual.  It  varies  in  its  size  and  in  the  extent  to  which  it  supplies  the  facej  it  occasionally  ends 
as  the  submental,  and  not  infrequently  extends  only  as  high  as  the  angle  of  the  mouth  or  nose. 
The  deficiency  is  then  compensated  for  by  enlargement  of  one  of  the  neighboring  arteries. 

4.  The  occipital  artery  (a.  occipitalis)  (Fig.  528)  arises  from  the  posterior  part 
of  the  external  carotid,  opposite  the  external  maxillary,  near  the  lower  margin 
of  the  posterior  belly  of  the  Digastricus,  and  ends  in  the  posterior  part  of  the  scalp. 

Course  and  Relations. — At  its  origin,  it  is  covered  by  the  posterior  belly  of  the  Digastricus 
and  the  Stylohyoideus,  and  the  hypoglossal  nerve  winds  around  it  from  behind  forward;  higher 
up,  it  crosses  the  internal  carotid  artery,  the  internal  jugular  vein,  and  the  vagus  and  accessory 
nerves.  It  next  ascends  to  the  interval  between  the  transverse  process  of  the  atlas  and  the  mastoid 
process  of  the  temporal  bone,  and  passes  horizontally  backward,  grooving  the  surface  of  the 
latter  bone,  being  covered  by  the  Stemocleidomastoideus,  Splenius  capitis,  Longissimus  capitis, 
and  Digastricus,  and  resting  upon  the  Rectus  capitis  lateralis,  the  ObUquus  superior,  and  Semi- 
spinalis  capitis.  It  then  changes  its  course  and  runs  vertically  upward,  pierces  the  fascia  con¬ 
necting  the  cranial  attachment  of  the  Trapezius  with  the  Stemocleidomastoideus,  and  ascends 
in  a  tortuous  course  in  the  superficial  fascia  of  the  scalp,  where  it  divides  into  numerous  branches, 
which  reach  as  high  as  the  vertex  of  the  skull  and  anastomose  with  the  posterior  auricular  and 
superficial  temporal  arteries.  Its  terminal  portion  is  accompanied  by  the  greater  occipital  nerve. 

Branches. — The  branches  of  the  occipital  artery  are: 

Muscular.  Sternocleidomastoid.  Auricular. 

Meningeal.  Descending. 

The  Muscular  Branches  (rami  musculares)  supply  the  Digastricus,  Stylohyoideus, 
Splenius,  and  Longissimus  capitis. 

The  Sternocleidomastoid  Artery  (a.  sternockidomastoiclea;  sternomastoid  artery) 
generally  arises  from  thq  occipital  close  *to  its  commencement,  but  sometimes 
springs  directly  from  the  external  carotid.  It  passes  downward  and  backward 
over  the  hypoglossal  nerve,  and  enters  the  substance  of  the  muscle,  in  company 
with  the  accessory  nerve. 

The  Auricular  Branch  ( ramus  auricularis)  supplies  the  back  of  the  concha  and 
frequently  gives  off  a  branch,  which  enters  the  skull  through  the  mastoid  foramen 
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and  supplies  the  dura  mater,  the  diploe,  and  the  mastoid  cells;  this  latter  branch 
sometimes  arises  from  the  occipital  artery,  and  is  then  known  as  the  mastoid  branch. 

The  Meningeal  Branch  ( ramus  meningeus ;  dural  branch)  ascends  with  the  internal 
jugular  vein,  and  enters  the  skull  through  the  jugular  foramen  and  condyloid 
canal,  to  supply  the  dura  mater  in  the  posterior  fossa. 

The  Descending  Branch  {ramus  descendens;  arteria  princeps  cervicis)  (Fig.  532), 
the  largest  branch  of  the  occipital,  descends  on  the  back  of  the  neck,  and  divides 
into  a  superficial  and  deep  portion.  The  superficial  portion  runs  beneath  the 
Splenius,  giving  off  branches  which  pierce  that  muscle  to  supply  the  Trapezius  and 
anastomose  with  the  ascending  branch  of  the  transverse  cervical:  the  deep  portion 
runs  down  between  the  Semispinales  capitis  and  colli,  and  anastomoses  with  the 
vertebral  and  with  the  a.  profunda  cervicalis,  a  branch  of  the  costocervical  trunk. 
The  anastomosis  between  these  vessels  assists  in  establishing  the  collateral  circu¬ 
lation  after  ligature  of  the  common  carotid  or  subclavian  artery. 

The  terminal  branches  of  the  occipital  artery  are  distributed  to  the  back  of  the 
head:  they  are  very  tortuous,  and  lie  between  the  integument  and  Occipitalis, 
anastomosing  with  the  artery  of  the  opposite  side  and  with  the  posterior  auricular 
and  temporal  arteries,  and  supplying  the  Occipitalis,  the  integument,  and  peri¬ 
cranium.  One  of  the  terminal  branches  may  give  off  a  meningeal  twig  which  passes 
through  the  parietal  foramen. 

5.  The  posterior  auricular  artery  (a.  auricularis  posterior)  (Fig.  528)  is  small 
and  arises  from  the  external  carotid,  above  the  Digastricus  and  Stylohyoideus, 
opposite  the  apex  of  the  styloid  process.  It  ascends,  under  cover  of  the  parotid 
gland,  on  the  styloid  process  of  the  temporal  bone,  to  the  groove  between  the 
cartilage  of  the  ear  and  the  mastoid  process,  immediately  above  which  it  divides 
into  its  auricular  and  occipital  branches. 

Branches. — Besides  several  small  branches  to  the  Digastricus,  Stylohyoideus, 
and  Sternocleidomastoideus,  and  to  the  parotid  gland,  this  vessel  gives  off  three 
branches: 

Stylomastoid.  Auricular.  Occipital. 

The  Stylomastoid  Artery  (a.  stylomastoidea)  enters  the  stylomastoid  foramen  and 
supplies  the  tympanic  cavity,  the  tympanic  antrum  and  mastoid  cells,  and  the 
semicircular  canals.  In  the  young  subject  a  branch  from  this  vessel  forms,  with 
the  anterior  tympanic  artery  from  the  internal  maxillary,  a  vascular  circle,  which 
surrounds  the  tympanic  membrane,  and  from  which  delicate  vessels  ramify  on  that 
membrane.  It  anastomoses  with  the  superficial  petrosal  branch  of  the  middle 
meningeal  artery  by  a  twig  which  enters  the  hiatus  canalis  facialis. 

The  Auricular  Branch  ( ramus  auricularis)  ascends  behind  the  ear,  beneath  the 
Auricularis  posterior,  and  is  distributed  to  the  back  of  the  auricula,  upon  which 
it  ramifies  minutely,  some  branches  curving  around  the  margin  of  the  cartilage, 
others  perforating  it,  to  supply  the  anterior  surface.  It  anastomoses  with  the 
parietal  and  anterior  auricular  branches  of  the  superficial  temporal. 

The  Occipital  Branch  {ramus  occipitalis)  passes  backward,  over  the  Sternocleido¬ 
mastoideus,  to  the  scalp  above  and  behind  the  ear.  It  supplies  the  Occipitalis 
and  the  scalp  in  this  situation  and  anastomoses  with  the  occipital  artery  . 

6.  The  ascending  pharyngeal  artery  {a.  pharyngea  ascendens)  (Fig.  532),  the 
smallest  branch  of  the  external  carotid,  is  a  long,  slender  vessel,  deeply  seated  in 
the  neck,  beneath  the  other  branches  of  the  external  carotid  and  under  the  Stylo- 
pharyngeus.  It  arises  from  the  back  part  of  the  external  carotid,  near  the  com¬ 
mencement  of  that  vessel,  and  ascends  vertically  between  the  internal  carotid 
and  the  side  of  the  pharynx,  to  the  under  surface  of  the  base  of  the  skull,  lying 
on  the  Longus  capitis. 
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Branches. — Its  branches  are: 

Pharyngeal .  Prevertebral . 

Palatine.  Inferior  Tympanic. 

Posterior  Meningeal. 

The  Pharyngeal  Branches  ( rami  pharyngei)  are  three  or  four  in  number.  Two 
of  these  descend  to  supply  the  Constrictores  pharyngis  medius  and  inferior  and 
the  Stylopharyngeus,  ramifying  in  their  substance  and  in  the  mucous  membrane 
lining  them. 

The  Palatine  Branch  varies  in  size,  and  may  take  the  place  of  the  ascending 
palatine  branch  of  the  facial  artery,  when  that  vessel  is  small.  It  passes  inward 
upon  the  Constrictor  pharyngis  superior,  sends  ramifications  to  the  soft  palate 
and  tonsil,  and  supplies  a  branch  to  the  auditory  tube. 

The  Prevertebral  Branches  are  numerous  small  vessels,  which  supply  the  Longi 
capitis  and  colli,  the  sympathetic  trunk,  the  hypoglossal  and  vagus  nerves,  and  the 
lymph  glands;  they  anastomose  with  the  ascending  cervical  artery. 

The  Inferior  Tympanic  Artery  (a.  tympanica  inferior)  is  a  small  branch  which 
passes  through  a  minute  foramen  in  the  petrous  portion  of  the  temporal  bone,  in 
company  with  the  tympanic  branch  of  the  glossopharyngeal  nerve,  to  supply  the 
medial  wall  of  the  tympanic  cavity  and  anastomose  with  the  other  tympanic  arteries. 

The  Meningeal  Branches  are  several  small  vessels,  which  supply  the  dura  mater. 
One,  the  posterior  meningeal,  enters  the  cranium  through  the  jugular  foramen; 
a  second  passes  through  the  foramen  lacerum;  and  occasionally  a  third  through 
the  canal  for  the  hypoglossal  nerve. 

7.  The  superficial  temporal  artery  (a.  temporalis  snperficialis)  (Fig.  528),  the 
smaller  of  the  two  terminal  branches  of  the  external  carotid,  appears,  from  its 
direction,  to  be  the  continuation  of  that  vessel.  It  begins  in  the  substance  of  the 
parotid  gland,  behind  the  neck  of  the  mandible,  and  crosses  over  the  posterior  root 
of  the  zygomatic  process  of  the  temporal  bone;  about  5  cm.  above  this  process 
it  divides  into  two  branches,  a  frontal  and  a  parietal. 

Relations. — As  it  crosses  the  zygomatic  process,  it  is  covered  by  the  Auricularis  anterior  muscle, 
and  by  a  dense  fascia;  it  is  crossed  by  the  temporal  and  zygomatic  branches  of  the  facial  nerve 
and  one  or  two  veins,  and  is  accompanied  by  the  auriculotemporal  nerve,  which  lies  immediately 
behind  it. 

Branches. — Besides  some  twigs  to  the  parotid  gland,  to  the  temporomandibular 
joint,  and  to  the  Masseter  muscle,  its  branches  are: 

Transverse  Facial.  Anterior  Auricular. 

Middle  Temporal.  Frontal. 

The  Transverse  Facial  Artery  (a.  transversa  faciei)  is  given  off  from  the  superficial 
temporal  before  that  vessel  quits  the  parotid  gland ;  running  forward  through  the 
substance  of  the  gland,  it  passes  transversely  across  the  side  of  the  face,  between 
the  parotid  duct  and  the  lower  border  of  the  zygomatic  arch,  and  divides  into  numer¬ 
ous  branches,  which  supply  the  parotid  gland  and  duct,  the  Masseter,  and  the 
interment,  and  anastomose  with  the  external  maxillary,  masseteric,  buccinator, 
and  infraorbital  arteries.  This  vessel  rests  on  the  Masseter,  and  is  accompanied 
by  one  or  two  branches  of  the  facial  nerve. 

The  Middle  Temporal  Artery  (a.  temporalis  media)  arises  immediately  above  the 
zygomatic  arch,  and,  perforating  the  temporal  fascia,  gives  branches  to  the  Tem¬ 
poralis,  anastomosing  with  the  deep  temporal  branches  of  the  internal  maxillary. 
It  occasionally  gives  off  a  zygomaticoorbital  branch,  which  runs  along  the  upper 
border  of  the  zygomatic  arch,  between  the  two  layers  of  the  temporal  fascia,  to 
the  lateral  angle  of  the  orbit.  This  branch,  which  may  arise  directly  from  the 
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superficial  temporal  artery,  supplies  the  Orbicularis  oculi,  and  anastomoses  with 
the  lacrimal  and  palpebral  branches  of  the  ophthalmic  artery. 

The  Anterior  Auricular  Branches  ( rami  auricular es  animates)  are  distributed  to 
the  anterior  portion  of  the  auricula,  the  lobule,  and  part  of  the  external  meattis, 
anastomosing  with  the  posterior  auricular. 

The  Frontal  Branch  (ramus .frontalis;  anterior  temporal)  runs  tortuously  upward 
and  forward  to  the  forehead,  supplying  the  muscles,  integument,  and  pericranium 
in  this  region,  and  anastomosing  with  the  supraorbital  and  frontal  arteries. 

The  Parietal  Branch  (ramus  parietalis;  posterior  temporal)  larger  than  the  frontal, 
curves  upward  and  backward  on  the  side  of  the  head,  lying  superficial  to  the  tem¬ 
poral  fascia,  and  anastomosing  with  its  fellow  of  the  opposite  side,  and  with  the 
posterior  auricular  and  occipital  arteries. 


1  rio*oT  brunch 


Fits.  — Fla  a  of  breaches  of  internal  wax  illary  artery 


8.  The  internal  maxillary  artery  (a.  maxillaris  interna)  (Fig.  530),  the  larger 
of  the  two  terminal  branches  of  the  external  carotid,  arises  behind  the  neck  of  the 
mandible,  and  is  at  first  imbedded  in  the  substance  of  the  parotid  gland;  it  passes 
forward  between  the  ramus  of  the  mandible  and  the  sphenoniaridibular  ligament, 
and  then  runs,  either  superficial  or  deep  to  the  Ptervgoideus  externus,  to  the 
pterygopalatine  fossa.  It  supplies  the  deep  structures  of  the  face,  and  may  he 
divided  into  mandibular,  pterygoid,  and  pterygopalatine  portions. 

The  first  or  mandibular  portion  passes  horizontally  forward,  between  the  ramus 
of  the  mandible  and  the  sphenomandilmlar  ligament,  where  it  lies  parallel  to  and 
a  little  below  the  auriculotemporal  nerve;  it  crosses  the  inferior  alveolar  nerve, 
and  runs  along  the  lower  border  of  the  Ptervgoideus  externus. 

The  second  or  pterygoid  portion  runs  obliquely  forward  and  upward  under  cover 
of  the  ramus  of  the  mandible  and  insertion  of  the  Temporalis,  on  the  superficial 
(very  frequently  on  the  deep)  surface  of  the  Ptervgoideus  externus;  it  then  passes 
between  the  two  heads  of  origin  of  this  muscle  and  enters  the  fossa. 

The  third  or  pterygopalatine  portion  lies  in  the  pterygopalatine  fossa  in  relation 
with  the  sphenopalatine  ganglion. 
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The  branches  of  this  vessel  may  be  divided  into  three  groups  (Fig.  531),  corre¬ 
sponding  with  its  three  divisions. 

Branches  of  the  First  or  Mandibular  Portions. — 

Anterior  Tympanic.  Middle  Meningeal. 

Deep  Auricular.  Accessory  Meningeal. 

Inferior  Alveolar. 

The  Anterior  Tympanic  Artery  (a.  tympanica  anterior;  tympanic  artery)  passes 
upward  behind  the  temporomandibular  articulation,  enters  the  tympanic  cavity 
through  the  petrotympanic  fissure,  and  ramifies  upon  the  tympanic  membrane, 
forming  a  vascular  circle  around  the  membrane  with  the  stylomastoid  branch  of 
the  posterior  auricular,  and  anastomosing  with  the  artery  of  the  pterygoid  canal 
and  with  the  caroticotympanic  branch  from  the  internal  carotid. 


The  Deep  Auricular  Artery  (a.  auricularis  profunda )  often  arises  in  common  with 
the  preceding.  It  ascends  in  the  substance  of  the  parotid  gland,  behind  the  tem¬ 
poromandibular  articulation,  pierces  the  cartilaginous  or  bony  wrall  of  the  external 
acoustic  meatus,  and  supplies  its  cuticular  lining  and  the  outer  surface  of  the 
tympanic  membrane.  It  gives  a  branch  to  the  temporomandibular  joint. 

The  Middle  Meningeal  Artery  (a.  meningea  media;  medidural  artery)  is  the  largest 
of  the  arteries  which  supply  the  dura  mater.  It  ascends  between  the  spheno- 
mandibular  ligament  and  the  Pterygoideus  externus,  and  between  the  twro  roots 
of  the  auriculotemporal  nerve  to  the  foramen  spinosum  of  the  sphenoid  bone, 
through  which  it  enters  the  cranium;  it  then  runs  forward  in  a  groove  on  the  great 
wing  of  the  sphenoid  bone,  and  divides  into  twro  branches,  anterior  and  posterior. 
The  anterior  branch,  the  larger,  crosses  the  great  wing  of  the  sphenoid,  reaches  the 
groove,  or  canal,  in  the  sphenoidal  angle  of  the  parietal  bone,  and  then  divides 
into  branches  which  spread  out  between  the  dura  mater  and  internal  surface  of 
the  cranium,  some  passing  upwrard  as  far  as  the  vertex,  and  others  backward  to 
the  occipital  region.  The  posterior  branch  curves  backw  ard  on  the  squama  of  the 
temporal  bone,  and,  reaching  the  parietal  some  distance  in  front  of  its  mastoid 
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angle,  divides  into  branches  which  supply  the  posterior  part  of  the  dura  mater  and 
cranium.  The  branches  of  the  middle  meningeal  artery  are  distributed  partly 
to  the  dura  mater,  but  chiefly  to  the  bones;  they  anastomose  with  the  arteries  of 
the  opposite  side,  and  with  the  anterior  and  posterior  meningeal. 

The  middle  meningeal  on  entering  the  cranium  gives  off  the  following  branches:  (1)  Numerous 
small  vessels  supply  the  semilunar  ganglion  and  the  dura  mater  in  this  situation.  (2)  A  superfiritl 
petrosal  branch  enters  the  hiatus  of  the  facial  canal,  supplies  the  facial  nerve,  and  anastomoses 
with  the  stylomastoid  branch  of  the  posterior  auricular  artery.  (3)  A  superior  tympanic  artery 
runs  in  the  canal  for  the  Tensor  tympani,  and  supplies  this  muscle  and  the  lining  membrane  of 
the  canal.  (4)  Orbital  branches  pass  through  the  superior  orbital  fissure  or  through  separate 
canals  in  the  great  wing  of  the  sphenoid,  to  anastomose  with  the  lacrimal  or  other  branches  of 
the  ophthalmic  artery.  (5)  Temporal  branches  pass  through  foramina  in  the  great  wing  of  the 
sphenoid,  and  anastomose  in  the  temporal  fossa  with  the  deep  temporal  arteries. 

The  Accessory  Meningeal  Branch  (; ramu s  vneningeus  accessorius ;  small  meningeal 
or  parvidural  branch)  is  sometimes  derived  from  the  preceding.  It  enters  the 
skull  through  the  foramen  ovale,  and  supplies  the  semilunar  ganglion  and  dura 
mater. 

The  Inferior  Alveolar  Artery  (a.  alveolaris  inferior;  inferior  denial  artery)  descends 
with  the  inferior  alveolar  nerve  to  the  mandibular  foramen  on  the  medial  surface 
of  the  ramus  of  the  mandible.  It  runs  along  the  mandibular  canal  in  the  substance 
of  the  bone,  accompanied  by  the  nerve,  and  opposite  the  first  premolar  tooth  divides 
into  two  branches,  incisor  and  mental.  The  incisor  branch  is  continued  forward 
beneath  the,  incisor  teeth  as  far  as  the  middle  line,  where  it  anastomoses  w  ith  the 
artery  of  the  opposite  side;  the  mental  branch  escapes  with  the  nerve  at  the  mental 
foramen,  supplies  the  chin,  and  anastomoses  with  the  submental  and  inferior 
labial  arteries.  Near  its  origin  the  inferior  alveolar  artery  gives  off  a  lingual  branch 
which  descends  with  the  lingual  nerve  and  supplies  the  mucous  membrane  of  the 
mouth.  As  the  inferior  alveolar  artery  enters  the  foramen,  it  gives  off  a  mylohyoid 
branch  which  runs  in  the  mylohyoid  groove,  and  ramifies  on  the  under  surface  of 
the  Mylohyoideus.  The  inferior  alveolar  artery  and  its  incisor  branch  during 
their  course  through  the  substance  of  the  bone  give  off  a  few  twigs  which  are  lost 
in  the  cancellous  tissue,  and  a  series  of  branches  which  correspond  in  number  to 
the  roots  of  the  teeth :  these  enter  the  minute  apertures  at  the  extremities  of  the 
roots,  and  supply  the  pulp  of  the  teeth. 

Branches  of  the  Second  or  Pterygoid  Portion. — 

Deep  Temporal.  Masseteric. 

Pterygoid .  Buccinator. 

The  Deep  Temporal  Branches,  two  in  number,  anterior  and  posterior,  ascend 
between  the  Temporalis  and  the  pericranium;  they  supply  the  muscle,  and  anasto¬ 
mose  with  the  middle  temporal  artery;  the  anterior  communicates  with  the  lacrimal 
artery  by  means  of  small  branches  which  perforate  the  zygomatic  bone  and  great 
wing  of  the  sphenoid. 

The  Pterygoid  Branches  ( rami  pterygoidei) ,  irregular  in  their  number  and  origin, 
supply  the  Pterygoidei. 

The  Masseteric  Artery  (a.  masseterica)  is  small  and  passes  lateralward  through 
the  mandibular  notch  to  the  deep  surface  of  the  Masseter.  It  supplies  the  muscle, 
and  anastomoses  with  the  masseteric  branches  of  the  external  maxillary  and  w  ith 
the  transverse  facial  artery. 

The  Buccinator  Artery  (a.  buccinatoria;  buccal  artery)  is  small  and  runs  obliquely 
forward,  between  the  Pterygoideus  internus  and  the  insertion  of  the  Temporalis, 
to  the  outer  surface  of  the  Buccinator,  to  wrhich  it  is  distributed,  anastomosing 
w  ith  branches  of  the  external  maxillary  and  with  the  infraorbital. 


THE  EXTERNAL  CAROTID  ARTERY 


569 


Branches  of  the  Third  or  Pterygopalatine  Portion. — 

Posterior  Superior  Alveolar.  Artery  of  the  Pterygoid  Canal. 

Infraorbital .  Pharyngeal . 

Descending  Palatine.  Sphenopalatine. 

The  Posterior  Superior  Alveolar  Artery  (a.  alveolaris  superior  posterior ;  alveolar  or 
posterior  dental  artery)  is  given  off  from  the  internal  maxillary,  frequently  in  con¬ 
junction  with  the  infraorbital  just  as  the  trunk  of  the  vessel  is  passing  into  the 
pterygopalatine  fossa.  Descending  upon  the  tuberosity  of  the  maxilla,  it  divides 
into  numerous  branches,  some  of  which  enter  the  alveolar  canals,  to  supply  the 
molar  and  premolar  teeth  and  the  lining  of  the  maxillary  sinus,  while  others  are 
continued  forward  on  the  alveolar  process  to  supply  the  gums. 

The  Infraorbital  Artery  (a.  infraorbitalis)  appears,  from  its  direction,  to  be  the 
continuation  of  the  trunk  of  the  internal  maxillary,  but  often  arises  in  conjunction 
with  the  posterior  superior  alveolar.  It  runs  along  the  infraorbital  groove  and 
canal  with  the  infraorbital  nerve,  and  emerges  on  the  face  through  the  infraorbital 
foramen,  beneath  the  infraorbital  head  of  the  Quadratus  labii  superioris.  While 
in  the  canal,  it  gives  off  (a)  orbital  branches  which  assist  in  supplying  the  Rectus 
inferior  and  Obliquus  inferior  and  the  lacrimal  sac,  and  (6)  anterior  superior  alveolar 
branches  which  descend  through  the  anterior  alveolar  canals  to  supply  the  upper 
incisor  and  canine  teeth  and  the  mucous  membrane  of  the  maxillary  sinus.  On 
the  face,  some  branches  pass  upwrard  to  the  medial  angle  of  the  orbit  and  the 
lacrimal  sac,  anastomosing  with  the  angular  branch  of  the  external  maxillary 
artery  ;  others  run  tow  ard  the  nose,  anastomosing  with  the  dorsal  nasal  branch  of 
the  ophthalmic;  and  others  descend  between  the  Quadratus  labii  superioris  and 
the  Caninus,  and  anastomose  with  the  external  maxillary,  transverse  facial,  and 
buccinator  arteries.  The  four  remaining  branches  arise  from  that  portion  of  the 
internal  maxillary  which  is  contained  in  the  pterygopalatine  fossa. 

The  Descending  Palatine  Artery  (a.  palatina  descendens)  descends  through  the 
pterygopalatine  canal  with  the  anterior  palatine  branch  of  the  sphenopalatine 
ganglion,  and,  emerging  from  the  greater  palatine  foramen,  runs  forward  in  a  groove 
on  the  medial  side  of  the  alveolar  border  of  the  hard  palate  to  the  incisive  canal; 
the  terminal  branch  of  the  artery  passes  upward  through  this  canal  to  anastomose 
with  the  sphenopalatine  artery.  Branches  are  distributed  to  the  gums,  the  palatine 
glands,  and  the  mucous  membrane  of  the  roof  of  the  mouth;  while  in  the  pterygo¬ 
palatine  canal  it  gives  off  twigs  w  hich  descend  in  the  lesser  palatine  canals  to  supply 
the  soft  palate  and  palatine  tonsil,  anastomosing  with  the  ascending  palatine  artery. 

The  Artery  of  the  Pterygoid  Canal  (a.  canalis  pterygoidei ;  Vidian  artery)  passes 
backward  along  the  pterygoid  canal  with  the  corresponding  nerve.  It  is  distributed 
to  the  upper  part  of  the  pharynx  and  to  the  auditory  tube,  sending  into  the  tympanic 
cavity  a  small  branch  wrhich  anastomoses  w  ith  the  other  tympanic  arteries. 

The  Pharyngeal  Branch  is  very  small;  it  runs  backward  through  the  pharyngeal 
canal  with  the  pharyngeal  nerve,  and  is  distributed  to  the  upper  part  of  the  pharynx 
and  to  the  auditory  tube. 

The  Sphenopalatine  Artery  (a.  sphenopalatina;  nasopalatine  artery)  passes  through 
the  sphenopalatine  foramen  into  the  cavity  of  the  nose,  at  the  back  part  of  the 
superior  meatus.  Here  it  gives  off  its  posterior  lateral  nasal  branches  which  spread 
forward  over  the  conchae  and  meatuses,  anastomose  with  the  ethmoidal  arteries 
and  the  nasal  branches  of  the  descending  palatine,  and  assist  in  supplying  the 
frontal,  maxillary,  ethmoidal,  and  sphenoidal  sinuses.  Crossing  the  under  surface  of 
the  sphenoid  the  sphenopalatine  artery  ends  on  the  nasal  septum  as  the  posterior 
septal  branches;  these  anastomose  with  the  ethmoidal  arteries  and  the  septal 
branch  of  the  superior  labial;  one  branch  descends  in  a  groove  on  the  vomer  to 
the  incisive  canal  and  anastomoses  with  the  descending  palatine  artery. 
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The  Internal  Carotid  Artery  (A.  Carotis  Interna)  (Fig.  532  v. 

The  internal  carotid  artery  supplies  the  anterior  part  of  the  brain,  the  eye  and  its 
appendages,  and  sends  branches  to  the  forehead  and  nose.  Its  size,  in  the  adult, 
is  equal  to  that  of  the  external  carotid,  though,  in  the  child,  it  is  larger  than  that 


First  arftic  in^rco^tal  X 

Fm  552  — The  internal  nets)  vi*rtcbr:ii  Hfterie#  Right  iYde. 


vessel.  It  is  remarkable  for  the  number  of  curvatures  that  it  presents  in  different 
parts  of  its  course.  It  occasionally  lias  one  or  two  flexures  near  the  base  of  the  skull* 
while  in  its  passage  through  the  carotid  canal  and  along  the  side  of  the  body  of 
the  sphenoid  bone  it  describes  a  double  curvature  aud  resembles  the  italic  letter  <$. 
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Course  and  Relations. — In  considering  the  course  and  relations  of  this  vessel 
it  may  be  divided  into  four  portions:  cervical,  petrous,  cavernous,  and  cerebral. 

Cervical  Portion. — This  portion  of  the  internal  carotid  begins  at  the  bifurca¬ 
tion  of  the  common  carotid,  opposite  the  upper  border  of  the  thyroid  cartilage, 
and  runs  perpendicularly  upward,  in  front  of  the  transverse  processes  of  the  upper 
three  cervical  vertebrae,  to  the  carotid  canal  in  the  petrous  portion  of  the  temporal 
bone.  It  is  comparatively  superficial  at  its  commencement,  where  it  is  contained 
in  the  carotid  triangle,  and  lies  behind  and  lateral  to  the  external  carotid,  over¬ 
lapped  by  the  Sternocleidomastoideus,  and  covered  by  the  deep  fascia,  Platysma, 
and  integument:  it  then  passes  beneath  the  parotid  gland,  being  crossed  by  the 
hypoglossal  nerve,  the  Digastricus  and  Stylohyoideus,  and  the  occipital  and  pos¬ 
terior  auricular  arteries.  Higher  up,  it  is  separated  from  the  external  carotid  by 
the  Styloglossus  and  Stylopharyngeus,  the  tip  of  the  styloid  process  and  the  stylo¬ 
hyoid  ligament,  the  glossopharyngeal  nerve  and  the  pharyngeal  branch  of  the  vagus. 
It  is  in  relation,  behind>  with  the  Longus  capitis,  the  superior  cervical  ganglion  of 
the  sympathetic  trunk,  and  the  superior  laryngeal  nerve;  laterally ,  with  the  internal 
jugular  vein  and  vagus  nerve,  the  nerve  lying  on  a  plane  posterior  to  the  artery; 
medially ,  with  the  pharynx,  superior  laryngeal  nerve,  and  ascending  pharyngeal 
artery.  At  the  base  of  the  skull  the  glossopharyngeal,  vagus,  accessory,  and  hypo¬ 
glossal  nerves  lie  betwreen  the  artery  and  the  internal  jugular  vein. 

Petrous  Portion. — When  the  internal  carotid  artery  enters  the  canal  in  the 
petrous  portion  of  the  temporal  bone,  it  first  ascends  a  short  distance,  then  curves 
forward  and  medialward,  and  again  ascends  as  it  leaves  the  canal  to  enter  the 
cavity  of  the  skull  between  the  lingula  and  petrosal  process  of  the  sphenoid.  The 
artery  lies  at  first  in  front  of  the  cochlea  and  tympanic  cavity;  from  the  latter 
cavity  it  is  separated  by  a  thin,  bony  lamella,  which  is  cribriform  in  the  young 
subject,  and  often  partly  absorbed  in  old  age.  Farther  forward  it  is  separated 
from  the  semilunar  ganglion  by  a  thin  plate  of  bone,  which  forms  the  floor  of  the 
fossa  for  the  ganglion  and  the  roof  of  the  horizontal  portion  of  the  canal.  Fre¬ 
quently  this  bony  plate  is  more  or  less  deficient,  and  then  the  ganglion  is  separated 
from  the  artery  by  fibrous  membrane.  The  artery  is  separated  from  the  bony  wall 
of  the  carotid  canal  by  a  prolongation  of  dura  mater,  and  is  surrounded  by  a  number 
of  small  veins  and  by  filaments  of  the  carotid  plexus,  derived  from  the  ascending 
branch  of  the  superior  cervical  ganglion  of  the  sympathetic  trunk. 

Cavernous  Portion. — In  this  part  of  its  course,  the  artery  is  situated  between 
the  layers  of  the  dura  mater  forming  the  cavernous  sinus,  but  covered  by  the  lining 
membrane  of  the  sinus.  It  at  first  ascends  toward  the  posterior  clinoid  process, 
then  passes  forward  by  the  side  of  the  body  of  the  sphenoid  bone,  and  again  curves 
upward  on  the  medial  side  of  the  anterior  clinoid  process,  and  perforates  the  dura 
mater  forming  the  roof  of  the  sinus.  This  portion  of  the  artery  is  surrounded  by 
filaments  of  the  sympathetic  nerve,  and  on  its  lateral  side  is  the  abducent  nerve. 

Cerebral  Portion. — Having  perforated  the  dura  mater  on  the  medial  side  of 
the  anterior  clinoid  process,  the  internal  carotid  passes  between  the  optic  and  oculo¬ 
motor  nerves  to  the  anterior  perforated  substance  at  the  medial  extremity  of  the 
lateral  cerebral  fissure,  where  it  gives  off  its  terminal  or  cerebral  branches. 

Peculiarities. — The  length  of  the  internal  carotid  varies  according  to  the  length  of  the  neck, 
and  also  according  to  the  point  of  bifurcation  of  the  common  carotid.  It  arises  sometimes  from 
the  arch  of  the  aorta;  in  such  rare  instances,  this  vessel  has  been  found  to  be  placed  nearer  the 
middle  line  of  the  neck  than  the  external  carotid,  as  far  upward  as  the  larynx,  when  the  latter 
vessel  crossed  the  internal  carotid.  The  course  of  the  artery,  instead  of  being  straight,  may  be 
very  tortuous.  A  few  instances  are  recorded  in  which  this  vessel  was  altogether  absent ;  in  one 
of  these  the  common  carotid  passed  up  the  neck,  and  gave  off  the  usual  branches  of  the  external 
carotid;  the  cranial  portion  of  the  internal  carotid  was  replaced  by  two  branches  of  the  internal 
maxillary,  which  entered  the  skull  through  the  foramen  rotundum  and  foramen  ovale,  and  joined 
to  form  a  single  vessel 
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Branches. — The  cervical  portion  of  the  internal  carotid  gives  off  no  branches. 
Those  from  the  other  portions  are: 

From  the  Petrous  Portion 


From  the  Cavernous  Portion 


From  the  Cerebral  Portion 


1.  The  caroticotympanic  branch  ( ramus  caroticotympanicus;  tympanic  branch) 
is  small;  it  enters  the  tympanic  cavity  through  a  minute  foramen  in  the  carotid 
canal,  and  anastomoses  with  the  anterior  tympanic  branch  of  the  internal  maxillary, 
and  with  the  stylomastoid  artery. 

2.  The  artery  of  the  pterygoid  canal  (a.  canilis  pterygoidei  [  Vidii ];  Vidian  artery) 
is  a  small,  inconstant  branch  which  passes  into  the  pterygoid  canal  and  anas¬ 
tomoses  with  a  branch  of  the  internal  maxillary  artery. 

3.  The  cavernous  branches  are  numerous  small  vessels  which  supply  the 
hypophysis,  the  semilunar  ganglion,  and  the  walls  of  the  cavernous  and  inferior 
petrosal  sinuses.  Some  of  them  anastomose  with  branches  of  the  middle  meningeal. 

4.  The  hypophyseal  branches  are  one  or  two  minute  vessels  supplying  the 
hypophysis. 

5.  The  semilunar  branches  are  small  vessels  to  the  semilunar  ganglion. 

6.  The  anterior  meningeal  branch  (a.  meningea  anterior)  is  a  small  branch  which 
passes  over  the  small  wing  of  the  sphenoid  to  supply  the  dura  mater  of  the  anterior 
cranial  fossa;  it  anastomoses  with  the  meningeal  branch  from  the  posterior  eth¬ 
moidal  artery. 

7.  The  ophthalmic  artery  (a.  ophthalmica)  (Fig.  533)  arises  from  the  internal 
carotid,  just  as  that  vessel  is  emerging  from  the  cavernous  sinus,  on  the  medial 
side  of  the  anterior  clinoid  process,  and  enters  the  orbital  cavity  through  the  optic 
foramen,  below  and  lateral  to  the  optic  nerve.  It  then  passes  over  the  nerve  to 
reach  the  medial  wall  of  the  orbit,  and  thence  horizontally  forward,  beneath  the 
lower  border  of  the  Obliquus  superior,  and  divides  it  into  two  terminal  branches, 
the  frontal  and  dorsal  nasal.  As  the  artery  crosses  the  optic  nerve  it  is  accompanied 
by  the  nasociliary  nerve,  and  is  separated  from  the  frontal  nerve  by  the  Rectus 
superior  and  Levator  palpebre  superioris. 

Branches. — The  branches  of  the  ophthalmic  artery  may  be  divided  into  an  orbital 
group,  distributed  to  the  orbit  and  surrounding  parts;  and  an  ocular  group,  to  the 
muscles  and  bulb  of  the  eye. 

Orbital  Group. 

Lacrimal. 

Supraorbital* 

Posterior  Ethmoidal. 

Anterior  Ethmoidal. 

Medial  Palpebral. 

Frontal. 

Dorsal  Nasal. 


Ocular  Group. 

Central  Artery  of  the  Retina. 
Short  Posterior  Ciliary. 

Long  Posterior  Ciliary. 
Anterior  Ciliary. 

Muscular. 


|  Caroticotympanic. 

I  Artery  of  the  Pterygoid  Canal. 

Cavernous. 

Hypophyseal. 

Semilunar. 

Anterior  Meningeal. 
Ophthalmic. 

Anterior  Cerebral. 

Middle  Cerebral. 

Posterior  Communicating. 
Choroidal. 
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The  Lacrimal  Artery  (a.  lacrimali Is)  arises  dose  to  the  optic  foramen,  and  is  one 
of  the  largest  branches  derived  from  the  ophthalmic:  not  infrequently  it  is  given 
off  before  the  artery  enters  the  orbit.  It  accompanies  the  lacrimal  nerve  along 
the  tipper  border  of  the  Rectus  lateralis,  and  supplies  the  lacrimal  gland.  Its 
terminal  branches,  escaping  from  the  gland,  are  distributed  to  the  eyelids  and  con¬ 
junctiva:  of  those  supplying  the  eyelids,  two  are  of  considerable  size  and  are  named 
the  lateral  palpebral  arteries;  they  run  mediahvard  in  the  upper  and  lower  lids 
respect ively  and  anastomose  with  the  medial  palpebral  arteries,  forming  an  arterial 
circle  in  this  situation.  The  lacrimal  artery  give  off  one  or  two  zygomatic  branches, 
one  of  which  passes  through  the  zygomatico-temporal  foramen,  to  reach  the  tem¬ 
poral  fovssa,  and  anastomoses  with  the  deep  temporal  arteries;  another  appears 
on  the  cheek  through  the  zygomatieo-facial  foramen,  and  anastomoses  with  the 
transverse  facial.  A  recurrent  branch  passes  backward  through  the  lateral  part  of 
the  superior  orbital  fissure  to  the  dura  mater,  and  anastomoses  with  a  branch  of 
the  middle  meningeal  artery.  The  lacrimal  artery  is  sometimes  derived  from  one 
of  the  anterior  branches  of  the  middle  meningeal  artery. 
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The  Supraorbital  Artery  (a.  swpraorbitalis)  springs  from  the  ophthalmic  as  that 
vessel  is  crossing  over  the  optic  nerve.  It  passes  upward  on  the  medial  borders 
of  the  Rectus  superior  and  Levator  palpebra*,  and  meeting  the  supraorbital  nerve 
accompanies  it  between  the  periosteum  and  Levator  palpebra3  to  the  supraorbital 
foramen;  passing  through  this  it  divides  into  a  superficial  and  a  deep  branch, 
which  supply  the  integument,  the  muscles,  and  the  pericranium  of  the  forehead, 
anastomosing  with  the  frontal,  the  frontal  branch  of  the  superficial  temporal,  and 
the  artery  of  the  opposite  side.  This  artery  in  the  orbit  supplies  the  Rectus  superior 
an<J  the  Levator  palpebne,  and  sends  a  branch  across  the  pulley  of  the  Obliquus 
superior,  to  supply  the  parts  at  the  medial  palpebral  commissure.  At  the  supra¬ 
orbital  foramen  it  frequently  transmits  a  branch  to  the  diploe. 
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The  Ethmoidal  Arteries  are  two  in  number:  posterior  and  anterior.  The  posterior 
ethmoidal  artery,  the  smaller,  passes  through  the  posterior  ethmoidal  canal,  supplies 
the  posterior  ethmoidal  cells,  and,  entering  the  cranium,  gives  off  a  meningeal 
branch  to  the  dura  mater,  arid  nasal  branches  which  descend  into  the  nasal  cavity 
through  apertures  in  the  cribriform  plate,  anastomosing  with  branches  of  the 
sphenopalatine.  The  anterior  ethmoidal  artery  accompanies  the  nasociliary  nerve 
through  the  anterior  ethmoidal  canal,  supplies  the  anterior  and  middle  ethmoidal 
cells  and  frontal  sinus,  and,  entering  the  cranium,  gives  off  a  meningeal  branch 
to  the  dura  mater,  and  nasal  branches;  these  latter  descend  into  the  nasal  cavity 
through  the  slit  by  the  side  of  the  crista  galli,  and,  running  along  the  groove  on 
the  inner  surface  of  the  nasal  bone,  supply  branches  to  the  lateral  wall  and  septum 
of  the  nose,  and  a  terminal  branch  which  appears  on  the  dorsum  of  the  nose  between 
the  nasal  bone  and  the  lateral  cartilage. 


Fu.  534  — Bloodvessels  of  the  eyelids,  front  view.  1,  supraorbital  artery  and  vein;  2,  nasal  artery;  3,  anfpd&r  fcrVry, 
the  terminal  branch  of  4.  the  fadst artery;  5,  euborbital  artery;  (>.  anterior  branch  of  the  superficial  temporal  wt«y; 
6\  malar  brunch  of  the  transverse  artery  of  the  face;  7,  lacrimal  artery.  8.  superior  palpebral  artery  with  &\  it*  external 
arch;  0.  anastomoses  of  the  superior  palpebral  with  the  superficial  temporal  and  lacrimal;  10,  inferior  palpebral  artery 
1 1,  facial  vein ;  angular  vein;  13,  branch  of  the  superficial  temporal  vein.  (Testut.) 


The  Medial  Palpebral  Arteries  (aa,  pafjjebral.es  medial c$;  internal  palpebral 
arteries ),  two  in  number,  superior  and  inferior,  arise  from  the  ophthalmic,  opposite 
the  pulley  of  the  Obiiquus  superior;  they  leave  the  orbit  to  encircle  the  eyelids 
near  their  free  margins,  forming  a  superior  and  an  inferior  arch,  which  lie  between 
the  Orbicularis  oculi  and  the  tarsi.  The  superior  palpebral  anastomoses,  at  the 
lateral  angle  of  the  orbit,  with  the  zygomaticoorbital  branch  of  the  temporal  artery 
and  with  the  upper  of  the  two  lateral  palpebral  branches  from  the  lacrimal  artery; 
the  inferior  palpebral  anastomoses,  at  the  lateral  angle  of  the  orbit,  with  the  lower 
of  the  two  lateral  palpebral  branches  from  the  lacrimal  and  with  the  transverse 
facial  artery,  and,  at  the  medial  part  of  the  lid,  with  a  branch  from  the  angular 
artery.  From  this  last  anastomoses  a  branch  passes  to  the  nasolacrimal  duct, 
ramifying  in  its  mucous  membrane,  as  far  as  the  inferior  meatus  of  the  nasal 
cavity. 

The  Frontal  Artery  (a.  frontalis),  one  of  the  terminal  branches  of  the  ophthalmic, 
leaves  the  orbit  at  its  medial  angle  with  the  supratrochlear  nerve,  and,  ascending 
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on  the  forehead,  supplies  the  integument,  muscles,  and  pericranium,  anastomosing 
with  the  supraorbital  artery,  and  with  the  artery  of  the  opposite  side. 

The  Dorsal  Nasal  Artery  (a.  dorsalis  nasi;  nasal  artery ),  the  other  terminal  branch 
of  the  ophthalmic,  emerges  from  the  orbit  above  the  medial  palpebral  ligament, 
and,  after  giving  a  twig  to  the  upper  part  of  the  lacrimal  sac,  divides  into  two 
branches,  one  of  which  crosses  the  root  of  the  nose,  and  anastomoses  with  the 
angular  artery,  the  other  runs  along  the  dorsum  of  the  nose,  supplies  its  outer 
surface  ;  and  anastomoses  with  the  artery  of  the  opposite  side,  and  with  the  lateral 
nasal  branch  of  the  external  maxillary. 

The  Central  Artery  of  the  Retina  (a.  centralis  retinas)  is  the  first  and  one  of  the 
smallest  branches  of  the  ophthalmic  artery.  It  runs  for  a  short  distance  within 
the  dural  sheath  of  the  optic  nerve,  but  about  1.25  cm.  behind  the  eyeball  it  pierces 
the  nerve  obliquely,  and  runs  forward  in  the  center  of  its  substance  to  the  retina. 
Its  mode  of  distribution  will  be  described  with  the  anatomy  of  the  eye. 

The  Ciliary  Arteries  (oa.  ciliares)  are  divisible  into  three  groups,  the  long  and  short, 
posterior,  and  the  anterior.  The  short  posterior  ciliary  arteries  from  six  to  twelve 
in  number,  arise  from  the  ophthalmic,  or  its  branches;  they  pass  forward  around  the 
optic  nerve  to  the  posterior  part  of  the  eyeball,  pierce  the  sclera  around  the  entrance 
of  the  nerve,  and  supply  the  choroid  and  ciliary  processes.  The  long  posterior 
ciliary  arteries,  two  in  number,  pierce  the  posterior  part  of  the  sclera  at  some  little 
distance  from  the  optic  nerve,  and  run  forward,  along  either  side  of  the  eyeball, 
between  the  sclera  and  choroid,  to  the  ciliary  muscle,  where  they  divide  into  two 
branches;  these  form  an  arterial  circle,  the  circulus  arteriosus  major,  around  the 
circumference  of  the  iris,  from  which  numerous  converging  branches  run,  in  the 
substance  of  the  iris,  to  its  pupillary  margin,  where  they  form  a  second  arterial 
circle,  the  circulus  arteriosus  minor.  The  anterior  ciliary  arteries  are  derived  from 
the  muscular  branches;  they  run  to  the  front  of  the  eyeball  in  company  with  the 
tendons  of  the  Recti,  form  a  vascular  zone  beneath  the  conjunctiva,  and  then  pierce 
the  sclera  a  short  distance  from  the  cornea  and  end  in  the  circulus  arteriosus  major. 

The  Muscular  Branches,  ( rami  musculares) ,  two  in  number,  superior  and  inferior, 
frequently  spring  from  a  common  trunk.  The  superior,  often  wanting,  supplies 
the  Levator  palpebree  superioris,  Rectus  superior,  and  Obliquus  superior.  The 
inferior,  more  constantly  present,  passes  forward  between  the  optic  nerve  and  Rectus 
inferior,  and  is  distributed  to  the  Recti  lateralis,  medialis,  and  inferior,  and  the 
Obliquus  inferior.  This  vessel  gives  off  most  of  the  anterior  ciliary  arteries.  Addi¬ 
tional  muscular  branches  are  given  off  from  the  lacrimal  and  supraorbital  arteries, 
or  from  the  trunk  of  the  ophthalmic. 

8.  The  anterior  cerebral  artery  (a.  cerebri  anterior)  (Figs.  535,  536,  537)  arises 
from  the  internal  carotid,  at  the  medial  extremity  of  the  lateral  cerebral  fissure. 
It  passes  forw  ard  and  medialward  across  the  anterior  perforated  substance,  above 
the  optic  nerve,  to  the  commencement  of  the  longitudinal  fissure.  Here  it  comes 
into  close  relationship  with  the  opposite  artery,  to  which  it  is  connected  by  a  short 
trunk,  the  anterior  communicating  artery.  From  this  point  the  two  vessels  run  side 
by  side  in  the  longitudinal  fissure,  curve  around  the  genu  of  the  corpus  callosum, 
and  turning  backward  continue  along  the  upper  surface  of  the  corpus  callosum 
to  its  posterior  part,  where  they  end  by  anastomosing  with  the  posterior  cerebral 
arteries. 

Branches. — In  its  course  the  anterior  cerebral  artery  gives  off  the  following 
branches : 

Antero-medial  Ganglionic.  Anterior.  Posterior. 

Inferior.  Middle. 

The  Antero-medial  Ganglionic  Branches  are  a  group  of  small  arteries  which  arise 
at  the  commencement  of  the  anterior  cerebral  artery;  they  pierce  the  anterior 
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perforated  substance  and  lamina  terminalis,  and  supply  the  rostrum  of  the  corpus 
callosum,  the  septum  pellucidum,  and  the  head  of  the  caudate  nucleus.  The 
inferior  branches,  two  or  three  in  number,  are  distributed  to  the  orbital  surface  of 
the  frontal  lobe,  where  they  supply  the  olfactory  lobe,  gyrus  rectus,  and  internal 
orbital  gyrus.  The  anterior  branches  supply  a  part  of  the  superior  frontal  gyms, 
and  send  twigs  over  the  edge  of  the  hemisphere  to  the  superior  and  middle  frontal 
gyri  and  upper  part  of  the  anterior  central  gyrus.  The  middle  branches  supply 
the  corpus  callosum,  the  cingulate  gyrus,  the  medial  surface  of  the  superior  frontal 
gyrus,  and  the  upper  part  of  the  anterior  central  gyrus.  The  posterior  branches 
supply  the  precuneus  and  adjacent  lateral  surface  of  the  hemisphere. 


Fjg  —The  arteries  of  the  base  of  the  brain.  The  tempora  pole  of  the  cerebrum  ami  a  portion  of  the  cerebellar 
hemisphere  have  been  removed  on  the  right  sxic. 


The  Anterior  Communicating  Artery  (a.  < wmmiinictins  anterior)  connects  the  two 
anterior  cerebral  arteries  across  the  commencement  of  the  longitudinal  fissure. 
Sometimes  this  vessel  is  wanting,  the  two  arteries  joining  together  to  form  a 
single  trunk,  which  afterward  divides:  or  it  may  be  wholly,  or  partially,  divided 
into  two.  Its  length  averages  about  4  mm.,  but  varies  greatly.  It  gives  off  some 
of  the  antero-medial  ganglionic  vessels,  but  these  are  principally  derived  from  the 
anterior  cerebral. 

9.  The  middle  cerebral  artery  (a.  cerebri  media)  (Figs.  535,  53H)%  the  largest 
branch  of  the  internal  carotid,  runs  at  first  lateralward  in  the  lateral  cerebral  or 
Sylvian  fissure  and  then  backward  and  upward  on  the  surface  of  the  insula,  where 
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it  divides  into  a  number  of  branches  which  are  distributed  to  the  lateral  surface 
of  the  cerebral  hemisphere. 

Branches. — The  branches  of  this  vessel  are  the: 

Antero-lateral  Ganglionic.  Ascending  Parietal. 

Inferior  Lateral  Frontal.  Parietotemporal. 

Ascending  Frontal.  Temporal. 
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Fitf.  — -Outer  surface  of  cerebral  hemisphere,  showing  areas  eupplied  by  cerebral  arteries. 


The  Antero-lateral  Ganglionic  Branches*  a  group  of  small  arteries  which  arise  at 
the  commencement  of  the  middle  cerebral  artery,  are  arranged  in  two  sets:  one, 
the  internal  striate,  passes  upward  through  the  inner  segments  of  the  lentiform 
nucleus,  and  supplies  it,  the  caudate  nucleus,  and  the  internal  capsule;  the  other, 
the  external  striate,  ascends  through  the  outer  segment  of  the  lentiform  nucleus, 
and  supplies  the  caudate  nucleus  and  the  thalamus.  One  artery  of  this  group 
is  of  larger  size  than  the  rest,  and  is  of  .special  importance,  as  being  the  artery  in 
the  brain  most  frequently  ruptured;  it  has  been  termed  by  Charcot  the  artery 
of  cerebral  hemorrhage.  It  ascends  between  the  lentiform  nucleus  and  the  external 
capsule,  and  ends  in  the  caudate  nucleus.  The  inferior  lateral  frontal  supplies 
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■Medial  surface  of  cerebral  hemisphere,  showing  areas  supplied  by  cerebral  arteries. 


the  inferior  frontal  gyrus  ( Brocas  convolution)  and  the  lateral  part  of  the  orbital 
surface  of  the  frontal  lobe.  The  ascending  frontal  supplies  the  anterior  central 
gyrus.  The  ascending  parietal  is  distributed  to  the  posterior  central  gy  rus  arid  the 
lower  part  of  the  superior  parietal  lobule.  The  parietotemporal  supplies  the  supra¬ 
marginal  and  angular  gyri,  and  the  posterior  parts  of  the  superior  and  middle 
temporal  gy  ri.  The  temporal  branches,  two  or  three  in  number,  are  distributed 
to  tbc  lateral  surface  of  the  temporal  lobe. 

10.  The  posterior  communicating  artery  (a.  communicant  posterior)  (Fig.  5o.V) 
runs  backward  from  the  internal  carotid,  and  anastomoses  with  the  posterior 
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cerebral,  a  branch  of  the  basilar.  It  varies  in  size,  being  sometimes  small,  and  occa¬ 
sionally  so  large  that  the  posterior  cerebral  may  be  considered  as  arising  from  the 
internal  carotid  rather  than  from  the  basilar.  It  is  frequently  larger  on  one  side 
than  on  the  other.  From  its  posterior  half  are  given  off  a  number  of  small  branches, 
the  postero-medial  ganglionic  branches,  which,  with  similar  vessels  from  the  posterior 
cerebral,  pierce  the  posterior  perforated  substance  and  supply  the  medial  surface 
of  the  thalami  and  the  walls  of  the  third  ventricle. 

11.  The  anterior  choroidal  (a.  chorioidea;  choroid  artery)  is  a  small  but  constant 
branch,  which  arises  from  the  internal  carotid,  near  the  posterior  communicating 
artery.  Passing  backward  and  lateralward  between  the  temporal  lobe  and  the 
cerebral  peduncle,  it  enters  the  inferior  horn  of  the  lateral  ventricle  through  the 
choroidal  fissure  and  ends  in  the  choroid  plexus.  It  is  distributed  to  the  hippo¬ 
campus,  fimbria,  tela  chorioidea  of  the  third  ventricle,  and  choroid  plexus. 


THE  ARTERIES  OF  THE  BRAIN. 


Int,  carotid 


Ant .  communicating 
Ant.  cerebral 


Poet  com¬ 
municating 


Since  the  mode  of  distribution  of  the  vessels  of  the  brain  has  an  important 
bearing  upon  a  considerable  number  of  the  pathological  lesions  which  may  occur 

in  this  part  of  the  nervous  system,  it  is  im¬ 
portant  to  consider  a  little  more  in  detail  the 
manner  in  which  the  vessels  are  distributed. 

The  cerebral  arteries  are  derived  from  the 
internal  carotid  and  vertebral,  which  at  the 
base  of  the  brain  form  a  remarkable  anasto¬ 
mosis  known  as  the  arterial  circle  of  Willis. 
It  is  formed  in  front  by  the  anterior  cere¬ 
bral  arteries,  branches  of  the  internal  carotid, 
which  are  connected  together  by  the  anterior 
communicating;  behind  by  the  two  posterior 
cerebral  arteries,  branches  of  the  basilar, 
which  are  connected  on  either  side  with  the 
internal  carotid  by  the  posterior  commu¬ 
nicating  (Figs.  535,  538).  The  parts  of  the 
brain  included  within  this  arterial  circle  are 
the  lamina  terminalis,  the  optic  chiasma, 
the  infundibulum,  the  tuber  cinereum,  the 
corpora  mammillaria,  and  the  posterior 
perforated  substance. 

The  three  trunks  which  together  supply 
each  cerebral  hemisphere  arise  from  the 
arterial  circle  of  Willis.  From  its  anterior 
part  proceed  the  two  anterior  cerebrals, 
from  its  antero-lateral  parts  the  middle 
cerebrals,  and  from  its  posterior  part  the 
posterior  cerebrals.  Each  of  these  prin¬ 
cipal  arteries  gives  origin  to  two  different 
systems  of  secondary  vessels.  One  of  these  is  named  the  ganglionic  system,  and  the 
vessels  belonging  to  it  supply  the  thalami  and  corpora  striata ;  the  other  is  the  cortical 
system,  and  its  vessels  ramify  in  the  pia  mater  and  supply  the  cortex  and  subjacent 
brain  substance.  These  two  systems  do  not  communicate  at  any  point  of  their 
peripheral  distribution,  but  are  entirely  independent  of  each  other,  and  there  is 
between  the  parts  supplied  by  the  two  systems  a  borderland  of  diminished 
nutritive  activity,  where,  it  is  said,  softening  is  especially  liable  to  occur  in  the 
brains  of  old  people. 


Posterior 
inferior 
cerebellar 

Fia.  538. — Diagram  of  the  arterial  circulation  at 
the  base  of  the  brain.  A.L.  Antero-lateral.  A.M. 
Antero-medial.  P.L.  Postero- lateral.  P.M.  Postero¬ 
medial  ganglionic  branches. 
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The  Ganglionic  System. — All  the  vessels  of  this  system  are  given  off  from  the 
arterial  circle  of  Willis,  or  from  the  vessels  close  to  it.  They  form  six  principal 
groups:  (I)  the  antero-medi&l group,  derived  from  the  anterior  cerebrals  and  anterior 
communicating;  (II)  the  postero-medial  group,  from  the  posterior  cerebrals  and 
posterior  communicating;  (III  and  IV)  the  right  and  left  antero-l&teral  groups, 
from  the  middle  cerebrals;  and  (V  and  VI)  the  right  and  left  postero-lateral 
groups,  from  the  posterior  cerebrals,  after  they  have  wound  around  the  cerebral 
peduncles.  The  vessels  of  this  system  are  larger  than  those  of  the  cortical  system, 
and  are  what  Cohnheim  designated  terminal  arteries — that  is  to  say,  vessels  which 
from  their  origin  to  their  termination  neither  supply  nor  receive  any  anastomotic 
branch,  so  that,  through  any  one  of  the  vessels  only  a  limited  area  of  the  thalamus 
or  corpus  striatum  can  be  injected,  and  the  injection  cannot  be  driven  beyond  the 
area  of  the  part  supplied  by  the  particular  vessel  which  is  the  subject  of  the 
experiment. 

The  Cortical  Arterial  System. — The  vessels  forming  this  system  are  the  terminal 
branches  of  the  anterior,  middle,  and  posterior  cerebral  arteries.  They  divide 
and  ramify  in  the  substance  of  the  pia  mater,  and  give  off  branches  which  penetrate 
the  brain  cortex,  perpendicularly.  These  branches  are  divisible  into  two  classes, 
long  and  short.  The  long,  or  medullary  arteries,  pass  through  the  gray  substance 
and  penetrate  the  subjacent  white  substance  to  the  depth  of  3  or  4  cm.,  without 
intercommunicating  otherwise  than  by  very  fine  capillaries,  and  thus  constitute 
so  many  independent  small  systems.  The  short  vessels  are  confined  to  the  cortex, 
where  they  form  with  the  long  vessels  a  compact  net-work  in  the  middle  zone 
of  the  gray  substance,  the  outer  and  inner  zones  being  sparingly  supplied  with 
blood.  The  vessels  of  the  cortical  arterial  system  are  not  so  strictly  “terminal” 
as  those  of  the  ganglionic  system,  but  they  approach  this  type  very  closely,  so 
that  injection  of  one  area  from  the  vessel  of  another  area,  though  possible,  is 
frequently  very  difficult,  and  is  only  effected  through  vessels  of  small  caliber.  As 
a  result  of  this,  obstruction  of  one  of  the  main  branches,  or  its  divisions,  may  have 
the  effect  of  producing  softening  in  a  limited  area  of  the  cortex. 

THE  ABTERIES  OF  THE  UPPER  EXTREMITY. 

The  artery  which  supplies  the  upper  extremity  continues  as  a  single  trunk 
from  its  commencement  down  to  the  elbow;  but  different  portions  of  it  have  received 
different  names,  according  to  the  regions  through  which  they  pass.  That  part 
of  the  vessel  which  extends  from  its  origin  to  the  outer  border  of  the  first  rib  is 
termed  the  subclavian;  beyond  this  point  to  the  lower  border  of  the  axilla  it  is 
named  the  axillary;  and  from  the  lower  margin  of  the  axillary  space  to  the  bend 
of  the  elbow  it  is  termed  brachial;  here  the  trunk  ends  by  dividing  into  two  branches 
the  radial  and  ulnar. 

THE  SUBCLAVIAN  ARTERY  (A.  SUBCLAVIA)  (Fig.  539). 

On  the  right  side  the  subclavian  artery  arises  from  the  innominate  artery  behind 
the  right  sternoclavicular  articulation;  on  the  left  side  it  springs  from  the  arch 
of  the  aorta.  The  two  vessels,  therefore,  in  the  first  part  of  their  course,  differ 
in  length,  direction,  and  relation  with  neighboring  structures. 

In  order  to  facilitate  the  description,  each  subclavian  artery  is  divided  into 
three  parts.  The  first  portion  extends  from  the  origin  of  the  vessel  to  the  medial 
border  of  the  Scalenus  anterior;  the  second  lies  behind  this  muscle;  and  the  third 
extends  from  the  lateral  margin  of  the  muscle  to  the  outer  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  The  first  portions  of  the  two  vessels  require 
separate  descriptions;  the  second  and  third  parts  of  the  two  arteries  are  practically 
alike. 
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Flu.  53). — Superficial  dissection  of  the  right  side  of  the  neck,  allowing  the  carotid  and  subclavian  arteries. 


Relations. — It  is  covered,  in  front,  by  the  integument,  superficial  fascia,  Platysma,  deep  fascia, 
the  clavicular  origin  of  the  Steraoeleidonjastoideus,  the  Sternohyoideus,  and  Sternothyreoideus, 
and  another  layer  of  the  deep  fascia.  It  is  crossed  by  the  internal  jugular  and  vertebral  veins, 
by  the  vagus  nerve  and  the  cardiac  branches  of  the  vagus  and  sympathetic,  and  by  the  sub¬ 
clavian  loop  of  the  sympttt  hetie  trunk  which  forms  a  ring  around  the  vessel.  The  anterior  jugular 
vein  is  directed  iatenihvard  in  front  of  the  artery,  but  is  separated  from  it  by  the  Sternohyoid eus 
and  HtCfnothyre6ideu«.  Be low  and  behind  the  artery  is  the  pleura,  which  separates  it  from  the 
apex  of  the  lung;  behind  is  the  aympathetic  trunk,  the  Longqs  colli  and  the  first  thoracic  vertebra. 
The  right  recurrent  nerve  winds  around  the  low  er  and  back  part  of  the  vessel. 


First  Part  of  the  Eight  Subclavian  Artery  (Figs.  525,  530)— The  first  part  of 
the  right  subclavian  artery  arises  from  the  innominate  artery,  behind  the  upper 
part  of  the  right  sternoclavicular  articulation,  and  passes  upward  and  lateralward 
to  the  medial  margin  of  the  Scalenus  anterior.  It  ascends  a  little  above  the  clavicle, 
the  extent  to  which  it  does  so  varying  in  different  cases. 


THE  SUBCLAVIAN  ARTERY 


581 


First  Part  of  the  Left  Subclavian  Artery  (Fig.  525). — The  first  part  of  the  left 
subclavian  artery  arises  from  the  arch  of  the  aorta,  behind  the  left  common  carotid, 
and  at  the  level  of  the  fourth  thoracic  vertebra;  it  ascends  in  the  superior  medias¬ 
tinal  cavity  to  the  root  of  the  neck  and  then  arches  lateralward  to  the  medial 
border  of  the  Scalenus  anterior. 

Relations. — It  is  in  relation,  in  front,  with  the  vagus,  cardiac,  and  phrenic  nerves,  which  lie 
parallel  with  it,  the  left  common  carotid  artery,  left  internal  jugular  and  vertebral  veins,  and 
the  commencement  of  the  left  innominate  vein,  and  is  covered  by  the  Sternothyreoideus,  Sterno- 
hvoideus,  and  Stemocleidomastoideus;  behind ,  it  is  in  relation  with  the  esophagus,  thoracic 
duct,  left  recurrent  nerve,  inferior  cervical  ganglion  of  the  sympathetic  trunk,  and  Longus  colli; 
higher  up,  however,  the  esophagus  and  thoracic  duct  lie  to  its  right  side;  the  latter  ultimately 
arching  over  the  vessel  to  join  the  angle  of  union  between  the  subclavian  and  internal  jugular 
veins.  Medial  to  it  are  the  esophagus,  trachea,  thoracic  duct,  and  left  recurrent  nerve;  lateral 
to  it,  the  left  pleura  and  lung. 

Second  and  Third  Parts  of  the  Subclavian  Artery  (Fig.  539).— The  second 
portion  of  the  subclavian  artery  lies  behind  the  Scalenus  anterior;  it  is  very  short, 
and  forms  the  highest  part  of  the  arch  described  by  the  vessel. 

Relations. — It  is  covered  in  front,  by  the  skin,  superficial  fascia,  Platysma,  deep  cervical 
fascia,  Stemocleidomastoideus,  and  Scalenus  anterior.  On  the  right  side  of  the  neck  the 
phrenic  nerve  is  separated  from  the  second  part  of  the  artery  by  the  Scalenus  anterior,  while 
on  the  left  side  it  crosses  the  first  part  of  the  artery  close  to  the  medial  edge  of  the  muscle. 
Behind  the  vessel  are  the  pleura  and  the  Scalenus  medius;  above,  the  brachial  plexus  of  nerves; 
below,  the  pleura.  The  subclavian  vein  lies  below  and  in  front  of  the  artery,  separated  from  it 
by  the  Scalenus  anterior. 

✓ 

The  third  portion  of  the  subclavian  artery  runs  downward  and  lateralward  from 
the  lateral  margin  of  the  Scalenus  anterior  to  the  outer  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  This  is  the  most  superficial  portion  of  the 
vessel,  and  is  contained  in  the  subclavian  triangle  (see  page  1318). 

Relations. — It  is  covered,  in  front,  by  the  skin,  the  superficial  fascia,  the  Platysma,  the  supra¬ 
clavicular  nerves,  and  the  deep  cervical  fascia.  The  external  jugular  vein  crosses  its  medial 
part  and  receives  the  transverse  scapular,  transverse  cervical,  and  anterior  jugular  veins,  which 
frequently  form  a  plexus  in  front  of  the  artery.  Behind  the  veins,  the  nerve  to  the  Subclavius 
descends  in  front  of  the  artery.  The  terminal  part  of  the  artery  lies  behind  the  clavicle  and  the 
Subclavius  and  is  crossed  by  the  transverse  scapular  vessels.  The  subclavian  vein  is  in  front 
of  and  at  a  slightly  lower  level  than  the  artery.  Behind,  it  lies  on  the  lowest  trunk  of  the  brachial 
plexus,  which  intervenes  between  it  and  the  Scalenus  medius.  Above  and  to  its  lateral  side  are 
the  upper  trunks  of  the  brachial  plexus  and  the  Omohyoid eus.  Below,  it  rests  on  the  upper 
surface  of  the  first  rib. 

Peculiarities. — The  subclavian  arteries  vary  in  their  origin,  their  course,  and  the  height  to 
which  they  rise  in  the  neck. 

The  origin  of  the  right  subclavian  from  the  innominate  takes  place,  in  some  cases,  above  the 
sternoclavicular  articulation,  and  occasionally,  but  less  frequently,  below  that  joint.  The  artery 
may  arise  as  a  separate  trunk  from  the  arch  of  the  aorta,  and  in  such  cases  it  may  be  either  the 
first,  second,  third,  or  even  the  last  branch  derived  from  that  vessel;  in  the  majority,  however, 
it  is  the  first  or  last,  rarely  the  second  or  third.  When  it  is  the  first  branch,  it  occupies  the  ordinary 
position  of  the  innominate  artery;  when  the  second  or  third,  it  gains  its  usual  position  by  passing 
behind  the  right  carotid;  and  when  the  last  branch,  it  arises  from  the  left  extremity  of  the  arch, 
and  passes  obliquely  toward  the  right  side,  usually  behind  the  trachea,  esophagus,  and  right 
carotid,  sometimes  between  the  esophagus  and  trachea,  to  the  upper  border  of  the  first  rib, 
whence  it  follows  its  ordinary  course.  In  very  rare  instances,  this  vessel  arises  from  the  thoracic 
aorta,  as  low  down  as  the  fourth  thoracic  vertebra.  Occasionally,  it  perforates  the  Scalenus 
anterior;  more  rarely  it  passes  in  front  of  that  muscle.  Sometimes  the  subclavian  vein  passes 
with  the  artery  behind  the  Scalenus  anterior.  The  artery  may  ascend  as  high  as  4  cm.  above 
the  clavicle,  or  any  intermediate  point  between  this  and  the  upper  border  of  the  bone,  the  right 
subclavian  usually  ascending  higher  than  the  left. 

The  left  subclavian  is  occasionally  joined  at  its  origin  with  the  left  carotid. 

The  left  subclavian  artery  is  more  deeply  placed  than  the  right  in  the  first  part  of  its  course, 
and,  as  a  rule,  does  not  reach  quite  as  high  a  level  in  the  neck.  The  posterior  border  of  the  Sterno- 
cleidomastoideus  corresponds  pretty  closely  to  the  lateral  border  of  the  Scalenus  anterior,  so 
that  the  third  portion  of  the  artery,  the  part  most  accessible  for  operation,  lies  immediately 
lateral  to  the  posterior  border  of  the  Sternocleidomastoideus. 
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Collateral  Circulation. — After  ligature  of  the  third  part  of  the  subclavian  artery,  the  collateral 
circulation  is  established  mainly  by  three  sets  of  vessels,  thus  described  in  a  dissection : 

1.  A  posterior  set,  consisting  of  the  transverse  scapular  and  the  descending  ramus  of  the  trans¬ 
verse  cervical  branches  of  the  subclavian,  anastomosing  with  the  subscapular  from  the  axillary. 

2.  A  medial  set,  produced  by  the  connection  of  the  internal  mammary  on  the  one  hand,  with 
the  highest  intercostal  and  lateral  thoracic  arteries,  and  the  branches  from  the  subscapular  on 
the  other. 

3.  A  middle  or  axillary  set,  consisting  of  a  number  of  small  vessels  derived  from  branches  of 
the  subclavian,  above,  and,  passing  through  the  axilla,  terminating  either  in  the  main  trunk, 
or  some  of  the  branches  of  the  axillary  below.  This  last  set  presented  most  conspicuously  the 
peculiar  character  of  newly  formed  or,  rather,  dilated  arteries,  being  excessively  tortuous,  and 
forming  a  complete  plexus. 

The  chief  agent  in  the  restoration  of  the  axillary  artery  below  the  tumor  was  the  subscapular 
artery,  which  communicated  most  freely  with  the  internal  mammary,  transverse  scapular  and 
descending  ramus  of  the  transverse  cervical  branches  of  the  subclavian,  from  all  of  which  it 
received  so  great  an  influx  of  blood  as  to  dilate  it  to  three  times  its  natural  size.1 

When  a  ligature  is  applied  to  the  first  part  of  the  subclavian  artery,  the  collateral  circulation  is 
carried  on  by :  (1)  the  anastomosis  between  the  superior  and  inferior  thyroids;  (2)  the  anastomosis 
of  the  two  vertebrals;  (3)  the  anastomosis  of  the  internal  mammary  with  the  inferior  epigastric 
and  the  aortic  intercostals;  (4)  the  costocervical  anastomosing  with  the  aortic  intercostals;  (5) 
the  profunda  cervicis  anastomosing  with  the  descending  branch  of  the  occipital;  (6)  the  scapular 
branches  of  the  thyrocervical  trunk  anastomosing  with  the  branches  of  the  axillary,  and  (7)  the 
thoracic  branches  of  the  axillary  anastomosing  with  the  aortic  intercostals. 

Branches. — The  branches  of  the  subclavian  artery  are: 

Vertebral.  Internal  mammary. 

Thyrocervical.  Costocervical. 

On  the  left  side  all  four  branches  generally  arise  from  the  first  portion  of  the 
vessel;  but  on  the  right  side  (Fig.  539)  the  costocervical  trunk  usually  springs 
from  the  second  portion  of  the  vessel.  On  both  sides  of  the  neck,  the  first  three 
branches  arise  close  together  at  the  medial  border  of  the  Scalenus  anterior;  in 
the  majority  of  cases,  a  free  interval  of  from  1.25  to  2.5  cm.  exists  between  the 
commencement  of  the  artery  and  the  origin  of  the  nearest  branch. 

1.  The  vertebral  artery  (a.  vertebralis)  (Fig.  533),  is  the  first  branch  of  the  sub¬ 
clavian,  and  arises  from  the  upper  and  back  part  of  the  first  portion  of  the  vessel. 
It  is  surrounded  by  a  plexus  of  nerve  fibers  derived  from  the  inferior  cervical 
ganglion  of  the  sympathetic  trunk,  and  ascends  through  the  foramina  in  the 
transverse  processes  of  the  upper  six  cervical  vertebrae;2  it  then  winds  behind  the 
superior  articular  process  of  the  atlas  and,  entering  the  skull  through  the  foramen 
magnum,  unites,  at  the  lower  border  of  the  pons,  with  the  vessel  of  the  opposite 
side  to  form  the  basilar  artery. 

Relations. — The  vertebral  artery  may  be  divided  into  four  parts:  The  first  part  runs  upward 
and  backward  between  the  Longus  colli  and  the  Scalenus  anterior.  In  front  of  it  are  the  internal 
jugular  and  vertebral  veins,  and  it  is  crossed  by  the  inferior  thyroid  artery;  the  left  vertebral 
is  crossed  by  the  thoracic  duct  also.  Behind  it  are  the  transverse  process  of  the  seventh  cervical 
vertebra,  the  sympathetic  trunk  and  its  inferior  cervical  ganglion.  The  second  part  runs  upward 
through  the  foramina  in  the  transverse  processes  of  the  upper  six  cervical  vertebrae,  and  is  sur¬ 
rounded  by  branches  from  the  inferior  cervical  sympathetic  ganglion  and  by  a  plexus  of  veins 
which  unite  to  form  the  vertebral  vein  at  the  lower  part  of  the  neck.  It  is  situated  in  front  of 
the  trunks  of  the  cervical  nerves,  and  pursues  an  almost  vertical  course  as  far  as  the  transverse 
process  of  the  atlas,  above  which  it  runs  upward  and  lateralward  to  the  foramen  in  the  trans¬ 
verse  process  of  the  atlas.  The  third  part  issues  from  the  latter  foramen  on  the  medial  side  of 
the  Rectus  capitis  lateralis,  and  curves  backward  behind  the  superior  articular  process  of  the 
atlas,  the  anterior  ramus  of  the  first  cervical  nerve  being  on  its  medial  side;  it  then  lies  in  the 
groove  on  the  upper  surface  of  the  posterior  arch  of  the  atlas,  and  enters  the  vertebral  canal 
by  passing  beneath  the  posterior  atlantooccipital  membrane.  This  part  of  the  artery  is  covered 
by  the  Semispinalis  capitis  and  is  contained  in  the  suboccipit&l  triangle — a  triangular  space 

1  Guy's  Hospital  Reports,  vol.  1,  1836.  Case  of  axillary  aneurism,  in  which  Aston  Key  had  tied  the  subclavian 
artery  on  the  Lateral  edge  of  the  Scalenus  anterior,  twelve  years  previously. 

*  The  vertebral  artery  sometimes  enters  the  foramen  in  the  transverse  process  of  the  fifth  vertebra,  and  has  been 
seen  entering  that  of  the  seventh  vertebra. 
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bounded  by  the  Rectus  capitis  posterior  major,  the  Obliquus  superior,  and  the  Obliquus  inferior. 
The  first  cervical  or  suboccipital  nerve  lies  between  the  artery  and  the  posterior  arch  of  the  atlas. 
The  fourth  part  pierces  the  dura  mater  and  inclines  medialward  to  the  front  of  the  medulla 
oblongata;  it  is  placed  between  the  hypoglossal  nerve  and  the  anterior  root  of  the  first  cervical 
nerve  and  beneath  the  first  digitation  of  the  ligamentum  denticulatum.  At  the  lower  border 
of  the  pons  it  unites  with  the  vessel  of  the  opposite  side  to  form  the  basilar  artery. 

Branches. — The  branches  of  the  vertebral  artery  may  be  divided  into  two  sets: 
those  given  off  in  the  neck,  and  those  within  the  cranium. 

Cervical  Branches.  Cranial  Branches. 

Spinal.  Meningeal. 

Muscular.  Posterior  Spinal. 

Anterior  Spinal. 

Posterior  Inferior  Cerebellar. 

Medullary. 

Spinal  Branches  ( rami  spinales)  enter  the  vertebral  canal  through  the  interverte¬ 
bral  foramina,  and  each  divides  into  two  branches.  Of  these,  one  passes  along 
the  roots  of  the  nerves  to  supply  the  medulla  spinalis  and  its  membranes,  anasto¬ 
mosing  with  the  other  arteries  of  the  medulla  spinalis;  the  other  divides  into  an 
ascending  and  a  descending  branch,  which  unite  with  similar  branches  from  the 
arteries  above  and  below,  so  that  two  lateral  anastomotic  chains  are  formed  on  the 
posterior  surfaces  of  the  bodies  of  the  vertebrae,  near  the  attachment  of  the  pedicles. 
From  these  anastomotic  chains  branches  are  supplied  to  the  periosteum  and  the 
bodies  of  the  vertebrae,  and  others  form  communications  with  similar  branches  from 
the  opposite  side;  from  these  communications  small  twigs  arise  which  join  similar 
branches  above  and  below,  to  form  a  central  anastomotic  chain  on  the  posterior 
surface  of  the  bodies  of  the  vertebrae. 

Muscular  Branches  are  given  off  to  the  deep  muscles  of  the  neck,  where  the 
vertebral  artery  curves  around  the  articular  process  of  the  atlas.  They  anastomose 
with  the  occipital,  and  with  the  ascending  and  deep  cervical  arteries. 

The  Meningeal  Branch  ( ramus  meningeus;  'posterior  meningeal  branch)  springs 
from  the  vertebral  opposite  the  foramen  magnum,  ramifies  between  the  bone 
and  dura  mater  in  the  cerebellar  fossa,  and  supplies  the  falx  cerebelli.  It  is  fre¬ 
quently  represented  by  one  or  two  small  branches. 

The  Posterior  Spinal  Artery  (a.  spinalis  posterior;  dorsal  spinal  artery)  arises 
from  the  vertebral,  at  the  side  of  the  medulla  oblongata;  passing  backward,  it 
descends  on  this  structure,  lying  in  front  of  the  posterior  roots  of  the  spinal  nerves, 
and  is  reinforced  by  a  succession  of  small  branches,  which  enter  the  vertebral 
canal  through  the  intervertebral  foramina;  by  means  of  these  it  is  continued  to 
the  lower  part  of  the  medulla  spinalis,  and  to  the  cauda  equina.  Branches  from 
the  posterior  spinal  arteries  form  a  free  anastomosis  around  the  posterior  roots 
of  the  spinal  nerves,  and  communicate,  by  means  of  very  tortuous  transverse 
branches,  writh  the  vessels  of  the  opposite  side.  Close  to  its  origin  each  gives  off 
an  ascending  branch,  which  ends  at  the  side  of  the  fourth  ventricle. 

The  Anterior  Spinal  Artery  (a.  spinalis  anterior;  ventral  spinal  artery)  is  a  small 
branch,  wrhich  arises  near  the  termination  of  the  vertebral,  and,  descending  in 
front  of  the  medulla  oblongata,  unites  with  its  fellow  of  the  opposite  side  at  the 
level  of  the  foramen  magnum.  One  of  these  vessels  is  usually  larger  than  the  other, 
but  occasionally  they  are  about  equal  in  size.  The  single  trunk,  thus  formed, 
descends  on  the  front  of  the  medulla  spinalis,  and  is  reinforced  by  a  succession 
of  small  branches  which  enter  the  vertebral  canal  through  the  intervertebral 
foramina;  these  branches  are  derived  from  the  vertebral  and  the  ascending  cervical 
of  the  inferior  thyroid  in  the  neck;  from  the  intercostals  in  the  thorax;  and  from 
theJumbar,  iliolumbar,  and  lateral  sacral  arteries  in  the  abdomen  and  pelvis. 
They  unite,  by  means  of  ascending  and  descending  branches,  to  form  a  single 


584 


ANGIOLOGY 


anterior  median  artery,  which  extends  as  far  as  the  lower  part  of  the  medulla  spinalis, 
and  is  continued  as  a  slender  twig  on  the  Slum  terminale.  This  vessel  is  placed 
in  the  pia  mater  along  the  anterior  median  fissure;  it  supplies  that  membrane,  and 
the  substance  of  the  medulla  spinalis,  and  sends  off  branches  at  its  lower  part  to 
be  distributed  to  the  cauda  equina. 

The  Posterior  Inferior  Cerebellar  Artery  (a.  cerebelli  inferior  posterior)  (Fig.  535), 
the  largest  branch  of  the  vertebral,  winds  backward  around  the  upper  part  of  the 
medulla  oblongata,  passing  between  the  origins  of  the  vagus  and  accessory  nerves, 
over  the  inferior  peduncle  to  the  under  surface  of  the  cerebellum,  where  it  divides 
into  two  branches.  The  medial  branch  is  continued  backward  to  the  notch  between 
the  two  hemispheres  of  the  cerebellum;  while  the  lateral  supplies  the  under  surface 
of  the  cerebellum,  as  far  as  its  lateral  border,  where  it  anastomoses  with  the  anterior 
inferior  cerebellar  and  the  superior  cerebellar  branches  of  the  basilar  artery.. 
Branches  from  this  artery  supply  the  choroid  plexus  of  the  fourth  ventricle. 

The  Medullary  Arteries  {bulbar  arteries)  are  several  minute  vessels  which  spring 
from  the  vertebral  and  its  branches  and  are  distributed  to  the  medulla  oblongata. 

The  Basilar  Artery  (a.  basilaris)  (Fig.  535),  so  named  from  its  position  at  the 
base  of  the  skull,  is  a  single  trunk  formed  by  the  junction  of  the  two  vertebral 
arteries:  it  extends  from  the  lower  to  the  upper  border  of  the  pons,  lying  in  its 
median  groove,  under  cover  of  the  arachnoid.  It  ends  by  dividing  into  the  two 
posterior  cerebral  arteries. 

Its  branches,  on  either  side,  are  the  following: 

Pontine.  Anterior  Inferior  Cerebellar. 

Internal  Auditory.  Superior  Cerebellar. 

Posterior  Cerebral. 


The  pontine  branches  {rami  ad  pontem;  transverse  branches)  are  a  number  of  small 
vessels  which  come  off  at  right  angles  from  either  side  of  the  basilar  artery  and 
supply  the  pons  and  adjacent  parts  of  the  brain. 

The  internal  auditory  artery  (a.  auditiva  interna;  auditory  artery ),  a  long  slender 
branch,  arises  from  near  the  middle  of  the  artery;  it  accompanies  the  acoustic  nerve 
through  the  internal  acoustic  meatus,  and  is  distributed  to  the  internal  ear. 

The  anterior  inferior  cerebellar  artery  (a.  cerebelli  inferior  anterior)  passes  back¬ 
ward  to  be  distributed  to  the  anterior  part  of  the  under  surface  of  the  cerebellum, 
anastomosing  with  the  posterior  inferior  cerebellar  branch  of  the  vertebral. 

The  superior  cerebellar  artery  (a.  cerebelli  superior)  arises  near  the  termination 
of  the  basilar.  It  passes  lateralward,  immediately  below  the  oculomotor  nerve, 
which  separates  it  from  the  posterior  cerebral  artery,  winds  around  the  cerebral 
peduncle,  close  to  the  trochlear  nerve,  and,  arriving  at  the  upper  surface  of  the 
cerebellum,  divides  into  branches  which  ramify  in  the  pia  mater  and  anastomose 
with  those  of  the  inferior  cerebellar  arteries.  Several  branches  are  given  to  the 
pineal  body,  the  anterior  medullary  velum,  and  the  tela  chorioidea  of  the  third 
ventricle. 

The  posterior  cerebral  artery  (a.  cerebri  posterior)  (Figs.  535,  536,  537)  is  larger 
than  the  preceding,  from  which  it  is  separated  near  its  origin  by  the  oculomotor 
nerve.  Passing  lateralward,  parallel  to  the  superior  cerebellar  artery,  and  receiving 
the  posterior  communicating  from  the  internal  carotid,  it  winds  around  the  cerebral 
peduncle,  and  reaches  the  tentorial  surface  of  the  occipital  lobe  of  the  cerebrum, 
where  it  breaks  up  into  branches  for  the  supply  of  the  temporal  and  occipital  lobes. 

The  branches  of  the  posterior  cerebral  artery  are  divided  into  two  sets,  ganglionic 
and  cortical: 


{Posterior-medial. 
Posterior  Choroidal. 
Postero-lateral. 


Cortical 


Anterior  Temporal. 
Posterior  Temporal. 
Calcarine. 
Parietooccipital. 
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Ganglionic. — The  postero-medial  ganglionic  branches  (Fig.  538)  are  a  group  of 
small  arteries  which  arise  at  the  commencement  of  the  posterior  cerebral  artery: 
these,  with  similar  branches  from  the  posterior  communicating,  pierce  the  pos¬ 
terior  perforated  substance,  and  supply  the  medial  surfaces  of  the  thalami  and  the 
walls  of  the  third  ventricle.  The  posterior  choroidal  branches  run  forward  beneath 
the  splenium  of  the  corpus  callosum,  and  supply  the  tela  chorioidea  of  the  third 
ventricle  and  the  choroid  plexus.  The  postero-lateral  ganglionic  branches  are  small 
arteries  which  arise  from  the  posterior  cerebral  artery  after  it  has  turned  around  the 
cerebral  peduncle;  they  supply  a  considerable  portion  of  the  thalamus. 

Cortical. — The  cortical  branches  are:  the  anterior  temporal,  distributed  to  the 
uncus  and  the  anterior  part  of  the  fusiform  gyrus;  the  posterior  temporal,  to  the 
fusiform  and  the  inferior  temporal  gyri;  the  calcarine,  to  the  cuneus  and  gyrus 
lingualis  and  the  back  part  of  the  convex  surface  of  the  occipital  lobe;  and  the 
parietooccipital,  to  the  cuneus  and  the  precuneus. 

2.  The  thyrocervical  trunk  ( truncus  thyreocervicalis;  thyroid  axis )  (Fig.  539)  is 
a  short  thick  trunk,  wrhich  arises  from  the  front  of  the  first  portion  of  the  subclavian 
artery,  close  to  the  medial  border  of  the  Scalenus  anterior,  and  divides  almost 
immediately  into  three  branches,  the  inferior  thyroid,  transverse  scapular,  and  trans¬ 
fers e  cervical. 

The  Inferior  Thyroid  Artery  (a.  thyreoidea  inferior)  passes  upward,  in  front  of  the 
vertebral  artery  and  Longus  colli;  then  turns  medialward  behind  the  carotid  sheath 
and  its  contents,  and  also  behind  the  sympathetic  trunk,  the  middle  cervical 
ganglion  resting  upon  the  vessel.  Reaching  the  lower  border  of  the  thyroid  gland 
it  divides  into  two  branches,  which  supply  the  postero-inferior  parts  of  the  gland, 
and  anastomose  with  the  superior  thyroid,  and  with  the  corresponding  artery  of 
the  opposite  side.  The  recurrent  nerve  passes  upward  generally  behind,  but  occa¬ 
sionally  in  front,  of  the  artery. 

The  branches  of  the  inferior  thyroid  are: 

Inferior  Laryngeal..  Esophageal. 

Tracheal.  Ascending  Cervical. 

Muscular. 

The  inferior  laryngeal  artery  (a.  laryngea  inferior)  ascends  upon  the  trachea  to 
the  back  part  of  the  larynx  under  cover  of  the  Constrictor  pharyngis  inferior,  in 
company  with  the  recurrent  nerve,  and  supplies  the  muscles  and  mucous  mem¬ 
brane  of  this  part,  anastomosing  with  the  branch  from  the  opposite  side,  and  with 
the  superior  laryngeal  branch  of  the  superior  thyroid  artery. 

The  tracheal  branches  ( rami  tracheales)  are  distributed  upon  the  trachea,  and 
anastomose  below  with  the  bronchial  arteries. 

The  esophageal  branches  {rami  cesophagei)  supply  the  esophagus,  and  anasto¬ 
mose  with  the  esophageal  branches  of  the  aorta. 

The  ascending  cervical  artery  (a.  cervicalis  ascendens)  is  a  small  branch  which 
arises  from  the  inferior  thyroid  as  that  vessel  is  passing  behind  the  carotid  sheath; 
it  runs  up  on  the  anterior  tubercles  of  the  transverse  processes  of  the  cervical 
vertebra  in  the  interval  between  the  Scalenus  anterior  and  Longus  capitis.  To 
the  muscles  of  the  neck  it  gives  twigs  which  anastomose  with  branches  of  the  ver¬ 
tebral,  and  it  sends  one  or  two  spinal  branches  into  the  vertebral  canal  through 
the  intervertebral  foramina  to  be  distributed  to  the  medulla  spinalis  and  its  mem¬ 
branes,  and  to  the  bodies  of  the  vertebra,  in  the  same  manner  as  the  spinal  branches 
from  the  vertebral.  It  anastomoses  with  the  ascending  pharyngeal  and  occipital 
arteries. 

The  muscular  branches  supply  the  depressors  of  the  hyoid  bone,  and  the  Longus 
colli.  Scalenus  anterior,  and  Constrictor  pharyngis  inferior. 
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The  Transverse  Scapular  Artery  (aJmn^erm  M.'apufo;  mpTf^mpuiar artery)  passes 
at  first  downward  and  fa  teraUvaiti  •  across  the  Scalenus  anterior  ami  phrenic 

'  nerve*  being  covered  by  the 
Stenfodenlornas^adeus;,  it  then 
Vv>vy^,,  •:  •  -zfossfci''  the  iubejavtah  artery 

and  the  brachial  plexus,  and 
Ant£  behind  and  panriM  ^iif* 
the  clavicle  and  Subcfaviu£, 
arid  beneath  the  Inferior  belly 
of  the  Omohypideu?,  to  the 
superior  border  of  the  cupula  ; 
i t  passe*  over  the  superior 
transverBc:  iigahtent  of  the 
scapula  whit'h  Hepariites  it  from 
the  suprascapular  nerve,,  and 
en  ters  the  supmsfitna f  mis  fos*a 
(Fig.  510).  hr  this  sitUiitkai  it 
lies  dose  to  the  bone,  ami  rami¬ 
fies  between  it  and  the  Supra- 
spinatu*,  to  which  it  supplied 
branches.  It  then  descends  be- 
hmd  the  neck  of  the  scapula, 
through  the  great  .scapular 
potijf  and  utukr  cover  of  the 
i^rior . ligament,  to 
read*  the  Thfrispinhtops  fossa,.  where  it  #ith  .tMe  ^spular  einnirnfle^ 

and  thexlesi^ndmg  branch  of  the  transverse  branches 

to  the  Steniocleidnm/ist^  S.ubciavfua.r  and  neighboring  muscles,  it  gives  off  a 
supra&ternal  branch,  which  over  the  .-sternal  end  of  the  cui  vide  to  the  skin  of 

the  upper  part  of  the  chest .  and  m  acromial  branch,  which  pterees  the  TraperiiB- 
ami  supplies  the  slept  over  .the"  tieronikm,  anastomosing ■with  the  thora^acronual 
artery.  As  the  artery  passes  over  the  superior  transverse  Hgameitt  of  the  scapula, 
it  sends  a  branch  info  the  *id>>c*puln£  foska*  where  it  ranitfies  l>eucath  the  Sulv 
seapnJarisV  and  Abast#mo^  ^t^apular’.  artery  and  ''with  the  de^mling 

branch  of  the  tr$ktW'eti&  cerviuaL  tt  also  sends  articular  branches  to.  the  -.acto-- 
mitidaviedar  and  sbuijjcler  y  ami  &  nutrient  artery  to  the-- da  vide. 

The  Transveme  Gemcai  Artery  (<?.  frmmprsa  imtwwtmli#  mill  artery) lies 
at  a  higher  level  than  the  < ;n^ •>e..  r-e  saiptilar;  it  passes  transversely  beneath  the 
inferior  belly  of  tlnvOoiohyoidcns.  to  'the  anterior  margin  of  the  Trajic^ius,  beneath 
which  it  divides  into  an  ascending  and  a  descending  branch,  It  crosses  in  front  of 
the  phrenic  nerve  am!  the  Scafeni,  and  in  front  of  or  between  the  divisions  of  the 
brachial  plexus,,  and  h  covered  by  the  Platymva  and  Stera.ocleidpnmstoidei!y  and 
crossed  by  the  Omohyeideus  arid  Trapezius. 

Thfc  asceadi&g  braacb  (rfimis  nxcendms;  ^ai^rHvial  <i?tvu*al  artery j  ascends  he*? 
Health  Xlie  margin  of  the  Trapefcius*  disiribo^p^  td  if «  and  to  the 


Kiti-  ttraptflttr  *x»<i  Urounflc?  »rt4*rieH. 


neighboring  ip^cles  and  lymph  glands  in  the  neck,  hiid  atmstumnshvg  with  the 


sujifrtiv'ial  bnuich  of  tin*  'Itocendi 

rig  ran 

'ttJS  of  t 

lie  occipital  artery. 

The  descending  branch  (fdniiis 

descen 

p: 

wtirior  zcapuhr  orifry) 

passes  beneath  the  Lev ntor  sea  puke;  \&  the  medial  angle  of  the  scapula,  ami  then 
descends  under  the  Ffticnuboidhr  along  the  Xr ^rl: .-110^1^  til  tlmt '  bdue  is  l**r  ah 
the  inferior  Ahgkc  tt  supplies  the  Hhomboiilci,  jUitissimus  dorsi  ami  Trapezium., 
ami.  }<tm-u*’nosf’VW'jth  the  transverse  scapular  and  stfbscapntar  arteries,  aud  with 
the  posterior  hunches  of  some  of  the  intercostal  arteries. 


Peculiarities. — The  ascending  branch  of  the  transverse  cervical  frequently  arises  directly 
from  the  thyrocervical  trunk;  and  the  descending  branch  from  the  third,  more  rarely  from  the 
second,  part  of  the  subclavian. 


Thyrocervical  artery 


Comm  cm  mrot  ul  artery 
art  try 

I  ( ttemal  ituimvwfy  artery 


Scalenus  anterior 


Ccrjfrratituj  branches 


Super  tor  epigastric  artery 


M usctdophrenic  artery 


I  n feri or  epigoMrif.  artery 


External  iliac  artery 


'Tb«  iatenuti  iuaxni.utt-ry  ari-wy  ux<»?  iU'krar.frt)^. 


3.  The  internal  mammary  artery  (a.  mammaria  interna)  (Fig.  541)  arises  from 
the  under  surface  of  the  first  portion  of  the  subclavian,  opposite  the  thyro¬ 
cervical  trunk.  It  descends  behind  the  cartilages  of  the  upper  six  ribs  at  a  distance 
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of  about  1.25  cm.  from  the  margin  of  the  sternum,  and  at  the  level  of  the  sixth 
intercostal  space  divides  into  the  musculophrenic  and  superior  epigastric  arteries. 

Relations. — It  is  directed  at  first  downward,  forward,  and  medialward  behind  the  sternal 
end  of  the  clavicle,  the  subclavian  and  internal  jugular  veins,  and  the  first  costal  cartilage,  and 
passes  forward  close  to  the  lateral  side  of  the  innominate  vein.  As  it  enters  the  thorax  the  phrenic 
nerve  crosses  from  its  lateral  to  its  medial  side.  Below  the  first  costal  cartilage  it  descends  almost 
vertically  to  its  point  of  bifurcation.  It  is  covered  in  front  by  the  cartilages  of  the  upper  six 
ribs  and  the  intervening  Intercostales  interni  and  anterior  intercostal  membranes,  and  is  crossed 
by  the  terminal  portions  of  the  upper  six  intercostal  nerves.  It  rests  on  the  pleura,  as  far  as  the 
third  costal  cartilage;  below  this  level,  upon  the  Transversus  thoracis.  It  is  accompanied  by  a 
pair  of  veins;  these  unite  above  to  form  a  single  vessel,  which  runs  medial  to  the  artery  and  ends 
in  the  corresponding  innominate  vein. 

Branches. — The  branches  of  the  internal  mammary  are: 

Pericardiacophrenic.  Intercostal. 

Anterior  Mediastinal.  Perforating. 

Pericardial.  Musculophrenic. 

Sternal.  Superior  Epigastric. 

The  Pericardiacophrenic  Artery  (a.  pericardiacophrenica ;  a.  comes  nerd  phrenici) 
is  a  long  slender  branch,  which  accompanies  the  phrenic  nerve,  between  the  pleura 
and  pericardium,  to  the  diaphragm,  to  which  it  is  distributed;  it  anastomoses 
with  the  musculophrenic  and  inferior  phrenic  arteries. 

The  Anterior  Mediastinal  Arteries  (aa.  mediastinales  anterior es;  mediastinal  arter¬ 
ies)  are  small  vessels,  distributed  to  the  areolar  tissue  and  lymph  glands  in  the 
anterior  mediastinal  cavity,  and  to  the  remains  of  the  thymus. 

The  Pericardial  Branches  supply  the  upper  part  of  the  anterior  surface  of  the 
pericardium;  the  lower  part  receives  branches  from  the  musculophrenic  artery. 

The  Sternal  Branches  (rami  stemales)  are  distributed  to  the  Transversus  thoracis, 
and  to  the  posterior  surface  of  the  sternum. 

The  anterior  mediastinal,  pericardial,  and  sternal  branches,  together  with  some 
twigs  from  the  pericardiacophrenic,  anastomose  with  branches  from  the  intercostal 
and  bronchial  arteries,  and  form  a  subpleural  mediastinal  plexus. 

The  Intercostal  Branches  (rami  inter  costales;  anterior  intercostal  arteries)  supply 
the  upper  five  or  six  intercostal  spaces.  Two  in  number  in  each  space,  these  small 
vessels  pass  lateralward,  one  lying  near  the  lower  margin  of  the  rib  above,  and  the 
other  near  the  upper  margin  of  the  rib  below,  and  anastomose  with  the  intercostal 
arteries  from  the  aorta.  They  are  at  first  situated  between  the  pleura  and  the 
Intercostales  interni,  and  then  between  the  Intercostales  interni  and  extemi. 
They  supply  the  Intercostales  and,  by  branches  which  perforate  the  Intercostales 
externi,  the  Pectorales  and  the  mamma. 

The  Perforating  Branches  (rami  perforantes)  correspond  to  the  five  or  six  inter¬ 
costal  spaces.  They  pass  forward  through  the  intercostal  spaces,  and,  curving 
lateralward,  supply  the  Pectoralis  major  and  the  integument.  Those  which  corre¬ 
spond  to  the  second,  third,  and  fourth  spaces  give  branches  to  the  mamma,  and 
during  lactation  are  of  large  size. 

The  Musculophrenic  Artery  (a.  musculophrenica)  is  directed  obliquely  downward 
and  lateralward,  behind  the  cartilages  of  the  false  ribs;  it  perforates  the  dia¬ 
phragm  at  the  eighth  or  ninth  costal  cartilage,  and  ends,  considerably  reduced 
in  size,  opposite  the  last  intercostal  space.  It  gives  off  intercostal  branches 
to  the  seventh,  eighth,  and  ninth  intercostal  spaces;  these  diminish  in  size  as  the 
spaces  decrease  in  length,  and  are  distributed  in  a  manner  precisely  similar  to  the 
intercostals  from  the  internal  mammary.  The  musculophrenic  also  gives  branches 
to  the  lower  part  of  the  pericardium,  and  others  which  run  backward  to  the  dia¬ 
phragm,  and  downward  to  the  abdominal  muscles. 
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The  Superior  Epigastric  Artery  (a.  epigastrica  superior )  continues  in  the  original 
direction  of  the  internal  mammary;  it  descends  through  the  interval  between  the 
costal  and  sternal  attachments  of  the  diaphragm,  and  enters  the  sheath  of  the 
Rectus  abdominis,  at  first  lying  behind  the  muscle,  and  then  perforating  and  sup¬ 
plying  it,  and  anastomosing  with  the  inferior  epigastric  artery  from  the  external 
iliac.  Branches  perforate  the  anterior  wrall  of  the  sheath  of  the  Rectus,  and  supply 
the  muscles  of  the  abdomen  and  the  integument,  and  a  small  branch  passes  in 
front  of  the  xiphoid  process  and  anastomoses  with  the  artery  of  the  opposite  side. 
It  also  gives  some  twigs  to  the  diaphragm,  while  from  the  artery  of  the  right 
side  small  branches  extend  into  the  falciform  ligament  of  the  liver  and  anastomose 
with  the  hepatic  artery. 

4.  The  costocervic&l  trunk  (truncus  costocervicalis;  superior  intercostal  artery ) 
(Fig.  532)  arises  from  the  upper  and  back  part  of  the  subclavian  artery,  behind 
the  Scalenus  anterior  on  the  right  side,  and  medial  to  that  muscle  on  the  left  side. 
Passing  backward,  it  gives  off  the  profunda  cervicaiis,  and,  continuing  as  the  highest 
intercostal  artery,  descends  behind  the  pleura  in  front  of  the  necks  of  the  first  and 
second  ribs,  and  anastomoses  with  the  first  aortic  intercostal.  As  it  crosses  the 
neck  of  the  first  rib  it  lies  medial  to  the  anterior  division  of  the  first  thoracic  nerve, 
and  lateral  to  the  first  thoracic  ganglion  of  the  sympathetic  trunk. 

In  the  first  intercostal  space,  it  gives  off  a  branch  which  is  distributed  in  a 
manner  similar  to  the  distribution  of  the  aortic  intercostals.  The  branch  for  the 
second  intercostal  space  usually  joins  with  one  from  the  highest  aortic  intercostal 
artery.  This  branch  is  not  constant,  but  is  more  commonly  found  on  the  right 
side;  when  absent,  its  place  is  supplied  by  an  intercostal  branch  from  the  aorta. 
Each  intercostal  gives  off  a  posterior  branch  which  goes  to  the  posterior  vertebral 
muscles,  and  sends  a  small  spinal  branch  through  the  corresponding  intervertebral 
foramen  to  the  medulla  spinalis  and  its  membranes. 

The  Profunda  Cervicaiis  (a.  cervicaiis  profunda ;  deep  cervical  branch)  arises ,  in 
most  cases,  from  the  costocervical  trunk,  and  is  analogous  to  the  posterior  branch 
of  an  aortic  intercostal  artery:  occasionally  it  is  a  separate  branch  from  the  sub¬ 
clavian  artery.  Passing  backward,  above  the  eighth  cervical  nerve  and  between 
the  transverse  process  of  the  seventh  cervical  vertebra  and  the  neck  of  the  first  rib, 
it  runs  up  the  back  of  the  neck,  between  the  Semispinales  capitis  and  colli,  as  high 
as  the  axis  vertebra,  supplying  these  and  adjacent  muscles,  and  anastomosing  with 
the  deep  division  of  the  descending  branch  of  the  occipital,  and  with  branches  of 
the  vertebral.  It  gives  off  a  spinal  twig  which  enters  the  canal  through  the  inter¬ 
vertebral  foramen  between  the  seventh  cervical  and  first  thoracic  vertebrae. 

THE  AXILLA. 

The  axilla  is  a  pyramidal  space,  situated  between  the  upper  lateral  part  of  the 
chest  and  the  medial  side  of  the  arm. 

Boundaries. — The  apex ,  which  is  directed  upward  toward  the  root  of  the  neck, 
corresponds  to  the  interval  between  the  outer  border  of  the  first  rib,  the  superior 
border  of  the  scapula,  and  the  posterior  surface  of  the  clavicle,  and  through  it 
the  axillary  vessels  and  nerves  pass.  The  base ,  directed  downward,  is  broad  at 
the  chest  but  narrow  and  pointed  at  the  arm;  it  is  formed  by  the  integument  and  a 
thick  layer  of  fascia,  the  axillary  fascia,  extending  between  the  lower  border  of  the 
Pectoralis  major  in  front,  and  the  lower  border  of  the  Latissimus  dorsi  behind. 
The  anterior  wall  is  formed  by  the  Pectorales  major  and  minor,  the  former  covering 
the  whole  of  this  wall,  the  latter  only  its  central  part.  The  space  between  the  upper 
border  of  the  Pectoralis  minor  and  the  clavicle  is  occupied  by  the  coracoclavicular 
fascia.  The  posterior  wall ,  which  extends  somewThat  lowrer  than  the  anterior,  is 
formed  by  the  Subscapularis  above,  the  Teres  major  and  Latissimus  dorsi  below. 
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On  the  medial  side  are  the  first  four  ribs  with  their  corresponding  Intercostales, 
and  part  of  the  Serratus  anterior.  On  the  lateral  side ,  where  the  anterior  and 
posterior  walls  converge,  the  space  is  narrow,  and  bounded  by  the  humerus,  the 
Coracobrachialis,  and  the  Biceps  brachii. 

Contents. — It  contains  the  axillary  vessels,  and  the  brachial  plexus  of  nerves, 
with  their  branches,  some  branches  of  the  intercostal  nerves,  and  a  large  number 
of  lymph  glands,  together  with  a  quantity  of  fat  and  loose  areolar  tissue.  The 
axillary  artery  and  vein,  with  the  brachial  plexus  of  nerves,  extend  obliquely  along 
the  lateral  boundary  of  the  axilla,  from  its  apex  to  its  base,  and  are  placed  much 
nearer  to  the  anterior  than  to  the  posterior  wall,  the  vein  lying  to  the  thoracic  side 
of  the  artery  and  partially  concealing  it.  At  the  forepart  of  the  axilla,  in  contact 
with  the  Pectorales,  are  the  thoracic  branches  of  the  axillary  artery,  and  along 
the  lower  margin  of  the  Pectoralis  minor  the  lateral  thoracic  artery  extends  to  the 
side  of  the  chest.  At  the  back  part,  in  contact  with  the  lower  margin  of  the  Sub- 
scapularis,  are  the  subscapular  vessels  and  nerves;  winding  around  the  lateral 
border  of  this  muscle  are  the  scapular  circumflex  vessels;  and,  close  to  the  neck 
of  the  humerus,  the  posterior  humeral  circumflex  vessels  and  the  axillary  nerve 
curve  backward  to  the  shoulder.  Along  the  medial  or  thoracic  side  no  vessel  of 
any  importance  exists,  the  upper  part  of  the  space  being  crossed  merely  by  a  few 
small  branches  from  the  highest  thoracic  artery.  There  are  some  important  nerves, 
however,  in  this  situation,  viz.,  the  long  thoracic  nerve,  descending  on  the  surface 
of  the  Serratus  anterior,  to  which  it  is  distributed;  and  the  intercostobrachial 
nerve,  perforating  the  upper  and  anterior  part  of  this  wall,  and  passing  across  the 
axilla  to  the  medial  side  of  the  arm. 

The  position  and  arrangement  of  the  lymph  glands  are  described  on  pages  703 
and  704. 


The  Axillary  Artery  (A.  Axillaris)  (Fig.  542). 

The  axillary  artery,  the  continuation  of  the  subclavian,  commences  at  the  outer 
border  of  the  first  rib,  and  ends  at  the  lower  border  of  the  tendon  of  the  Teres 
major,  where  it  takes  the  name  of  brachial.  Its  direction  varies  wTith  the  position 
of  the  limb;  thus  the  vessel  is  nearly  straight  when  the  arm  is  directed  at  right 
angles  with  the  trunk,  concave  upward  when  the  arm  is  elevated  above  this,  and 
convex  upward  and  lateralward  when  the  arm  lies  by  the  side.  At  its  origin  the 
artery  is  very  deeply  situated,  but  near  its  termination  is  superficial,  being  covered 
only  by  the  skin  and  fascia.  To  facilitate  the  description  of  the  vessel  it  is  divided 
into  three  portions;  the  first  part  lies  above,  the  second  behind,  and  the  third 
below  the  Pectoralis  minor. 

Relations. — The  first  portion  of  the  axillary  artery  is  covered  anteriorly  by  the  clavicular 
portion  of  the  Pectoralis  major  and  the  coracoclavicular  fascia,  and  is  crossed  by  the  lateral 
anterior  thoracic  nerve,  and  the  thoracoacromial  and  cephalic  veins;  'posterior  to  it  are  the  first 
intercostal  space,  the  corresponding  Intercostalis  extern  us,  the  first  and  second  digitations  of 
the  Serratus  anterior,  and  the  long  thoracic  and  medial  anterior  thoracic  nerves,  and  the  medial 
cord  of  the  brachial  plexus;  on  its  lateral  side  is  the  brachial  plexus,  from  which  it  is  separated 
by  a  little  areolar  tissue;  on  its  medial,  or  thoracic  side,  is  the  axillary  vein  which  overlaps  the 
artery.  It  is  enclosed,  together  with  the  axillary  vein  and  the  brachial  plexus,  in  a  fibrous  sheath 
— the  axillary  sheath — continuous  above  with  the  deep  cervical  fascia. 

The  second  portion  of  the  axillary  artery  is  covered,  anteriorly ,  by  the  Pectorales  major  and 
minor;  posterior  to  it  are  the  posterior  cord  of  the  brachial  plexus,  and  some  areolar  tissue  which 
intervenes  between  it  and  the  Subscapularis;  on  the  medial  side  is  the  axillary  vein,  separated 
from  the  artery  by  the  medial  cord  of  the  brachial  plexus  and  the  medial  anterior  thoracic  nerve; 
on  the  lateral  side  is  the  lateral  cord  of  the  brachial  plexus.  The  brachial  plexus  thus  surrounds 
the  artery  on  three  sides,  and  separates  it  from  direct  contact  with  the  vein  and  adjacent  muscles. 

The  third  portion  of  the  axillary  artery  extends  from  the  lower  border  of  the  Pectoralis  minor 
to  the  lower  border  of  the  tendon  of  the  Teres  major.  In  front ,  it  is  covered  by  the  lower  part 
of  the  Pectoralis  major  above,  but  only  by  the  integument  and  fascia  below;  behind,  it  is  in  rela¬ 
tion  with  the  lower  part  of  the  Subscapularis,  and  the  tendons  of  the  Latissimus  dorsi  and  Teres 
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major;  on  its  lateral  side  is  the  Coracobraohialis,  and  on  its  medial  or  thoracic  side,  the  axillary 
rein.  The  nerves  of  the  brachial  plexus  bear  the  following  relations  to  this  part  of  the  artery: 
on  the  lateral  side  Are  the  lateral  head  and  the  trunk  of  the  median,  and  the  musculocutaneous 
for  a  short  distance;  on  the  medial  side  the  ulnar  (between  the  vein  and  artery)  and  medial  brachial 
cutaneous  (to  the  medial  side  of  the  vein);  in  front  are  the  medial  head  of  the  median  and  the 
medial  anti  brachial  cutaneous,  and  behind ,  the  radial  and  axillary,  the  latter  only  as  far  as  the 
lower  border  of  the  Subscapularis. 

Collateral  Circulation  after  Ligature  of  the  Axillary  Artery. — If  the  artery  be  tied  above  the 
origin  of  the  thoracoacromial,  the  collateral  circulation  will  be  carried  on  by  the  same  branches 
as  after  the  ligature,  of  the  third  part  of  the  subclavian;  if  at  a  lower  point,  between  the 
thoracoacromial  and  the  subscapular,  the  latter  vessel,  by  its  free  anastomosis  with  the  trans¬ 
verse  scapular  and  transverse  cervical  branches  of  the  subclavian,  will  become  the  chief  agent 
in  carrying  on  the  circulation;  the  lateral  thoracic,  if  it  be  below  the  ligature,  will  materially  contrib¬ 
ute  by  its  anastomoses  with  the  intercost  al  and  internal  mammary  arteries.  If  the  point  included 
in  the  ligature  is  below  the  origin  of  the  subscapular  artery,  it  will  most  probably  also  be  below 
the  origins  of  the  two  humeral  circumflex  arteries.  The  chief  agents  in  restoring  the  circulation 
will  then  be  the  subscapular  and  the  two  humeral  circumflex  arteries  anastomosing  with  the 
a.  profunda  brachii. 


Anterior 

hitwicml 

ctnumjk* 


Ftiii  642.  ■ — Thtf  axillary  artery  ftbd  its  hrauctiew. 


Branches. — The  branches  of  the  axillary  are; 

From  first  part.  Highest  Thoracic.  From  second  part  {^tendT^aric! 

[Subscapular. 

From  third  part  Posterior  Humeral  Circumflex. 

(Anterior  Humeral  Circumflex. 

1.  The  highest  thoracic  artery  (a.  thoracal  is  mprema;  superior  thoracic  artery) 
is  a  small  vessel,  which  may  arise  from  the  thoracoacromial.  Running  forward 
and  medialward  along  the  upper  border  of  the  Pectoral  is  minor,  it  passes  between 
it  and  the  Peetoralis  major  to  the  side  of  the  chest.  It  supplies  branches  to  these 
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muscles,  and  .to  the  parfkfe  of  the  thorax,  and  ftuioi- 

jnary  und  interifutHi  arteries.  * 

2.  The  thoracoaerorttia.1  artery  (a.  ihomrtiawmtilht,  i»cr«./.io,r/#*tr«.-i.-  artery;  tk- 
racic-  axis)  is  a  short  trunk,  which  crikc.i?  from  the  forepart  <>i  the  axillary  artery, 
its  origin  being  generally  overlapped  by  the  upper  edge  of  the  Pectoral).*  minw 
Projecting  forward to  the  upper  border  of  this  inttstlv.  it  piereea  the  CoracMWhn  ierfer 
fascia’ and  divides  into  four  branches  - pectoral.  acromial,  clavicular,  and  deltoid. 
The  pectoral  branch  descends  between  the  two  Pectorfties.  and  is  di?W$thted.  to 
them  and-to  the-  msnbitnft,  &n&$tomokjng  mth  the  interrhstol  branches  of  the  internal 
mammary  and  with  the  .kteml^-fcte^aeifc-  'The  acromial  branch  naia  lateralwattl 
over  the  coracoid  process  and  under  the*  Deltowleus,  to  which;  it  gives  tranche-; 
it  then  pierces  that  nmselei  and  ends  on  the  acromion  in  an  arterial  network  formed 
bv  branches,  from  the  transverse  scapular,  thoracoacromial,  and  posterior  humeral 
circumflex  arteries.  The  devicultur  branch  rtms  upward  and  -mediaiward  to  the 
sternoclavicular  joint,  supplying  this  articulation,  and  theSuMftvius.  The  deltoid 
(hunirmt)  braach,  often  arising  with  the. acromial,  crosses  over  the  PeCfpralis  minor 
and  passes  in  the  same  groove  as  the  cephalic  vein,  Ixstweeft  the  Pectoral, is  major 
and  EJcItoidcUs,  and  gives  branches  to  both  muscles..  ^ 

It.  The  lateral  thoracic  artery  (a.  (koramlis  lutcmlk;  har;  ihnrarte  artery;  erhrrvd 
mamtnnry  artery)  follows  the  lower  border  of  dm I^etomlis  minor  to  the ■•side -of. 
thechestvsdpplyff.ig  the  Serratus  anterior  and  the  PeiJtoralis,  and  Sending  branches 
across  the  axilla  to  the  axillary  glands  and  Subseapubiris;  it  anastomoses  with  (he 


internal  mammary,  .mbmapuiar,  and  intercostal  arteries,,  and  with  the  pectoral 
branch  of  the  thoracoacromial.  In  the.  female  it.  supplies  on  exterijal (mainmaiy 
branch  free  edge  of  the  Feeteralis  iaaj%  isnd  supplies  die 

mamma. 

4;  The  sabscapulat  artery  in.  subsoapularte)  the  largest  branch  of  the  axillary 
artery,  rtfh&t  at  the :  lower  border  of  the  Subst-apularis;  =which  it  fellow's  to  thrift- 

ferior  angle  of  the  scapula ,  w  here 
it  &nhstowo*e$  *$$*•.  the  lateral 
thoracic  and  intercostal  attendi 
and  With  the  dek'sehding  branch 
of  the  traniyhr^e  verv'i<%h  and 
eridV  in  the  neighboring  rntudes. 
Abput  4  era.  from  its  origin  d 
gives  off  a  branch,  the  Bcapolu 
circumflex  artery. 

The  Scapular  Circumflex  Artery 
(«.  circuwfyxrj  ampnlff1;  deftfl/w 
maimiteartiry )  is  generally  larger 
the  n  the  eontmtiat  ionof  the  sul»- 
seaptilgr.  It  cur  ves  a  round  the 
axillary  border  of  the  scapula, 
timing  the  spaW  between 
the  Substapularts  a  ho ve-.  the 
Terek  niajor  Irelow  ,  and  the  Ihng 

hekd  of  the  Triceps  laterally 
ft%:;  5%! ;  it  enters  the  infra- 
spinatous  fossa  "under  covet- of 
and  anaste*- 


-'Z'jk&Sl 

■'  '  j' ..  ‘  r<>. 


‘h 


Bilftoi 

moses  with  the  transverse  scap¬ 
ular  Artery  iiix]  the  deseeJodi?)g  branch  of  th«;:  transverse  cervical.  In  its  course 
it  -gi  vest  o$E  twa  bro^chei^  'm)^.  ( inf  ra jcftpuiar)  enters  the  subseapular  fossa  beneath 
the  Subsen pukiris,  which  it  supplies,  anastomosing  with  the  transverse  ^D|>uh>? 
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artery  and  the  descending  branch  of  the  transverse  cervical;  the  other  is  continued 
along  the  axillary  border  of  the  scapula,  between  the  Teres  majolr  and  minor, 
and  at  the  dorsal  surface*  of  the  inferior  angle  anastomoses  with  the  descending 
branch  of  the  transverse  cervical.  In  addition  to  these,  small  branches  are  dis¬ 
tributed  to  the  back  part  of  the  Deltoideus  and  the  long  head  of  the  Triceps 
brachii,  anastomosing  with  an  ascending  branch  of  the  a.  profunda  brachii. 

5.  The  posterior  humeral  circumflex  artery  (a.  drcumilexa  humeri  posterior;  pos¬ 
terior  circumflex  artery )  (Fig.  543)  arises  from  the  axillary  artery  at  the  lower  border 
of  the  Subscapularis,  and  runs  backward  with  the  axillary  nerve  through  the  quad¬ 
rangular  space  bounded  by  the  Subscapularis  and  Teres  minor  above,  the  Teres 
major  below,  the  long  head  of  the  Triceps  brachii  medially,  and  the  surgical  neck 
of  the  humerus  laterally.  It  winds  around  the  neck  of  the  humerus  and  is  dis¬ 
tributed  to  the  Deltoideus  and.  shoulder-joint,  anastomosing  with  the  anterior 
humeral  circumflex  and  profunda  brachii. 

6.  The  anterior  humeral  circumflex  artery  (a.  circumflexa  humeri  anterior;  anterior 
circumflex  artery)  (Fig.  543),  considerably  smaller  than  the  posterior,  arises  nearly 
opposite  it,  from  the  lateral  side  of  the  axillary  artery.  It  runs  horizontally,  beneath 
the  Coracobrachialis  and  short  head  of  the  Biceps  brachii,  in  front  of  the  neck  of 
the  humerus.  On  reaching  the  intertubercular  sulcus,  it  gives  off  a  branch  which 
ascends  in  the  sulcus  to  supply  the  head  of  the  humerus  and  the  shoulder-joint. 
The  trunk  of  the  vessel  is  then  continued  onward  beneath  the  long  head  of  the 
Biceps  brachii  and  the  Deltoideus,  and  anastomoses  with  the  posterior  humeral 
circumflex  artery. 

Peculiarities. — The  branches  of  the  axillary  artery  vary  considerably  in  different  subjects. 
Occasionally  the  subscapular,  humeral  circumflex,  and  profunda  arteries  arise  from  a  common 
trunk,  and  when  this  occurs  the  branches  of  the  brachial  plexus  surround  this  trunk  instead  of 
the  main  vessel.  Sometimes  the  axillary  artery  divides  into  the  radial  and  ulnar  arteries,  and 
occasionally  it  gives  origin  to  the  volar  interosseous  artery  of  the  forearm. 

The  Brachial  Artery  (A.  Brachialis)  (Fig.  544). 

The  brachial  artery  commences  at  the  lower  margin  of  the  tendon  of  the  Teres 
major,  and,  passing  down  the  arm,  ends  about  1  cm.  below  the  bend  of  the  elbow, 
where  it  divides  into  the  radial  and  ulnar  arteries.  At  first  the  brachial  artery  lies 
medial  to  the  humerus;  but  as  it  runs  down  the  arm  it  gradually  gets  in  front  of 
the  bone,  and  at  the  bend  of  the  elbow  it  lies  midway  between  its  two  epicondyles. 

Relations. — The  artery  is  superficial  throughout  its  entire  extent,  being  covered,  in  front , 
by  the  integument  and  the  superficial  and  deep  fasciae;  the  lacertus  fibrosus  ( bicipital  fascia) 
lies  in  front  of  it  opposite  the  elbow  and  separates  it  from  the  vena  mediana  cubiti;  the  median 
nerve  crosses  from  its  lateral  to  its  medial  side  opposite  the  insertion  of  the  Coracobrachialis. 
Behind,  it  is  separated  from  the  long  head  of  the  Triceps  brachii  by  the  radial  nerve  and  a.  pro¬ 
funda  brachii.  It  then  lies  upon  the  medial  head  of  the  Triceps  brachii,  next  upon  the  insertion 
of  the  Coracobrachialis,  and  lastly  on  the  Brachialis.  Laterally ,  it  is  in  relation  above  with  the 
median  nerve  and  the  Coracobrachialis,  below  with  the  Biceps  brachii,  the  two  muscles  over¬ 
lapping  the  artery  to  a  considerable  extent.  Medially ,  its  upper  half  is  in  relation  with  the  medial 
antibrachial  cutaneous  and  ulnar  nerves,  its  lower  half  with  the  median  nerve.  The  basilic  vein 
lies  on  its  medial  side,  but  is  sepjirated  from  it  in  the  lower  part  of  the  arm  by  the  deep  fascia. 
The  artery  is  accompanied  by  two  venae  comitantes,  which  lie  in  close  contact  with  it,  and  are 
connected  together  at  intervals  by  short  transverse  branches. 

The  Antecubit&l  Fossa. — At  the  bend  of  the  elbow  the  brachial  artery  sinks 
deeply  into  a  triangular  interval,  the  antecubital  fossa.  The  base  of  the  triangle 
is  directed  upward,  and  is  represented  by  a  line  connecting  the  two  epicondyles 
of  the  humerus;  the  sides  are  formed  by  the  medial  edge  of  the  Brachioradialis 
and  the  lateral  margin  of  the  Pronator  teres;  the  floor  is  formed  by  the  Brachialis 
and  Supinator.  This  space  contains  the  brachial  artery,  with  its  accompanying 
veins;  the  radial  and  ulnar  arteries;  the  median  and  radial  nerves;  and  the  tendon 
of  the  Biceps  brachii.  The  brachial  artery  occupies  the  middle  of  the  space,  and 
38 
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1.  The  axteria  profunda  brachii  {superior  profunda  artery)  is  a  large  vessel  which 
arises  from  the  medial  and  back  part  of  the  brachial,  just  below  the  lower  border 
of  the  Teres  major.  It  follows  closely  the  radial  nerve,  running  at  first  backward 
between  the  medial  and  lateral  heads  of  the  Triceps  brachii,  then  along  the  groove 
for  the  radial  nerve,  where  it  is  covered  by  the  lateral  head  of  the  Triceps  brachii, 
to  the  lateral  side  of  the  arm;  there  it  pierces  the  lateral  intermuscular  septum, 
and,  descending  between  the  Brachioradialis  and  the  Brachialis  to  the  front  of 
the  lateral  epicondyle  of  the  humerus,  ends  by  anastomosing  with  the  radial  recur¬ 
rent  artery.  It  gives  branches  to  the  Deltoideus  and  to  the  muscles  between  which 
it  lies;  it  supplies  an  occasional  nutrient  artery  which  enters  the  humerus  behind  the 
deltoid  tuberosity.  A  branch  ascends  between  the  long  and  lateral  heads  of  the 
Triceps  brachii  to  anastomose  with  the  posterior  humeral  circumflex  artery;  a 
middle  collateral  branch  descends  in  the  middle  head  of  the  Triceps  brachii  and 
assists  in  forming  the  anastomosis  above  the  olecranon ;  and,  lastly,  a  radial  collateral 
branch  runs  down  behind  the  lateral  intermuscular  septum  to  the  back  of  the  lateral 
epicondyle  of  the  humerus,  where  it  anastomoses  with  the  interosseous  recurrent 
and  the  inferior  ulnar  collateral  arteries. 

2.  The  nutrient  artery  (a.  nutricia  humeri)  of  the  body  of  the  humerus  arises 
about  the  middle  of  the  arm  and  enters  the  nutrient  canal  near  the  insertion  of  the 
Coracobrachialis. 


Anterior  branch  of  profunda 


Radial  collateral  branch 
of  profunda 


Radial  recurrent 


Interosseous  recurrent 
Radial 


A.  profunda  brachii 

Sup.  ulnar  collateral 
Brachial 

Inf.  ulnar  collateral 


Anterior  ulnar  recurrent 


Posterior  ulnar  recurrent 


Interosseous 
Dorsal  interosseous 

Ulnar 

Volar  interosseous 


Fig.  545. — Diagram  of  the  anaatomoeis  around  the  elbow- joint. 


3.  The  superior  ulnar  collateral  artery  (a.  collateralis  ulnans  superior;  inferior 
profunda  artery ),  of  small  size,  arises  from  the  brachial  a  little  below  the  middle 
of  the  arm;  it  frequently  springs  from  the  upper  part  of  the  a.  profunda  brachii. 
It  pierces  the  medial  intermuscular  septum,  and  descends  on  the  surface  of  the  medial 
bead  of  the  Triceps  brachii  to  the  space  between  the  medial  epicondyle  and 
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olecranon,  accompanied  by  the  ulnar  nerve,  and  ends  under  the  Flexor  carpi  ulnaris 
by  anastomosing  with  the  posterior  ulnar  recurrent,  and  inferior  ulnar  collateral. 
It  sometimes  sends  a  branch  in  front  of  the  medial  epicondyle,  to  anastomose 
with  the  anterior  ulnar  recurrent. 

4.  The  inferior  ulnar  collateral  artery  (a.  collaterals  ulnaris  inferior ;  anastomotica 
magna  artery)  arises  about  5  cm.  above  the  elbow.  It  passes  medialward  upon  the 
Brachialis,  and  piercing  the  medial  intermuscular  septum,  winds  around  the  back  of 
the  humerus  between  the  Triceps  brachii  and  the  bone,  forming,  by  its  junction  with 
the  profunda  brachii,  an  arch  above  the  olecranon  fossa.  As  the  vessel  lies  on  the 
Brachialis,  it  gives  off  branches  which  ascend  to  join  the  superior  ulnar  collateral: 
others  descend  in  front  of  the  medial  epicondyle,  to  anastomose  with  the  anterior 
ulnar  recurrent.  Behind  the  medial  epicondyle  a  branch  anastomoses  with  the 
superior  ulnar  collateral  and  posterior  ulnar  recurrent  arteries. 

5.  The  muscular  branches  {rami  musculares)  three  or  four  in  number,  are  dis¬ 
tributed  to  the  Coracobrachialis,  Biceps  brachii,  and  Brachialis. 

The  Anastomosis  Around  the  Elbow-joint  (Fig.  545). — The  vessels  engaged  in 
this  anastomosis  may  be  conveniently  divided  into  those  situated  in  front  of  and 
those  behind  the  medial  and  lateral  epicondyles  of  the  humerus.  The  branches 
anastomosing  in  front  of  the  medial  epicondyle  are:  the  anterior  branch  of  the 
inferior  ulnar  collateral,  the  anterior  ulnar  recurrent,  and  the  anterior  branch  of 
the  superior  ulnar  collateral.  Those  behind  the  medial  epicondyle  are:  the  inferior 
ulnar  collateral,  the  posterior  ulnar  recurrent,  and  the  posterior  branch  of  the  supe¬ 
rior  ulnar  collateral.  The  branches  anastomosing  in  front  of  the  lateral  epicondyle 
are:  the  radial  recurrent  and  the  terminal  part  of  the  profunda  brachii.  Those 
behind  the  lateral  epicondyle  (perhaps  more  properly  described  as  being  situated 
between  the  lateral  epicondyle  and  the  olecranon)  are:  the  inferior  ulnar  collateral, 
the  interosseous  recurrent,  and  the  radial  collateral  branch  of  the  profunda  brachii. 
There  is  also  an  arch  of  anastomosis  above  the  olecranon,  formed  by  the  interosseous 
recurrent  joining  with  the  inferior  ulnar  collateral  and  posterior  ulnar  recurrent 
(Fig.  548). 

The  Radial  Artery  (A.  Radialis)  (Fig.  547). 

The  radial  artery  appears,  from  its  direction,  to  be  the  continuation  of  the  brachial, 
but  it  is  smaller  in  caliber  than  the  ulnar.  It  commences  at  the  bifurcation  of  the 
brachial,  just  below  the  bend  of  the  elbow,  and  passes  along  the  radial  side  of  the 
forearm  to  the  wrist.  It  then  winds  backward,  around  the  lateral  side  of  the  carpus, 
beneath  the  tendons  of  the  Abductor  pollicis  longus  and  Extensores  pollicis  longus 
and  brevis  to  the  upper  end  of  the  space  between  the  metacarpal  bones  of  the  thumb 
and  index  finger.  Finally  it  passes  forward  between  the  two  heads  of  the  first 
Interosseous  dorsalis,  into  the  palm  of  the  hand,  where  it  crosses  the  metacarpal 
bones  and  at  the  ulnar  side  of  the  hand  unites  with  the  deep  volar  branch  of  the 
ulnar  artery  to  form  the  deep  volar  arch.  The  radial  artery  therefore  consists 
of  three  portions,  one  in  the  forearm,  a  second  at  the  back  of  the  wrist,  and  a  third 
in  the  hand. 

Relations. — (a)  In  the  forearm  the  artery  extends  from  the  neck  of  the  radius  to  the  forepart 
of  the  styloid  process,  being  placed  to  the  medial  side  of  the  body  of  the  bone  above,  and  in  front 
of  it  below.  Its  upper  part  is  overlapped  by  the  fleshy  belly  of  the  Brachioradialis;  the  rest  of 
the  artery  is  superficial,  being  covered  by  the  integument  and  the  superficial  and  deep  fascue. 
In  its  course  downward,  it  hes  upon  the  tendon  of  the  Biceps  brachii,  the  Supinator,  the  Pronator 
teres,  the  radial  origin  of  the  Flexor  digitorum  sublimis,  the  Flexor  pollicis  longus,  the  Pronator 
quadratus,  and  the  lower  end  of  the  radius.  In  the  upper  third  of  its  course  it  lies  between  the 
Brachioradialis  and  the  Pronator  teres;  in  the  lower  two-thirds,  between  the  tendons  of  the 
Brachioradialis  and  Flexor  carpi  radialis.  The  superficial  branch  of  the  radial  nerve  is  close  to 
the  lateral  side  of  the  artery  in  the  middle  third  of  its  course;  and  some  filaments  of  the  lateral 
antibrachial  cutaneous  nerve  run  along  the  lower  part  of  the  artery  as  it  winds  around  the  wrist. 
The  vessel  is  accompanied  by  a  pair  of  vena?  comitantes  throughout  its  whole  course. 
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ib\  At  the  uriM  the  artery  reaches  the  back  of  the  carpus  by  passing  between  the  radial  collateral 
ligament  of  the  wrist  and  the  tendons  of  the  Abductor  pollicis  iongus  and  Extensor  pollicis  brevis. 
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►I'ln^r  and  filial  *rterie».  Deep  view 

It  then  descends  on  the  navicular  and  greater  multangular  bones,  and  before  disappearing  be¬ 
tween  the  heads  of  the  first  interosseus  dorsalis  is  crossed  by  the  tendon  of  the  Extensor  pollicis 
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longus.  In  the  interval  between  the  two  Extensores  pollicis  it  is  crossed  by  the  digital  rami  of 
the  superficial  branch  of  the  radial  nerve  which  go  to  the  thumb  and  index  finger. 

(c)  In  the  hand ,  it  passes  from  the  upper  end  of  the  first  interosseous  space,  between  the  heads 
of  the  first  Interosseus  dorsalis,  transversely  across  the  palm  between  the  Adductor  pollicis 
obliquus  and  Adductor  pollicis  transversus,  but  sometimes  piercing  the  latter  muscle,  to  the 
base  of  the  metacarpal  bone  of  the  little  finger,  where  it  anastomoses  with  the  deep  volar  branch 
from  the  ulnar  artery,  completing  the  deep  volar  arch  (Fig.  547). 

Peculiarities. — The  origin  of  the  radial  artery  is,  in  nearly  one  case  in  eight,  higher  than  usual; 
more  often  it  arises  from  the  axillary  or  upper  part  of  the  brachial  than  from  the  lower  part  of 
the  latter  vessel.  In  the  forearm  it  deviates  less  frequently  from  its  normal  position  than  the 
ulnar.  It  has  been  found  lying  on  the  deep  fascia  instead  of  beneath  it.  It  has  also  been  observed 
on  the  surface  of  the  Brachioradialis,  instead  of  under  its  medial  border;  and  in  turning  around 
the  wrist,  it  has  been  seen  lying  on,  instead  of  beneath,  the  Extensor  tendons  of  the  thumb. 

Branches. — The  branches  of  the  radial  artery  may  be  divided  into  three  groups, 
corresponding  with  the  three  regions  in  which  the  vessel  is  situated. 


In  the  Forearm .  At  the  Wrist . 

Radial  Recurrent.  Dorsal  Carpal. 

Muscular.  First  Dorsal  Metacarpal. 

Volar  Carpal. 

Superficial  Volar. 


In  the  Hand . 
Princeps  Pollicis. 

Volaris  Indicis  Radialis. 
Volar  Metacarpal. 
Perforating. 

Recurrent. 


The  radial  recurrent  artery  (a.  recurrens  radialis)  arises  immediately  below  the 
elbow.  It  ascends  between  the  branches  of  the  radial  nerve,  lying  on  the  Supinator 
and  then  between  the  Brachioradialis  and  Brachialis,  supplying  these  muscles 
and  the  elbow-joint,  and  anastomosing  with  the  terminal  part  of  the  profunda 
brachii. 

The  muscular  branches  (rami  musculares)  are  distributed  to  the  muscles  on  the 
radial  side  of  the  forearm. 

The  volar  carpal  branch  (ramus  carpeus  volaris;  anterior  radial  carpal  artery) 
is  a  small  vessel  which  arises  near  the  lower  border  of  the  Pronator  quadratus, 
and,  running  across  the  front  of  the  carpus,  anastomoses  with  the  volar  carpal 
branch  of  the  ulnar  artery.  This  anastomosis  is  joined  by  a  branch  from  the  volar 
interosseous  above,  and  by  recurrent  branches  from  the  deep  volar  arch  below, 
thus  forming  a  volar  carpal  net-work  which  supplies  the  articulations  of  the  wrist 
and  carpus. 

The  superficial  volar  branch  (ramus  volaris  super fidalis;  superficialis  voice  artery) 
arises  from  the  radial  artery,  just  where  this  vessel  is  about  to  wind  around  the 
lateral  side  of  the  wrist.  Running  forward,  it  passes  through,  occasionally  over, 
the  muscles  of  the  ball  of  the  thumb,  which  it  supplies,  and  sometimes  anastomoses 
with  the  terminal  portion  of  the  ulnar  artery,  completing  the  superficial  volar  arch. 
This  vessel  varies  considerably  in  size:  usually  it  is  very  small,  and  ends  in  the 
muscles  of  the  thumb;  sometimes  it  is  as  large  as  the  continuation  of  the  radial 

The  dorsal  carpal  branch  (ramus  carpeus  dorsalis;  posterior  radial  carpal  artery) 
is  a  small  vessel  which  arises  beneath  the  Extensor  tendons  of  the  thumb;  crossing 
the  carpus  transversely  toward  the  medial  border  of  the  hand,  it  anastomoses  with 
the  dorsal  carpal  branch  of  the  ulnar  and  with  the  volar  and  dorsal  interosseous 
arteries  to  form  a  dorsal  carpal  network.  From  this  network  are  given  off  three 
slender  dorsal  metacarpal  arteries,  which  rim  downward  on  the  second,  third,  and 
fourth  Interossei  dorsales  and  bifurcate  into  the  dorsal  digital  branches  for  the 
supply  of  the  adjacent  sides  of  the  middle,  ring,  and  little  fingers  respectively, 
communicating  with  the  proper  volar  digital  branches  of  the  superficial  volar 
arch.  Near  their  origins  they  anastomose  with  the  deep  volar  arch  by  the  superior 
perforating  arteries,  and  near  their  points  of  bifurcation  with  the  common  volar 
digital  vessels  of  the  superficial  volar  arch  by  the  inferior  perforating  arteries. 
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The  first  dorsal  metacarpal  arises  just  before  the  radial  artery  passes  between 
the  two  heads  of  the  first  Interosseous  dorsalis  and  divides  almost  immediately 
into  two  branches  which  supply  the  adjacent  sides  of  the  thumb  and  index  finger; 
the  radial  side  of  the  thumb  receives  a  branch  directly  from  the  radial  artery. 

The  arteria  princeps  pollicis  arises  from  the  radial  just  as  it  turns  medialward 
to  the  deep  part  of  the  hand;  it  descends  between  the  first  Interosseous  dorsalis  and 
Adductor  pollicis  obliquus,  along  the  ulnar  side  of  the  metacarpal  bone  of  the 
thumb  to  the  base  of  the  first  phalanx,  where  it  lies  beneath  the  tendon  of  the 
Flexor  pollicis  longus  and  divides  into  two  branches.  These  make  their  appear¬ 
ance  between  the  medial  and  lateral  insertions  of  the  Adductor  pollicis  obliquus, 
and  run  along  the  sides  of  the  thumb,  forming  on  the  volar  surface  of  the  last 
phalanx  an  arch,  from  which  branches  are  distributed  to  the  integument  and 
subcutaneous  tissue  of  the  thumb. 

The  arteria  volaris  indicia  radialis  (radialis  indicis  artery)  arises  close  to  the  pre¬ 
ceding,  descends  between  the  first  Interosseus  dorsalis  and  Adductor  pollicis  trans- 
versus,  and  runs  along  the  radial  side  of  the  index  finger  to  its  extremity,  where  it 
anastomoses  with  the  proper  digital  artery,  supplying  the  ulnar  side  of  the  finger.  At 
the  lower  border  of  the  Adductor  pollicis  transversus  this  vessel  anastomoses  with 
the  princeps  pollicis,  and  gives  a  communicating  branch  to  the  superficial  volar  arch. 
The  a.  princeps  pollicis  and  a.  volaris  indicis  radialis  may  spring  from  a  common 
trunk  termed  the  first  volar  metacarpal  artery. 

The  deep  volar  arch  ( arcus  volaris  profundus;  deep  palmar  arch)  (Fig.  547)  is 
formed  by  the  anastomosis  of  the  terminal  part  of  the  radial  artery  with  the  deep 
volar  branch  of  the  ulnar.  It  lies  upon  the  carpal  extremities  of  the  metacarpal 
bones  and  on  the  Interossei,  being  covered  by  the  Adductor  pollicis  obliquus,  the 
Flexor  tendons  of  the  fingers,  and  the  Lumbricales.  Alongside  of  it,  but  running 
in  the  opposite  direction— that  is  to  say,  toward  the  radial  side  of  the  hand — is 
the  deep  branch  of  the  ulnar  nerve. 

The  volar  metacarpal  arteries  (aa.  metacarpece  volar es;  palmar  interosseous 
arteries),  three  or  four  in  number,  arise  from  the  convexity  of  the  deep  volar  arch; 
they  run  distally  upon  the  Interossei,  and  anastomose  at  the  clefts  of  the  fingers 
with  the  common  digital  branches  of  the  superficial  volar  arch. 

The  perforating  branches  ( rami  perf or  antes),  three  in  number,  pass  backward 
from  the  deep  volar  arch,  through  the  second,  third,  and  fourth  interosseous  spaces 
and  between  the  heads  of  the  corresponding  Interossei  dorsalis,  to  anastomose 
with  the  dorsal  metacarpal  arteries. 

The  recurrent  branches  arise  from  the  concavity  of  the  deep  volar  arch.  They 
ascend  in  front  of  the  wrist,  supply  the  intercarpal  articulations,  and  end  in  the 
volar  carpal  network. 

The  Ulnar  Artery  (A.  Ulnaris)  (Fig.  547). 

The  ulnar  artery,  the  larger  of  the  two  terminal  branches  of  the  brachial,  begins 
a  little  below  the  bend  of  the  elbow,  and,  passing  obliquely  downward,  reaches 
the  ulnar  side  of  the  forearm  at  a  point  about  midway  between  the  elbow  and  the 
wrist.  It  then  runs  along  the  ulnar  border  to  the  wrist,  crosses  the  transverse 
carpal  ligament  on  the  radial  side  of  the  pisiform  bone,  and  immediately  beyond 
this  bone  divides  into  two  branches,  which  enter  into  the  formation  of  the  superficial 
and  deep  volar  arches. 

Relations. — (a)  In  the  forearm. — In  its  upper  half ,  it  is  deeply  seated,  being  covered  by  the 
Pronator  teres,  Flexor  carpi  radialis,  Palmaris  longus,  and  Flexor  digitorum  sublimis;  it  lies 
upon  the  Brachialis  and  Flexor  digitorum  profundus.  The  median  nerve  is  in  relation  with  the 
medial  side  of  the  artery  for  about  2.5  cm.  and  then  crosses  the  vessel,  being  separated  from  it 
by  the  ulnar  head  of  the  Pronator  teres.  In  the  lower  half  of  the  forearm  it  lies  upon  the  Flexor 
digitorum  profundus,  being  covered  by  the  integument  and  the  superficial  and  deep  fasciae, 
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and  placed  between  the  Flexor  carpi  ulnaris  and  Flexor  digitorum  sublimis.  It  is  accompanied 
by  two  vena;  comitantes,  and  is  overlapped  in  its  middle  third  by  the  Flexor  carpi  ulnaris;  the 
ulnar  nerve  lies  on  the  medial  side  of  the  lower  two-thirds  of  the  artery,  and  the  palmar  cutaneous 
branch  of  the  nerve  descends  on  the  lower  part  of  the  vessel  to  the  palm  of  the  hand. 

(6)  At  the  wrist  (Fig.  546)  the  ulnar  artery  is  covered  by  the  integument  and  the  volar  carpal 
ligament,  and  lies  upon  the  transverse  carpal  ligament.  On  its  medial  side  is  the  pisiform  bone, 
and,  somewhat  behind  the  artery,  the  ulnar  nerve. 

Peculiarities. — The  ulnar  artery  varies  in  its  origin  in  the  proportion  of  about  one  in  thirteen 
cases;  it  may  arise  about  5  to  7  cm.  below  the  elbow,  but  more  frequently  higher,  the  brachial 
being  more  often  the  source  of  origin  than  the  axillary.  Variations  in  the  position  of  this  vessel 
are  more  common  than  in  the  radial.  When  its  origin  is  normal,  the  course  of  the  vessel  is  rarely 
changed.  When  it  arises  high  up,  it  is  almost  invariably  superficial  to  the  Flexor  muscles  in  the 
forearm,  lying  commonly  beneath  the  fascia,  more  rarely  between  the  fascia  and  integument. 
In  a  few  cases,  its  position  was  subcutaneous  in  the  upper  part  of  the  forearm,  and  subaponeurotic 
in  the  lower  part. 


Branches. — The  branches  of  the  ulnar  artery  may  be  arranged  in  the  following 
groups: 

Anterior  Recurrent.  /  Volar  Carpal. 

Posterior  Recurrent.  \  Dorsal  Carpal. 

Common  Interosseous,  r  .»  ^  ,  f  Deep  Volar. 

Muscular.  /w  the  Hand  \  Superficial  Volar  Arch. 


In  the  Forearm 


The  anterior  ulnar  recurrent  artery  (a.  recurrentes  ulnaris  anterior)  arises  imme¬ 
diately  below  the  elbow-joint,  runs  upward  between  the  Brachialis  and  Pronator 
teres,  supplies  twigs  to  those  muscles,  and,  in  front  of  the  medial  epicondyle,  anasto¬ 
moses  with  the  superior  and  inferior  ulnar  collateral  arteries. 

The  posterior  ulnar  recurrent  artery  (a.  recurrentes  ulnaris  'posterior)  is  much 
larger,  and  arises  somewhat  lower  than  the  preceding.  It  passes  backward  and 
medialward  on  the  Flexor  digitorum  profundus,  behind  the  Flexor  digitorum  sub¬ 
limis,  and  ascends  behind  the  medial  epicondyle  of  the  humerus.  In  the  interval 
between  this  process  and  the  olecranon,  it  lies  beneath  the  Flexor  carpi  ulnaris, 
and  ascending  between  the  heads  of  that  muscle,  in  relation  with  the  ulnar  nerve, 
it  supplies  the  neighboring  muscles  and  the  elbow-joint,  and  anastomoses  with 
the  superior  and  inferior  ulnar  collateral  and  the  interosseous  recurrent  arteries 
(Fig.  548). 

The  common  interosseous  artery  (a.  interossea  communis)  (Fig.  547),  about  1  cm. 
in  length,  arises  immediately  below  the  tuberosity  of  the  radius,  and,  passing 
backward  to  the  upper  border  of  the  interosseous  membrane,  divides  into  two 
branches,  the  volar  and  dorsal  interosseous  arteries. 

The  Volar  Interosseous  Artery  (a.  interossea  volaris ;  anterior  interosseous  artery) 
(Fig.  547),  passes  down  the  forearm  on  the  volar  surface  of  the  interosseous  mem¬ 
brane.  It  is  accompanied  by  the  volar  interosseous  branch  of  the  median  nerve, 
and  overlapped  by  the  contiguous  margins  of  the  Flexor  digitorum  profundus  and 
Flexor  pollicis  longus,  giving  off  in  this  situation  muscular  branches,  and  the  nutrient 
arteries  of  the  radius  and  ulna.  At  the  upper  border  of  the  Pronator  quadratus  it 
pierces  the  interosseous  membrane  and  reaches  the  back  of  the  forearm,  where  it 
anastomoses  with  the  dorsal  interosseous  artery  (Fig.  548).  It  then  descends,  in 
company  with  the  terminal  portion  of  the  dorsal  interosseous  nerve,  to  the  back 
of  the  wrist  to  join  the  dorsal  carpal  net-work.  The  volar  interosseous  artery  gives 
off  a  slender  branch,  the  arteria  mediana,  which  accompanies  the  median  nerve,  and 
gives  offsets  to  its  substance;  this  artery  is  sometimes  much  enlarged,  and  runs 
with  the  nerve  into  the  palm  of  the  hand.  Before  it  pierces  the  interosseous 
membrane  the  volar  interosseous  sends  a  branch  downward  behind  the  Pronator 
quadratus  to  join  the  volar  carpal  network. 

The  Dorsal  Interosseous  Artery  (a.  interossea  dorsalis;  posterior  interosseous  artery) 
(Fig.  548)  passes  backward  between  the  oblique  cord  and  the  upper  border  of  the 
interosseous  membrane.  It  appears  between  the  contiguous  borders  of  the  Supinator 
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and  the  Abductor  pollieis  longus,  and  runs  down  the  back  of  the  forearm  between 
the  superficial  and  deep  layers  of  muscles,  to  both  of  which  it  distributes  branches. 
Where  it  lies  upon  the  Abductor  pollieis  longus  and  the  Extensor  pollieis  brevis, 


Flo.  548. — Arteries  of  the  back  of  the  forearm  and  hand. 


it  is  accompanied  by  the  dorsal  interosseous  nerve.  At  the  lower  part  of  the  fore¬ 
arm  it  anastomoses  with  the  termination  of  the  volar  interosseous  artery,  and  with 
the  dorsal  carpal  network.  It  gives  off,  near  its  origin,  the  interosseous  recurrent 
artery,  which  ascends  to  the  interval  between  the  lateral  epicondyle  and  olecranon, 
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on  or  through  the  fibers  of  the  Supinator,  but  beneath  the  Anconceus,  and  anasto¬ 
moses  with  the  radial  collateral  branch  of  the  profunda  brachii,  the  posterior 
ulnar  recurrent  and  the  inferior  ulnar  collateral. 

The  muscular  branches  ( rami  musculares)  are  distributed  to  the  muscles  along 
the  ulnar  side  of  the  forearm. 

The  volar  carpal  branch  {ramus  carpeus  volares;  anterior  ulnar  carpal  artery)  is  a 
small  vessel  which  crosses  the  front  of  the  carpus  beneath  the  tendons  of  the  Flexor 
digitorum  profundus,  and  anastomoses  with  the  corresponding  branch  of  the  radial 
artery. 

The  dorsal  carpal  branch  {ramus  carpeus  dorsalis;  posterior  ulnar  carpal  artery) 
arises  immediately  above  the  pisiform  bone,  and  winds  backward  beneath  the 
tendon  of  the  Flexor  carpi  ulnaris;  it  passes  across  the  dorsal  surface  of  the  carpus 
beneath  the  Extensor  tendons,  to  anastomose  with  a  corresponding  branch  of  the 
radial  artery.  Immediately  after  its  origin,  it  gives  off  a  small  branch,  which  runs 
along  the  ulnar  side  of  the  fifth  metacarpal  bone,  and  supplies  the  ulnar  side  of  the 
dorsal  surface  of  the  little  finger. 

The. deep  volar  branch  {ramus  volaris  profundus;  profunda  branch)  (Fig.  548) 
passes  between  the  Abductor  digiti  quinti  and  Flexor  digiti  quinti  brevis  and 
through  the  origin  of  the  Opponens  digiti  quinti;  it  anastomoses  with  the  radial 
artery,  and  completes  the  deep  volar  arch. 

The  superficial  volar  arch  {arcus  volaris  super fieialis;  superficial  palmar  arch ) 
(Fig.  546)  is  formed  by  the  ulnar  artery,  and  is  usually  completed  by  a  branch 
from  the  a.  volaris  indicis  radialis,  but  sometimes  by  the  superficial  volar  or  by 
a  branch  from  the  a.  princeps  pollicis  of  the  radial  artery.  The  arch  passes  across 
the  palm,  describing  a  curve,  with  its  convexity  downward. 

Relations. — The  superficial  volar  arch  is  covered  by  the  skin,  the  Palmaris  brevis,  and  the 
palmar  aponeurosis.  It  lies  upon  the  transverse  carpal  ligament,  the  Flexor  digiti  quinti  brevis 
and  Opponens  digiti  quinti,  the  tendons  of  the  Flexor  digitorum  sublimis,  the  Lumbricales,  and 
the  divisions  of  the  median  and  ulnar  nerves. 

Three  Common  Volar  Digital  Arteries  {aa.  digitales  volares  communes;  palmar  digital 
arteries)  (Fig.  546)  arise  from  the  convexity  of  the  arch  and  proceed  downward 
on  the  second,  third,  and  fourth  Lumbricales.  Each  receives  the  corresponding 
volar  metacarpal  artery  and  then  divides  into  a  pair  of  proper  volar  digital  arteries 
(aa.  digitales  volares  propria;  collateral  digital  arteries)  which  run  along  the  con¬ 
tiguous  sides  of  the  index,  middle,  ring,  and  little  fingers,  behind  the  corresponding 
digital  nerves;  they  anastomose  freely  in  the  subcutaneous  tissue  of  the  finger  tips 
and  by  smaller  branches  near  the  interphalangeal  joints.  Each  gives  off  a  couple 
of  dorsal  branches  which  anastomose  with  the  dorsal  digital  arteries,  and  supply 
the  soft  parts  on  the  back  of  the  second  and  third  phalanges,  including  the  matrix 
of  the  finger-nail.  The  proper  volar  digital  artery  for  medial  side  of  the  little 
finger  springs  from  the  ulnar  artery  under  cover  of  the  Palmaris  brevis. 

THE  ARTERIES  OF  THE  TRUNK. 

THE  DESCENDING  AORTA. 

The  descending  aorta  is  divided  into  two  portions,  the  thoracic  and  abdominal, 
in  correspondence  with  the  two  great  cavities  of  the  trunk  in  which  it  is  situated. 

The  Thoracic  Aorta  (Aorta  Thoracalis)  (Fig.  549). 

The  thoracic  aorta  is  contained  in  the  posterior  mediastinal  cavity.  It  begins 
at  the  lower  border  of  the  fourth  thoracic  vertebra  where  it  is  continuous  with 
the  aortic  arch,  and  ends  in  front  of  the  lower  border  of  the  twelfth  at  the  aortic 
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hiatus  in  the  diaphragm.  At  its  commencement,  it  is  situated  on  the  left  of  the 
vertebral  column;  it  approaches  the  median  line  as  it  descends;  and,  at  its  termina¬ 
tion,  lies  directly  in  front  of  the  column.  The  vessel  describes  a  curve  which  is 
concave  forward,  and  as  the  branches  given  off  from  it  are  small,  its  diminution 
in  size  is  inconsiderable. 

intercut#  l  a  rlery 


irtferpfcifaf  vein 


J form V  cormTjpnknntes 
1.x?  t  ft  rio.-jum 


Ptrtcard lum 


-Tlio  thoracic  aorta,  viewed  from  the  left  aide. 


Relations. — It  is  in  relation,  anteriorly ,  from  above  downward,  with  the  root  of  the  left  lung, 
the  pericardium,  the  esophagus,  and  the  diaphragm;  posteriorly,  with  the  vertebral  column 
and  the  hemiazygos  veins;  on  the  right  side ,  with  the  azygos  vein  and  thoracic  duct;  on  the  left 
tide,  with  the  left  pleura  and  lung.  The  esophagus,  with  its  accompanying  plexus  of  nerves, 
lies  on  the  right  side  of  the  aorta  above ;  but.  at  the  lower  part  of  the  thorax  it  is  placed  in  front 
of  the  aorta,  and,  close  to  the  diaphragm,  is  situated  on  its  left  side. 

Peculiarities. — The  aorta  is  occasionally  found  to  be  obliterated  at  the  junction  of  the  arch 
with  the  thoracic  aorta,  just  below  the  ductus  arteriosus.  Whether  this  is  the  result  of  disease, 
or  of  congenital  malformation,  is  immaterial  to  our  present  purpose;  it  affords  an  interesting 

The  course  of  the  auastomos- 


opportunity  of  observing  the  resources  of  the  collateral  circulation. 
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ing  vessels,  by  which  the  blood  is  brought  from  the  upper  to  the  lower  part  of  the  artery,  will  be 
found  well  described  in  an  account  of  two  cases  in  the  Pathological  Transactions ,  vols.  viii  and  x. 
In  the  former,  Sydney  Jones  thus  sums  up  the  detailed  description  of  the  anastomosing  vessels: 
The  principal  communications  by  which  the  circulation  was  carried  on  were:  (1)  The  internal 
mammary,  anastomosing  with  the  intercostal  arteries,  with  the  inferior  phrenic  of  the  abdominal 
aorta  by  means  of  the  musculophrenic  and  pericardiacophrenic,  and  largely  with  the  inferior 
epigastric.  (2)  The  costocervical  trunk,  anastomosing  anteriorly  by  means  of  a  large  branch 
with  the  first  aortic  intercostal,  and  posteriorly  with  the  posterior  branch  of  the  same  artery. 
(3)  The  inferior  thyroid,  by  means  of  a  branch  about  the  size  of  an  ordinary  radial,  forming  a 
communication  with  the  first  aortic  intercostal.  (4)  The  transverse  cervical,  by  means  of  very 
large  communications  with  the  posterior  branches  of  the  intercostals.  (5)  The  branches  (of 
the  subclavian  and  axillary)  going  to  the  side  of  the  chest  were  large,  and  anastomosed  freely 
with  the  lateral  branches  of  the  intercostals.  In  the  second  case  Wood  describes  the  anastomoses 
in  a  somewhat  similar  manner,  adding  the  remark  that  “the  blood  which  was  brought  into  the 
aorta  through  the  anastomosis  of  the  intercostal  arteries  appeared  to  be  expended  principally 
in  supplying  the  abdomen  and  pelvis;  while  the  supply  to  the  lower  extremities  had  passed  through 
the  internal  mammary  and  epigastrics.” 

In  a  few  cases  an  apparently  double  descending  thoracic  aorta  has  been  found,  the  two  vessels 
lying  side  by  side,  and  eventually  fusing  to  form  a  single  tube  in  the  lower  part  of  the  thorax  or 
in  the  abdomen.  One  of  them  is  the  aorta,  the  other  represents  a  dissecting  aortic  aneurism 
which  has  become  canalized;  opening  above  and  below  into  the  true  aorta,  and  at  first  sight 
presenting  the  appearances  of  a  proper  bloodvessel. 

Branches  of  the  Thoracic  Aorta. — 


Visceral 


Pericardial. 

Bronchial. 

Esophageal. 

Mediastinal. 


Parietal 


Intercostal. 
Subcostal. 
Superior  Phrenic. 


The  pericardial  branches  {rami  pericardiaci)  consist  of  a  few  small  vessels  which 
are  distributed  to  the  posterior  surface  of  the  pericardium. 

The  bronchial  arteries  {aa.  bronchioles)  vary  in  number,  size,  and  origin.  There 
is  as  a  rule  only  one  right  bronchial  artery,  which  arises  from  the  first  aortic  inter¬ 
costal,  or  from  the  upper  left  bronchial  artery.  The  left  bronchial  arteries  are  usually 
two  in  number,  and  arise  from  the  thoracic  aorta.  The  upper  left  bronchial  arises 
opposite  the  fifth  thoracic  vertebra,  the  lower  just  below  the  level  of  the  left  bron¬ 
chus.  Each  vessel  runs  on  the  back  part  of  its  bronchus,  dividing  and  subdividing 
along  the  bronchial  tubes,  supplying  them,  the  areolar  tissue  of  the  lungs,  the 
bronchial  lymph  glands,  and  the  esophagus. 

The  esophageal  arteries  {aa.  cesophagece)  four  or  five  in  number,  arise  from 
the  front  of  the  aorta,  and  pass  obliquely  downward  to  the  esophagus,  forming 
a  chain  of  anastomoses  along  that  tube,  anastomosing  with  the  esophageal  branches 
of  the  inferior  thyroid  arteries  above,  and  with  ascending  branches  from  the  left 
inferior  phrenic  and  left  gastric  arteries  below. 

The  mediastinal  branches  {rami  mediastinales)  are  numerous  small  vessels  which 
supply  the  lymph  glands  and  loose  areolar  tissue  in  the  posterior  mediastinum. 

Intercostal  Arteries  {aa.  intercostales). — There  are  usually  nine  pairs  of  aortic 
intercostal  arteries.  They  arise  from  the  back  of  the  aorta,  and  are  distributed 
to  the  lower  nine  intercostal  spaces,  the  first  tw  o  spaces  being  supplied  by  the  highest 
intercostal  artery,  a  branch  of  the  costocervical  trunk  of  the  subclavian.  The 
right  aortic  intercostals  are  longer  than  the  left,  on  account  of  the  position  of  the 
aorta  on  the  left  side  of  the  vertebral  column;  they  pass  across  the  bodies  of  the 
vertebrae  behind  the  esophagus,  thoracic  duct,  and  vena  azygos,  and  are  covered 
by  the  right  lung  and  pleura.  The  left  aortic  intercostals  run  backward  on  the 
sides  of  the  vertebrae  and  are  covered  by  the  left  lung  and  pleura;  the  upper  two 
vessels  are  crossed  by  the  highest  left  intercostal  vein,  the  lower  vessels  by  the 
hemiazygos  veins.  The  further  course  of  the  intercostal  arteries  is  practically 
the  same  on  both  sides.  Opposite  the  heads  of  the  ribs  the  sympathetic  trunk 
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passes  downward  in  front  of  them,  and  the  splanchnic  nerves  also  descend  in  front 
by  the  lower  arteries.  Each  artery  then  divides  into  an  anterior  and  a  posterior 
ramus. 

The  Anterior  Ramos  crosses  the  corresponding  intercostal  space  obliquely  toward 
the  angle  of  the  upper  rib,  and  thence  is  continued  forward  in  the  costal  groove.  It 
is  placed  at  first  between  the  pleura  and  the  posterior  intercostal  membrane,  then 
it  pierces  this  membrane,  and  lies  between  it  and  the  Intercostalis  externus  as  far  as 
the  angle  of  the  rib;  from  this  onward  it  runs  between  the  Intercostales  externus 
and  intemus,  and  anastomoses  in  front  with  the  intercostal  branch  of  the  internal 
mammary  or  musculophrenic.  Each  artery  is  accompanied  by  a  vein  and  a  nerve, 
the  former  being  above  and  the  latter  below  the  artery,  except  in  the  upper  spaces, 
where  the  nerve  is  at  first  above  the  artery.  The  first  aortic  intercostal  artery 
anastomoses  with  the  intercostal  branch  of  the  costocervical  trunk,  and  may  form 
the  chief  supply  of  the  second  intercostal  space.  The  lower  two  intercostal  arteries 
are  continued  anteriorly  from  the  intercostal  spaces  into  the  abdominal  wall,  and 
anastomose  with  the  subcostal,  superior  epigastric,  and  lumbar  arteries. 

Branches. — The  anterior  rami  give  off  the  following  branches: 

Collateral  Intercostal.  *  Lateral  Cutaneous. 

Muscular.  Mammary. 

The  collateral  intercostal  branch  comes  off  from  the  intercostal  artery  near  the 
angle  of  the  rib,  and  descends  to  the  upper  border  of  the  rib  below,  along  which  it 
courses  to  anastomose  with  the  intercostal  branch  of  the  internal  mammary. 

Muscular  branches  are  given  to  the  Intercostales  and  Pectorales  and  to  the 
Serratus  anterior;  they  anastomose  with  the  highest  and  lateral  thoracic  branches 
of  the  axillary  artery. 

The  lateral  cutaneous  branches  accompany  the  lateral  cutaneous  branches  of  the 
thoracic  nerves. 

Mammary  branches  are  given  off  by  the  vessels  in  the  third,  fourth,  and  fifth 
spaces.  They  supply  the  mamma,  and  increase  considerably  in  size  during  the 
period  of  lactation. 

The  Posterior  Ramus  runs  backward  through  a  space  which  is  bounded  above 
and  below  by  the  necks  of  the  ribs,  medially  by  the  body  of  a  vertebra,  and  laterally 
by  an  anterior  costotransverse  ligament.  It  gives  off  a  spinal  branch  which  enters 
the  vertebral  canal  through  the  intervertebral  foramen  and  is  distributed  to  the 
medulla  spinalis  and  its  membranes  and  the  vertebrae.  It  then  courses  over 
the  transverse  process  with  the  posterior  division  of  the  thoracic  nerve,  supplies 
branches  to  the  muscles  of  the  back  and  cutaneous  branches  which  accompany 
the  corresponding  cutaneous  branches  of  the  posterior  division  of  the  nerve. 

The  subcostal  arteries,  so  named  because  they  lie  below  the  last  ribs,  constitute 
the  lowest  pair  of  branches  derived  from  the  thoracic  aorta,  and  are  in  series  with 
the  intercostal  arteries.  Each  passes  along  the  lower  border  of  the  twelfth  rib 
behind  the  kidney  and  in  front  of  the  Quadratus  lumborum  muscle,  and  is  accom¬ 
panied  by  the  twelfth  thoracic  nerve.  It  then  pierces  the  posterior  aponeurosis 
of  the  Trans  versus  abdominis,  and,  passing  forward  between  this  muscle  and  the 
Obliquus  internus,  anastomoses  with  the  superior  epigastric,  lower  intercostal,  and 
lumbar  arteries.  Each  subcostal  artery  gives  off  a  posterior  branch  which  has  a 
similar  distribution  to  the  posterior  ramus  of  an  intercostal  artery. 

The  superior  phrenic  branches  are  small  and  arise  from  the  lower  part  of  the 
thoracic  aorta;  they  are  distributed  to  the  posterior  part  of  the  upper  surface  of 
the  diaphragm,  and  anastomose  with  the  musculophrenic  and  pericardiacophrenic 
arteries. 

A  small  aberrant  artery  is  sometimes  found  arising  from  the  right  side  of  the  tho¬ 
racic  aorta  near  the  origin  of  the  right  bronchial.  It  passes  upward  and  to  the  right 
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behind  the  trachea  and  the  esophagus,  and  may  anastomose  with  the  highest 
right  intercostal  artery.  It  represents  the  remains  of  the  right  dorsal  aorta,  and  in  a 
small  proportion  of  cases  is  enlarged  to  form  the  first  part  of  the  right  subclavian 
artery. 

The  Abdominal  Aorta  (Aorta  Abdominalis)  (Fig.  550). 

The  abdominal  aorta  begins  at  the  aortic  hiatus  of  the  diaphragm,  in  front 
of  the  lower  border  of  the  body  of  the  last  thoracic  vertebra,  and,  descending  in 
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Fto.  ajJ  — -The  abdominal  aorta  and  its  branches. 


front  of  the  vertebral  column,  ends  on  the  body  of  the  fourth  lumbar  vertebra, 
commonly  a  little  to  the  left  of  the  middle  line,1  by  dividing  into  the  two  common 
iliac  arteries.  It  diminishes  rapidly  in  size,  in  consequence  of  the  many  large 
branches  which  it  gives  off.  As  it  lies  upon  the  bodies  of  the  vertebra*,  the  curve 
which  it  describes  is  convex  forward,  the  summit  of  the  convexity  corresponding 
to  the  third  lumbar  vertebra. 


1  Lord  Lister,  having  avraamtely’  examined  3(1  '.bodies'  in  order  to  ascertain  the  exact  point  of  tertmoauon  of  tius 
vessel,  found  it  \*  either  absolutely,  or  almost  absolutely,  mesial  iu  15,  Khile  in  13  it  deviated  mare  or  less  lu  live  left, 
3«d  in  2  was  slightly  to  the  right.”  System  of  Surgery,  edited  by  T.  Holmes,  2d  ed.,  5,  052 
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Relations. — The  abdominal  aorta  is  covered,  anteriorly ,  by  the  lesser  omentum  and  stomach, 
behind  which  are  the  branches  of  the  celiac  artery  and  the  celiac  plexus;  below  these,  by  the 
lienal  vein,  the  pancreas,  the  left  renal  vein,  the  inferior  part  of  the  duodenum,  the  mesentery, 
and  aortic  plexus.  Posteriorly ,  it  is  separated  from  the  lumbar  vertebrae  and  intervertebral 
fibrocartilages  by  the  anterior  longitudinal  ligament  and  left  lumbar  veins.  On  the  right  side 
it  is  in  relation  above  with  the  azygos  vein,  cistema  chyli,  thoracic  duct,  and  the  right  crus  of 
the  diaphragm — the  last  separating  it  from  the  upper  part  of  the  inferior  vena  cava,  and  from 
the  right  celiac  ganglion;  the  inferior  vena  cava  is  in  contact  with  the  aorta  below.  On  the 
left  side  are  the  left  crus  of  the  diaphragm,  the  left  celiac  ganglion,  the  ascending  part  of  the 
duodenum,  and  some  coils  of  the  small  intestine. 

Collateral  Circulation. — The  collateral  circulation  would  be  carried  on  by  the  anastomoses 
between  the  internal  mammary  and  the  inferior  epigastric;  by  the  free  communication  between 
the  superior  and  inferior  mesenteries,  if  the  ligature  were  placed  between  these  vessels;  or  by  the 
anastomosis  between  the  inferior  mesenteric  and  the  internal  pudendal,  when  (as  is  more  common) 
the  point  of  ligature  is  below  the  origin  of  the  inferior  mesenteric;  and  possibly  by  the  anastomoses 
of  the  lumbar  arteries  with  the  branches  of  the  hypogastric. 


Branches. — The  branches  of  the  abdominal  aorta  may  be  divided  into  three 
sets:  visceral,  parietal,  and  terminal. 


Visceral  Branches . 
Celiac. 

Superior  Mesenteric. 
Inferior  Mesenteric. 
Middle  Suprarenals. 
Renals. 

Internal  Spermatics. 
Ovarian  (in  the  female). 


Parietal  Branches . 
Inferior  Phrenics. 
Lumbars. 

Middle  Sacral. 


Terminal  Branches . 
Common  Iliacs. 


Of  the  visceral  branches,  the  celiac  artery  and  the  superior  and  inferior  mes¬ 
enteric  arteries  are  unpaired,  while  the  suprarenals,  renals,  internal  spermatics, 
and  ovarian  are  paired.  Of  the  parietal  branches  the  inferior  phrenics  and  lumbars 
are  paired;  the  middle  sacral  is  unpaired.  The  terminal  branches  are  paired. 

The  celiac  artery  (a.  coeliaca;  celiac  axis)  (Figs.  551,  552)  is  a  short  thick  trunk, 
about  1.25  cm.  in  length,  which  arises  from  the  front  of  the  aorta,  just  below 
the  aortic  hiatus  of  the  diaphragm,  and,  passing  nearly  horizontally  forward, 
divides  into  three  large  branches,  the  left  gastric,  the  hepatic,  and  the  splenic;  it 
occasionally  gives  off  one  of  the  inferior  phrenic  arteries. 

Relations. — The  celiac  artery  is  covered  by  the  lesser  omentum.  On  the  right  side  it  is  in 
relation  with  the  right  celiac  ganglion  and  the  caudate  process  of  the  liver;  on  the  left  side ,  with 
the  left  celiac  ganglion  and  the  cardiac  end  of  the  stomach.  Below ,  it  is  in  relation  to  the  upper 
border  of  the  pancreas,  and  the  lienal  vein. 

1.  The  Left  Gastric  Artery  (a.  gastrica  sinistra;  gastric  or  coronary  artery),  the 
smallest  of  the  three  branches  of  the  celiac  artery,  passes  upward  and  to  the  left, 
posterior  to  the  omental  bursa,  to  the  cardiac  orifice  of  the  stomach.  Here  it  dis¬ 
tributes  branches  to  the  esophagus,  which  anastomose  with  the  aortic  esophageal 
arteries;  others  supply  the  cardiac  part  of  the  stomach,  anastomosing  with  branches 
of  the  lienal  artery.  It  then  runs  from  left  to  right,  along  the  lesser  curvature  of  the 
stomach  to  the  pylorus,  between  the  layers  of  the  lesser  omentum;  it  gives  branches 
to  both  surfaces  of  the  stomach  and  anastomoses  with  the  right  gastric  artery. 

2.  The  Hepatic  Artery  (a.  hepatica)  in  the  adult  is  intermediate  in  size  between 
the  left  gastric  and  lienal;  in  the  fetus,  it  is  the  largest  of  the  three  branches  of 
the  celiac  artery.  It  is  first  directed  forward  and  to  the  right,  to  the  upper  margin 
of  the  superior  part  of  the  duodenum,  forming  the  lower  boundary  of  the  epiploic 
foramen  {foramen  of  Winslow).  It  then  crosses  the  portal  vein  anteriorly  and 
ascends  between  the  layers  of  the  lesser  omentum,  and  in  front  of  the  epiploic  fora¬ 
men,  to  the  porta  hepatis,  where  it  divides  into  two  branches,  right  and  left,  w  hich 
supply  the  corresponding  lobes  of  the  liver,  accompanying  the  ramifications  of  the 
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portal  vein  and  hepatic  ducts.  The  hepatic  artery,  in  its  course  along  the  right 
border  of  the  lesser  omentum,  is  in  relation  with  the  common  bile-duct  and  portal 
vein,  the  duct  lying  to  the  right  of  the  artery,  and  the  vein  behind. 

Its  branches  are: 

Right  Gastric. 

Gastroduodenal 
Cystic. 


Right  Gastroepiploic. 
Superior  Pancreaticoduodenal 


Cystic  artery 


-The  artery  and  tte  brunches;  the  liver  has  been  raised,  and  the  leaser  amentum  and  aotwixf 

layer  of  the  greeter  omentum  removed. 


The  right  gastric  artery  (a.  gastrica  dextra;  pyloric  artery)  arises  from  the  hepatic, 
above  the  pylorus,  descends  to  the  pyloric  end  of  the  stomach,  and  passes  from 
right  to  left  along  its  lesser  curvature,  supplying  it  with  branches,  and  anastomosing 
with  the  left  gastric  artery. 

The  gastroduodenal  artery  (a.  gasiroduodenalis)  (Fig.  552)  is  a  short  but  large 
branch,  which  descends,  near  the  pylorus,  between  the  superior  part  of  the  duo¬ 
denum  and  the  neck  of  the  pancreas,  and  divides  at  the  lower  border  of  the  duodenum 
into  two  branches,  the  right  gastroepiploic  and  the  superior  pancreaticoduodenal. 
Previous  to  its  division  it  gives  off  two  or  three  small  branches  to  the  pyloric  end 
of  the  stomach  and  to  the  pancreas. 

The  right  gastroepiploic  artery  (a.  gastraepiplaica  dextra)  runs  from  right  to  left 
along  the  greater  curvature  of  the  stomach,  .between  the  layers  of  the  greater 
omentum,  anastomosing  with  the  left  gastroepiploic  branch  of  the  lienal  artery. 
Except  at  the  pylorus,  where  it  is  iu  contact  with  the  stomach,  it  lies  about  a  finger's 
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breadth  from  the  greater  curvature.  This  vessel  gives  off  numerous  branches, 
some  of  which  ascend  to  supply  both  surfaces  of  the  stomach,  while  others  descend 
to  supply  the  greater  omentum  and  anastomose  with  branches  of  the  middle  colic. 

The  superior  pancreaticoduodenal  artery  (a.  pancrcaticoduodenalis  superior) 
descends  between  the  contiguous  margins  of  the  duodenum  and  pancreas.  It 
supplies  both  these  organs,  and  anastomoses  with  the  inferior  pancreaticoduodenal 
branch  of  the  superior  mesenteric  artery,  and  with  the  pancreatic  branches  of  the 
lieuul  artery. 

Branch**  to  greater  omentum 


F Vj  662  — Th*  <v»liae  artery  and  U»  branches;  the  stomach  has  been  raise}  and  the  peritoneum  removed. 


The  cystic  artery  (a.  cystica)  (Fig.  551),  usually  a  branch  of  the  right  hepatic, 
passes  downward  and  forward  along  the  neck  of  the  gall-bladder,  and  divides  into 
two  branches,  one  ot  which  ramifies  on  the  free  surface,  the  other  on  the  attached 
surface  of  the  gall-bladder, 

3.  The  Lienal  or  Splenic  Artery  (a.  lienalis),  the  largest  branch  of  the  celiac 
artery,  is  remarkable  for  the  tortuosity  of  its  course.  It  passes  horizontally  to 
tbe  left  side,  behind  the  stomach  and  the  omental  bursa  of  the  peritoneum,  and 
along  the  upper  border  of  the  pancreas,  accompanied  by  the  lienal  vein,  which 
lies  below  it;  it  crosses  in  front  of  the  upper  part  of  the  left  kidney,  and,  on  arriving 
near  the  spleen,  divides  into  branches,  some  of  which  enter  the  hiius  of  that  organ 
between  the  tw’o  layers  of  the  phreiiieolienai  ligament  to  be  distributed  to  the  tissues 
of  the  spleen  ;  some  are  given  to  the  pancreas,  while  others  pass  to  the  greater  curva¬ 
ture  of  the  stomach  between  the  layers  of  the  gastrolienal  ligament.  Its  branches  are: 

Pancreatic*  Short  Gastric.  Left  Gastroepiploic. 


The  pancreatic  branches  ( rami  pancreatici )  are  numerous  small  vessels  derived 
from  the  lienal  as  it  runs  behind  the  upper  border  of  the  pancreas,  supplying  its 
body  and  tail.  One  of  these,  larger  than  the  rest,  is  sometimes  given  off  near  the 
tail  of  the  pancreas  ;  it  runs  from  left  to  right  near  the  posterior  surface  of  the  gland, 
following  the  course  of  the  pancreatic  duct,  and  is  called  the  arteria  pancreatic* 
magna.  These  vessels  anastomose  with  the  pancreatic  branches  of  the  pancreatico¬ 
duodenal  and  superior  mesenteric  arteries. 


1  mo&uitocfi:  unt»ry  it* 


The  short  gastric  arteries  (aa.  gastric#,  breves;  rasa  h revia)  consist  of  from  five  to 
seven  small  branches,  which  arise  from  the  end  of  the  lienal  artery,  and  from  its 
terminal  divisions.  They  pass  from  left  to  right,  between  the  layers  of  the  gastro¬ 
lienal  ligament,  and  are  distributed  to  the  greater  curvature  of  the  stomach,  anasto¬ 
mosing  with  branches  of  the  left  gastric  and  left  gastroepiploic  arteries. 

The  left  gastroepiploic  artery  (a.  gastroepiploica  sinistra )  the  largest  branch  of  the 
lienal,  runs  from  left  to  right  about  a  finger’s  breadth  or  more  from  the  greater 
curvature  of  the  stomach,  between  the  layers  of  the  greater  omentum,  and  anasto¬ 
moses  with  the  right  gastroepiploic.  In  its  course  it  distributes  several  ascending 
branches  to  both  surfaces  of  the  stomach;  others  descend  to  supply  the  greater 
omentum  and  anastomose  with  branches  of  the  middle  colic. 

The  superior  mesenteric  artery  (a.  mesenterica  superior)  (Fig,  553)  is  a  large 
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vessel  which  supplies  the  whole  length  of  the  small  intestine,  except  the  superior 
part  of  the  duodenum;  it  also  supplies  the  cecum  and  the  ascending  part  of  the  colon 
and  about  one-half  of  the  transverse  part  of  the  colon.  It  arises  from  the  front 
of  the  aorta,  about  1.25  cm.  below  the  celiac  artery,  and  is  crossed  at  its  origin  by 
the  lienal  vein  and  the  neck  of  the  pancreas.  It  passes  downward  and  forward, 
anterior  to  the  processus  uncinatus  of  the  head  of  the  pancreas  and  inferior  part 
of  the  duodenum,  and  descends  between  the  layers  of  the  mesentery  to  the  right 
iliac  fossa,  where,  considerably  diminished  in  size,  it  anastomoses  with  one  of 
its  own  branches,  viz.,  the  ileocolic.  In  its  course  it  crosses  in  front  of  the  inferior 
vena  cava,  the  right  ureter  and  Psoas  major,  and  forms  an  arch,  the  convexity  of 
which  is  directed  forward  and  downward  to  the  left  side,  the  concavity  backward 
and  upward  to  the  right.  It  is  accompanied  by  the  superior  mesenteric  vein, 
which  lies  to  its  right  side,  and  it  is  surrounded  by  the  superior  mesenteric  plexus 
of  nerves. 

Branches. — Its  branches  are: 

Inferior  Pancreaticoduodenal.  Ileocolic. 

Intestinal.  Right  Colic. 

Middle  Colic. 

The  Inferior  Pancreaticoduodenal  Artery  (a.  pancreaticoduodenalis  inferior)  is  given 
off  from  the  superior  mesenteric  or  from  its  first  intestinal  branch,  opposite  the 
upper  border  of  the  inferior  part  of  the  duodenum.  It  courses  to  the  right 
between  the  head  of  the  pancreas  and  duodenum,  and  then  ascends  to  anastomose 
with  the  superior  pancreaticoduodenal  artery.  It  distributes  branches  to  the  head 
of  the  pancreas  and  to  the  descending  and  inferior  parts  of  the  duodenum. 

The  Intestinal  Arteries  ( aa .  intestinales;  rasa  iniestini  tenuis)  arise  from  the  convex 
side  of  the  superior  mesenteric  artery.  They  are  usually  from  twelve  to  fifteen 
in  number,  and  are  distributed  to  the  jejunum  and  ileum.  They  run  nearly  parallel 
with  one  another  between  the  layers  of  the  mesentery,  each  vessel  dividing  into 
two  branches,  which  unite  with  adjacent  branches,  forming  a  series  of  arches,  the 
convexities  of  which  are  directed  toward  the  intestine  (Fig.  554).  From  this  first 
set  of  arches  branches  arise,  which  unite  with  similar  branches  from  above  and  below 
and  thus  a  second  series  of  arches  is  formed;  from  the  lower  branches  of  the  artery, 
a  third,  a  fourth,  or  even  a  fifth  series  of  arches  may  be  formed,  diminishing  in 
size  the  nearer  they  approach  the  intestine.  In  the  short,  upper  part  of  the  mesen¬ 
tery  only  one  set  of  arches  exists,  but  as  the  depth  of  the  mesentery  increases, 
second,  third,  fourth,  or  even  fifth  groups  are  developed.  From  the  terminal 
arches  numerous  small  straight  vessels  arise  which  encircle  the  intestine,  upon 
which  they  are  distributed,  ramifying  between  its  coats.  From  the  intestinal 
arteries  small  branches  are  given  off  to  the  lymph  glands  and  other  structures 
between  the  layers  of  the  mesentery. 

The  Ileocolic  Artery  (a.  ileocolica)  is  the  lowest  branch  arising  from  the  concavity 
of  the  superior  mesenteric  artery.  It  passes  downward  and  to  the  right  behind  the 
peritoneum  towrard  the  right  iliac  fossa,  where  it  divides  into  a  superior  and  an 
inferior  branch;  the  inferior  anastomoses  with  the  end  of  the  superior  mesenteric 
artery,  the  superior  wTith  the  right  colic  artery. 

The  inferior  branch  of  the  ileocolic  runs  toward  the  upper  border  of  the  ileo¬ 
colic  junction  and  supplies  the  following  branches  (Fig.  555) : 

(a)  colic,  wrhich  pass  upwrard  on  the  ascending  colon;  ( b )  anterior  and  posterior 
cecal,  wrhich  are  distributed  to  the  front  and  back  of  the  cecum;  (c)  an  appendicular 
artery,  which  descends  behind  the  termination  of  the  ileum  and  enters  the  mesen- 
teriole  of  the  vermiform  process;  it  runs  near  the  free  margin  of  this  mesenteriole 
and  ends  in  branches  wfhich  supply  the  vermiform  process;  and  (d)  ileal,  which  run 
upward  and  to  the  left  on  the  lower  part  of  the  ileum,  and  anastomose  with  the 
termination  of  the  superior  mesenteric. 
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The  Right  Colic  Artery  (a.  colica  dextra )  arises  from  about  the  middle  of  the  con¬ 
cavity  of  the  superior  mesenteric  artery,  or  from  a  stem  common  to  it  and  the  ileo¬ 
colic.  It  passes  to  the  right  behind  the  peritoneum,  and  in  front  of  the  right 
internal  spermatic  or  ovarian  vessels,  the  right  ureter  and  the  Psoas  major,  toward 
the  middle  of  the  ascending  colon;  sometimes  the  vessel  lies  at  a  higher  level, 
and  crosses  the  descending  part  of  the  duodenum  and  the  lower  end  of  the  right 
kidney  .  At  the  colon  it  divides  into  a  descending  branch,  which  anastomoses  with 
the  ileocolic,  and  an  ascending  branch,  which  anastomoses  with  the  middle  colic. 
These  branches  form  arches,  from  the  convexity  of  which  vessels  are  distributed 
to  the  ascending  colon. 


Middi* 

Inferior  Hririorrlboid/ti  / 


Fio.  ooti.  — The  inferior  mesenteric  artery  and  its  branch©*. 

The  Middle  Colic  Artery  (a.  colica  media)  arises  from  the  superior  mesenteric 
just  below  the  pancreas  and,  passing  downward  and  forward  between  the  layers  of 
the  transverse  mesocolon,  divides  into  two  branches,  right  and  left  ;  the  former 
anastomoses  with  the  right  colic;  the  latter  with  the  left  colic,  a  branch  of  the  in¬ 
ferior  mesenteric.  The  arches  thus  formed  are  placed  about  two  fingers’  breadth 
from  the  transverse  colon,  to  which  they  distribute  branches. 

The  inferior  mesenteric  artery  (a.  mesentcrica  inferior )  (Pig.  556)  supplies  the 
left  half  of  the  transverse  part  of  the  colon,  the  whole  of  the  descending  and  iliac 
parts  of  the  colon,  the  sigmoid  colon,  and  the  greater  part  of  the  rectum.  It  is 
smaller  than  the  superior  mesenteric,  and  arises  from  the  aorta,  about  3  or  4  cm. 
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above  its  division  into  the  common  iliacs  and  close  to  the  lower  border  of  the 
inferior  part  of  the  duodenum.  It  passes  downward  posterior  to  the  peritoneum, 
lying  at  first  anterior  to  and  then  on  the  left  side  of  the  aorta.  It  crosses  the 
left  common  iliac  artery  and  is  continued  into  the  lesser  pelvis  under  the  name  of 
the  superior  hemorrhoidal  artery,  which  descends  between  the  two  layers  of  the 
sigmoid  mesocolon  and  ends  on  the  upper  part  of  the  rectum. 

Branches. — Its  branches  are: 

Left  Colic.  Sigmoid.  Superior  Hemorrhoidal. 

The  Left  Colic  Artery  (a.  colica  sinistra)  runs  to  the  left  behind  the  peritoneum 
and  in  front  of  the  Psoas  major,  and  after  a  short,  but  variable,  course  divides 
into  an  ascending  and  a  descending  branch;  the  stem  of  the  artery  or  its  branches 
cross  the  left  ureter  and  left  internal  spermatic  vessels.  The  ascending  branch 
crosses  in  front  of  the  left  kidney  and  ends,  between  the  two  layers  of  the  transverse 
mesocolon,  by  anastomosing  with  the  middle  colic  artery;  the  descending  branch 
anastomoses  with  the  highest  sigmoid  artery.  From  the  arches  formed  by  these 
anastomoses  branches  are  distributed  to  the  descending  colon  and  the  left  part 
of  the  transverse  colon. 

The  Sigmoid  Arteries  ( aa .  sigmoidece)  (Fig.  557),  two  or  three  in  number,  run 
obliquely  downward  and  to  the  left  behind  the  peritoneum  and  in  front  of  the 
Psoas  major,  ureter,  and  internal  spermatic  vessels.  Their  branches  supply  the  lower 
part  of  the  descending  colon,  the  iliac  colon,  and  the  sigmoid  or  pelvic  colon;  anasto¬ 
mosing  above  with  the  left  colic,  and  below  with  the  superior  hemorrhoidal  artery. 

The  Superior  Hemorrhoidal  Artery  (a.  haTmrrhoidalis  superior)  (Fig.  557),  the 
continuation  of  the  inferior  mesenteric,  descends  into  the  pelvis  between  the  layers 
of  the  mesentery  of  the  sigmoid  colon,  crossing,  in  its  course,  the  left  common 
iliac  vessels.  It  divides,  opposite  the  third  sacral  vertebra,  into  two  branches, 
which  descend  one  on  either  side  of  the  rectum,  and  about  10  or  12  cm.  from  the 
anus  break  up  into  several  small  branches.  These  pierce  the  muscular  coat  of  the 
bowel  and  run  downward,  as  straight  vessels,  placed  at  regular  intervals  from  each 
other  in  the  wall  of  the  gut  between  its  muscular  and  mucous  coats,  to  the  level 
of  the  Sphincter  ani  internus;  here  they  form  a  series  of  loops  around  the  low  er  end 
of  the  rectum,  and  communicate  with  the  middle  hemorrhoidal  branches  of  the 
hypogastric,  and  with  the  inferior  hemorrhoidal  branches  of  the  internal  pudendal. 

The  middle  suprarenal  arteries  (aa.  suprarenales  media;  middle  capsular  arteries; 
suprarenal  arteries)  are  two  small  vessels  which  arise ,  one  from  either  side  of  the 
aorta,  opposite  the  superior  mesenteric  artery.  They  pass  lateralward  and  slightly 
upward,  over  the  crura  of  the  diaphragm,  to  the  suprarenal  glands,  where  they 
anastomose  with  suprarenal  branches  of  the  inferior  phrenic  and  renal  arteries.  In 
the  fetus  these  arteries  are  of  large  size. 

The  renal  arteries  (aa.  renales)  (Fig.  550),  are  two  large  trunks,  which  arise 
from  the  side  of  the  aorta,  immediately  below  the  superior  mesenteric  artery. 
Each  is  directed  across  the  crus  of  the  diaphragm,  so  as  to  form  nearly  a  right 
angle  with  the  aorta.  The  right  is  longer  than  the  left,  on  account  of  the  position 
of  the  aorta;  it  passes  behind  the  inferior  vena  cava,  the  right  renal  vein,  the  head 
of  the  pancreas,  and  the  descending  part  of  the  duodenum.  The  left  is  somewhat 
higher  than  the  right;  it  lies  behind  the  left  renal  vein,  the  body  of  the  pancreas 
and  the  lienal  vein,  and  is  crossed  by  the  inferior  mesenteric  vein.  Before  reaching 
the  hilus  of  the  kidney,  each  artery  divides  into  four  or  five  branches;  the  greater 
number  of  these  lie  between  the  renal  vein  and  ureter,  the  vein  being  in  front, 
the  ureter  behind,  but  one  or  more  branches  are  usually  situated  behind  the  ureter. 
Each  vessel  gives  off  some  small  inferior  suprarenal  branches  to  the  suprarenal 
gland,  the  ureter,  and  the  surrounding  cellular  tissue  and  muscles.  One  or  two 
accessory  renal  arteries  are  frequently  found,  more  especially  on  the  left  side 
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they  usually  arise  from  the  tforta,  and  may  come  off  above  or  below  fh»rm«in  artery, 
the  former  being  the  mcrsycommon  position.  Instead  of  entering  the  kidney  at  the 
tiilusi  they  usually  pierce  the  upper  or  lower  part  of  the gland. 

The  internal  spermatic  arterins  \nn.  .iperMafuir  intmur:  kpm/t«ik  .ntierie*)' 
•  Fig.  mi  are  distributee!  to  the  testes.  They  are  two  sleritler  ve.ssels  of  eo/isid- 
mbte  length,  and  arise  from -the  front  of: the.  hhirtg  a  little  below  the renal 'arteries. 
Each  passes  obliquely  atvd  lateral tysBfd  behind  the  peritorieuitw  resting 

m  the  Psoas  major,  the  right  sphTTOatre  lying  &  front  of  the  Inferior  yejta  'cava 
and  lA^hind  the  middle  colic  and  ikocolir  arteries  and  the  terminal  part  of  the 
ileum,  the  k-ft  behind  the  left  colic  and  sigmoid  arteries  and  the  iliac  colon.  Each 
crosses  obliquely  over  the  ureter  and  the  totver  part,  of  the  external  that  artery 


$.Hson*irh: 
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F*.  *37  ‘totOft'iiird  hr G&ch**  ol  inferior  meseotarir  artery  ifiiA 

i»nuau5u»v««^.  (From  a  ptt?pfiLKih?v^  &>;:  PnfmKifjrakji  Prepared  in  «ume  rti&n nor  ae  Fit?,  'rfi- 

to  reach  the  abdominal  inguinal  ring,  through  which  it  passes,  and  aceompiwm-.s 
the  other  eonstituenta  of  the  speriPatic  <x*rd  along  the  inguinal  canal  to  the 
scrotum,  where  it  bectmes  tortuous,  and  divides  into  several  branches,  Two  or 
three  of  these  accompany  the  ductus  deferens,  and  supply  the  epididymis,  amn  io- 
mstsing  with  the  artery (>f  the ductus  defei^hspdUiCfs  pierce  the  back  part  of  the 
ittnioa  alhuguiya,  and  supply  the  substance  of  the  testh*,.  The  internal  spermatic 
♦iterj  supplies  m  two  small  branches  to  the  ureter,  sited  m  the  inguinal!  canal 
giv«  one'.W  two  twigs  .to  the  Crei»».ocr. 

TW ovarian  arteries  (a«,  omri&t)  Atte/tb-f  •dteTe'#»on41bg.  ttriwiiss:  hi  the  female 
to tlw internal  spermatic  >o  the  male.  They  supply  the  nearies,  arc  shorter  than  the 
UiUreat  spermatjes,  and  do  not  pass  test  of  the  abdominal  cavity.  The  origin 
sad  course  of  the  first  part  of  each  artery  ate  the  same  as  those  of  thd  iiitemai 
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spermatic,  but  on  arriving  at  the  upper  opening  of  the  lesser  pelvis  the  ovarian 
artery  passes  inward,  between  the  two  layers  of  the  ovariopelvic  ligament  and  of 
the  broad  ligament  of  the  uterus,  to  be  distributed  to  the  ovary.  Small  branches 
are  given  to  the  ureter  and  the  uterine  tube,  and  one  passes  on  to  the  side  of  the 
uterus,  and  unites  with  the  uterine  artery.  Other  offsets  are  continued  on  the  round 
ligament  of  the  uterus,  through  the  inguinal  canal,  to  the  integument  of  the  labium 
majus  and  groin.  • 

At  an  early  period  of  fetal  life,  when  the  testes  or  ovaries  lie  by  the  side  of  the 
vertebral  column,  below  the  kidneys,  the  internal  spermatic  or  ovarian  arteries 
are  short;  but  with  the  descent  of  these  organs  into  the  scrotum  or  lesser  pelvis, 
the  arteries  are  gradually  lengthened. 

The  inferior  phrenic  arteries  {aa.  phrenicce  inferiores)  (Fig.  550)  are  two  small 
vessels,  which  supply  the  diaphragm  but  present  much  variety  in  their  origin. 
They  may  arise  separately  from  the  front  of  the  aorta,  immediately  above  the  celiac 
artery,  or  by  a  common  trunk,  which  may  spring  either  from  the  aorta  or  from  the 
celiac  artery.  Sometimes  one  is  derived  from  the  aorta,  and  the  other  from  one  of 
the  renal  arteries;  they  rarely  arise  as  separate  vessels  from  the  aorta.  They 
diverge  from  one  another  across  the  crura  of  the  diaphragm,  and  then  run  ob¬ 
liquely  upward  and  lateralward  upon  its  under  surface.  The  left  phrenic  passes 
behind  the  esophagus,  and  runs  forward  on  the  left  side  of  the  esophageal  hiatus. 
The  right  phrenic  passes  behind  the  inferior  vena  cava,  and  along  the  right  side 
of  the  foramen  which  transmits  that  vein.  Near  the  back  part  of  the  central 
tendon  each  vessel  divides  into  a  medial  and  a  lateral  branch.  The  medial  branch 
curves  forward,  and  anastomoses  with  its  fellow  of  the  opposite  side,  and  with 
the  musculophrenic  and  pericardiacophrenic  arteries.  The  lateral  branch  passes 
toward  the  side  of  the  thorax,  and  anastomoses  with  the  lower  intercostal  arteries, 
and  with  the  musculophrenic.  The  lateral  branch  of  the  right  phrenic  gives  off  » 
a  few  vessels  to  the  inferior  vena  cava;  and  the  left  one,  some  branches  to  the 
esophagus.  Each  vessel  gives  off  superior  suprarenal  branches  to  the  suprarenal 
gland  of  its  own  side.  The  spleen  and  the  liver  also  receive  a  few  twigs  from  the 
left  and  right  vessels  respectively. 

The  lumbar  arteries  {aa.  lumbales)  are  in  series  with  the  intercostals.  They 
are  usually  four  in  number  on  either  side,  and  arise  from  the  back  of  the  aorta, 
opposite  the  bodies  of  the  upper  four  lumbar  vertebrae.  A  fifth  pair,  small  in  size, 
is  occasionally  present:  they  arise  from  the  middle  sacral  artery.  They  run  lateral- 
ward  and  backward  on  the  bodies  of  the  lumbar  vertebrae,  behind  the  sympathetic 
trunk,  to  the  intervals  between  the  adjacent  transverse  processes,  and  are  then 
continued  into  the  abdominal  wall.  The  arteries  of  the  right  side  pass  behind  the 
inferior  vena  cava,  and  the  upper  two  on  each  side  run  behind  the  corresponding 
crus  of  the  diaphragm.  The  arteries  of  both  sides  pass  beneath  the  tendinous 
arches  which  give  origin  to  the  Psoas  major,  and  are  then  continued  behind  this 
muscle  and  the  lumbar  plexus.  They  now  cross  the  Quadratus  lumborum,  the  upper 
three  arteries  running  behind,  the  last  usually  in  front  of  the  muscle.  At  the  lateral 
border  of  the  Quadratus  lumborum  they  pierce  the  posterior  aponeurosis  of  the 
Transversus  abdominis  and  are  carried  forward  between  this  muscle  and  the 
Obliquus  internus.  They  anastomose  with  the  lower  intercostal,  the  subcostal, 
the  iliolumbar,  the  deep  iliac  circumflex,  and  the  inferior  epigastric  arteries. 

Branches. — In  the  interval  between  the  adjacent  transverse  processes  each  lumbar 
artery  gives  off  a  posterior  ramus  which  is  continued  backward  between  the  trans¬ 
verse  processes  and  is  distributed  to  the  muscles  and  skin  of  the  back;  it  furnishes 
a  spinal  branch  which  enters  the  vertebral  canal  and  is  distributed  in  a  manner 
similar  to  the  spinal  branches  of  the  posterior  rami  of  the  intercostal  arteries 
(page  605).  Muscular  branches  are  supplied  from  each  lumbar  artery  and  from  its 
posterior  ramus  to  the  neighboring  muscles. 
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The  middle  sacral  artery  (a.  sacra!  is  media)  (Fig.  550)  is  a  small  vessel,  which 
arises  from  the  hack  of  the  aorta,  a  little  above  its  bifurcation.  It  descends  in 
the  middle  line  in  front,  of  the  fourth  and  fifth  lumbar  vertebra1,  the  sacrum  and 
coccyx,  and  ends  in  the  glomus  eoceygeum  (coccygeal  gland).  From  it,  minute 
branches  arc  said  to  pass  to  the  posterior  surface  of  the  rectum.  On  the  last 
lumbar  vertebra  it  anastomoses  with  the  lumbar  branch  of  the  iliolumbar  artery; 
in  front  of  the  sacrum  it  anastomoses  with  the  lateral  sacral  arteries,  and  sends 
offsets  into  the  anterior  sacral  foramina.  It  is  crossed  by  the  left  common  iliac 
vein,  and  is  accompanied  by  a  pair  of  venae  comitantes;  these  unite  to  form  a 
single  vessel,  which  opens  into  the  left  common  iliac  vein. 


jlf icMU  tacTul 
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The  right  common  iliac  artery  (Fig.  558)  is  somewhat  longer  than  the  left,  and 
passes  more  obliquely  across  the  body  of  the  last  lumbar  vertebra.  In  front  of 
it  are  the  peritoneum,  the  small  intestines,  branches  of  the  sympathetic  nerves, 
and,  at  its  point  of  division,  the  ureter.  Behind ,  it  is  separated  from  the  bodies  of 
the  fourth  and  fifth  lumbar  vertebrae,  and  the  intervening  fibrocartilage,  by  the 
terminations  of  the  two  common  iliac  veins  and  the  commencement  of  the  inferior 
vena  cava.  Laterally ,  it  is  in  relation,  above,  with  the  inferior  vena  cava  and  the 
right  common  iliac  vein;  and,  below,  writh  the  Psoas  major.  Medial  to  it,  above, 
is  the  left  common  iliac  vein. 

The  left  common  iliac  artery  is  in  relation,  in  front ,  with  the  peritoneum,  the 
small  intestines,  branches  of  the  sympathetic  nerves,  and  the  superior  hemorrhoidal 
artery;  and  is  crossed  at  its  point  of  bifurcation  by  the  ureter.  It  rests  on  the 
bodies  of  the  fourth  and  fifth  lumbar  vertebrae,  and  the  intervening  fibrocartilage. 
The  left  common  iliac  vein  lies  partly  medial  to,  and  partly  behind  the  artery; 
laterally,  the  artery  is  in  relation  with  the  Psoas  major. 

Branches. — The  common  iliac  arteries  give  off  small  branches  to  the  peritoneum, 
Psoas  major,  ureters,  and  the  surrounding  areolar  tissue,  and  occasionally  give 
origin  to  the  iliolumbar,  or  accessory  renal  arteries. 

Peculiarities. — The  point  of  origin  varies  according  to  the  bifurcation  of  the  aorta.  In  three- 
fourths  of  a  large  number  of  cases,  the  aorta  bifurcated  either  upon  the  fourth  lumbar  vertebra, 
or  upon  the  fibrocartilage  between  it  and  the  fifth;  the  bifurcation  being,  in  one  case  out  of  nine, 
below,  and  in  one  out  of  eleven,  above  this  point.  In  about  80  per  cent,  of  the  cases  the  aorta 
bifurcated  within  1.25  cm.  above  or  below  the  level  of  the  crest  of  the  ilium;  more  frequently 
below  than  above. 

The  point  of  division  is  subject  to  great  variety.  In  two-thirds  of  a  large  number  of  cases  it 
was  between  the  last  lumbar  vertebra  and  the  upper  border  of  the  sacrum;  being  above  that  point 
in  one  case  out  of  eight,  and  below  it  in  one  case  out  of  six.  The  left  common  iliac  artery  divides 
lower  down  more  frequently  than  the  right. 

The  relative  lengths ,  also,  of  the  two  common  iliac  arteries  vary.  The  right  common  iliac  was 
the  longer  in  sixty-three  cases;  the  left  in  fifty-two;  while  they  were  equal  in  fifty-three.  The 
length  of  the  arteries  varied,  in  five-sevenths  of  the  cases  examined,  from  3.5  to  7.5  cm.;  in  about 
half  of  the  remaining  cases  the  artery  was  longer,  and  in  the  other  half,  shorter;  the  minimum 
length  being  less  than  1.25  cm.,  the  maximum,  11  cm.  In  rare  instances,  the  right  common 
iliac  has  been  found  wanting,  the  external  iliac  and  hypogastric  arising  directly  from  the  aorta. 

Collateral  Circulation. — The  principal  agents  in  carrying  on  the  collateral  circulation  after  the 
application  of  a  ligature  to  the  common  iliac  are:  the  anastomoses  of  the  hemorrhoidal  branches 
of  the  hypogastric  with  the  superior  hemorrhoidal  from  the  inferior  mesenteric;  of  the  uterine, 
ovarian,  and  vesical  arteries  of  the  opposite  sides;  of  the  lateral  sacral  with  the  middle  sacral 
artery;  of  the  inferior  epigastric  with  the  internal  mammary,  inferior  intercostal,  and  lumbar 
arteries;  of  the  deep  iliac  circumflex  with  the  lumbar  arteries;  of  the  iliolumbar  with  the  last 
lumbar  artery;  of  the  obturator  artery,  by  means  of  its  pubic  branch,  with  the  vessel  of  the 
opposite  side  and  with  the  inferior  epigastric. 


The  Hypogastric  Artery  (A.  Hypogastrica ;  Internal  Iliac  Artery)  (Fig.  558). 

The  hypogastric  artery  supplies  the  walls  and  viscera  of  the  pelvis,  the  buttock, 
the  generative  organs,  and  the  medial  side  of  the  thigh.  It  is  a  short,  thick  vessel, 
smaller  than  the  external  iliac,  and  about  4  cm.  in  length.  It  arises  at  the  bifur¬ 
cation  of  the  common  iliac,  opposite  the  lumbosacral  articulation,  and,  passing 
downward  to  the  upper  margin  of  the  greater  sciatic  foramen,  divides  into  two 
large  trunks,  an  anterior  and  a  posterior. 

Relations. — It  is  in  relation  in  front  with  the  ureter;  behind ,  with  the  internal  iliac  vein,  the 
lumbosacral  trunk,  and  the  Piriformis  muscle;  laterally ,  near  its  origin,  with  the  external  iliac 
vein,  which  lies  between  it  and  the  Psoas  major  muscle;  lower  down,  with  the  obturator  nerve. 

In  the  fetus,  the  hypogastric  artery  is  twice  as  large  as  the  external  iliac,  and  is 
the  direct  continuation  of  the  common  iliac.  It  ascends  along  the  side  of  the 
bladder,  and  runs  upward  on  the  back  of  the  anterior  wall  of  the  abdomen  to  the 
umbilicus,  converging  toward  its  fellow  of  the  opposite  side.  Having  passed  through 
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the  umbilical  opening,  the  two  arteries,  now  termed  umbilical,  enter  the  umbilical 
cord,  where  they  are  coiled  around  the  umbilical  vein,  and  ultimately  ramify  in 
the  placenta. 

At  birth,  when  the  placental  circulation  ceases,  the  pelvic  portion  only  of  the 
artery  remains  patent  and  constitutes  the  hypogastric  and  the  first  part  of  the 
superior  vesical  artery  of  the  adult;  the  remainder  of  the  vessel  is  converted  into 
a  solid  fibrous  cord,  the  lateral  umbilical  ligament  {obliterated  hypogastric  artery) 
which  extends  from  the  pelvis  to  the  umbilicus. 


Peculiarities  as  Regards  Length. — In  two-thirds  of  a  large  number  of  cases,  the  length  of  the 
hypogastric  varied  between  2.25  and  3.4  cm.;  in  the  remaining  third  it  was  more  frequently 
longer  than  shorter,  the  maximum  length  being  about  7  cm.  the  minimum  about  1  cm. 

The  lengths  of  the  common  iliac  and  hypogastric  arteries  bear  an  inverse  proportion  to  each 
other,  the  hypogastric  artery  being  long  when  the  common  iliac  is  short,  and  vice  versa. 

As  Regards  its  Place  of  Division. — The  place  of  division  of  the  hypogastric  varies  between 
the  upper  margin  of  the  sacrum  and  the  upper  border  of  the  greater  sciatic  foramen. 

The  right  and  left  hypogastric  arteries  in  a  series  of  cases  often  differed  in  length,  but  neither 
seemed  constantly  to  exceed  the  other. 

Collateral  Circulation. — The  circulation  after  ligature  of  the  hypogastric  artery  is  carried  on 
by  the  anastomoses  of  the  uterine  and  ovarian  arteries;  of  the  vesical  arteries  of  the  two  sides; 
of  the  hemorrhoidal  branches  of  the  hypogastric  with  those  from  the  inferior  mesenteric;  of  the 
obturator  artery,  by  means  of  its  pubic  branch,  with  the  vessel  of  the  opposite  side,  and  with  the 
inferior  epigastric  and  medial  femoral  circumflex;  of  the  circumflex  and  perforating  branches  of 
the  profunda  femoris  with  the  inferior  gluteal;  of  the  superior  gluteal  with  the  posterior  branches 
of  the  lateral  sacral  arteries;  of  the  iliolumbar  with  the  last  lumbar;  of  the  lateral  sacral  with  the 
middle  sacral;  and  of  the  iliac  circumflex  with  the  iliolumbar  and  superior  gluteal.1 


Branches. — The  branches  of  the  hypogastric  artery  are: 

From  the  Anterior  Trunk .  From  the  Posterior  Trunk . 


Superior  Vesical. 

Middle  Vesical. 

Inferior  Vesical. 

Middle  Hemorrhoidal. 
Obturator. 

Internal  Pudendal. 
Inferior  Gluteal. 

Vaginal  }/n  the  Femak- 


Iliolumbar. 
Lateral  Sacral. 
Superior  Gluteal. 


The  superior  vesical  artery  (a.  vesicalis  superior)  supplies  numerous  branches 
to  the  upper  part  of  the  bladder.  From  one  of  these  a  slender  vessel,  the  artery 
to  the  ductus  deferens,  takes  origin  and  accompanies  the  duct  in  its  course  to  the 
testis,  where  it  anastomoses  with  the  internal  spermatic  artery.  Other  branches 
supply  the  ureter.  The  first  part  of  the  superior  vesical  artery  represents  the 
terminal  section  of  the  pervious  portion  of  the  fetal  hypogastric  artery. 

The  middle  vesical  artery  (a.  vesicalis  medialis ),  usually  a  branch  of  the  superior, 
is  distributed  to  the  fundus  of  the  bladder  and  the  vesiculse  seminales. 

The  inferior  vesical  artery  (a.  vesicalis  inferior)  frequently  arises  in  common 
with  the  middle  hemorrhoidal,  and  is  distributed  to  the  fundus  of  the  bladder,  the 
prostate,  and  the  vesiculse  seminales.  The  branches  to  the  prostate  communicate 
with  the  corresponding  vessels  of  the  opposite  side. 

The  middle  hemorrhoidal  artery  (a.  hwmorrhoidalis  media)  usually  arises  with 
the  preceding  vessel.  It  is  distributed  to  the  rectum,  anastomosing  with  the 
inferior  vesical  and  with  the  superior  and  inferior  hemorrhoidal  arteries.  It  gives 
offsets  to  the  vesiculse  seminales  and  prostate. 

The  uterine  artery  (a.  uterina)  (Fig.  559)  springs  from  the  anterior  division  of 


1  For  *  description  of  a  case  in  which  Owen  made  a  dissection  ten  years  after  ligature  of  the  hypogastric  artery, 
weMed.-Chir.  Trans.,  vol.  16 
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the  hypogastric  and  runs  medialward  on  the  Levator  ani  and  toward  the  cervix 
uteri;  about  2  cm.  from  the  cervix  it  crosses  above  and  in  front  of  the  ureter,  to 
which  it  supplies  a  small  branch.  Reaching  the  side  of  the  uterus  it  ascends  In  a 
tortuous  manner  between  the  two  layers  of  the  broad  ligament  to  the  junction 
of  the  uterine  tube  and  uterus.  It  then  runs  lateralward  toward  the  hilus  of  the 
ovary,  and  ends  by  joining  with  the  ovarian  artery.  It  supplies  branches  to  the 
cervix  uteri  and  others  which  descend  on  the  vagina;  the  latter  anastomose  with 
branches  of  the  vaginal  arteries  and  form  with  them  two  median  longitudinal 
vessels — the  azygos  arteries  of  the  vagina— one  of  which  runs  down  in  front  of 
and  the  other  behind  the  vagina  .  It  supplies  numerous  branches  to  the  body  of  the 
uterus,  and  from  its  terminal  portion  twigs  are  distributed  to  the  uterine  tube  and 
the  round  ligament  of  the  uterus. 

The  vaginal  artery  (a.  vaginalis)  usually  corresponds  to  the  inferior  vesical  in 
the  male;  it  descends  upon  the  vagina,  supplying  its  mucous  membrane,  and  sends 
branches  to  the  bulb  of  the  vestibule,  the  fundus  of  the  bladder,  and  the  contiguous 
part  of  the  rectum.  It  assists  in  forming  the  azygos  arteries  of  the  vagina,  and 
is  frequently  represented  by  two  or  three  branches. 

Tltanchzz  k>  nth- 

Rrn  nr  fa*  to  jit  ttuu* 


Branch  to  round  liyaiMn  i 

Rf)V>ld  limrm  nl  of  vtcrux 

V trying  af  Ury 
1  rtf fn*  of  r.rryi: v 


I?  Tl/«  .irifiiM  »4  oria»vtY<?  of  t  f  ii;r*  fantute.  awn- '  Vft -f.r  IlyriM 


The  obturator  artery  (a.  obfuratoria )  passes  forward  and  downward  on  the  lateral 
wall  of  the  pelvis,  to  the  upper  part  of  the  obturator  foramen,  and,  escaping  from 
the  pelvic  cavity  through  the  obturator  canal,  it  divides  into  an  anterior  ami  a 
posterior  branch.  In  the  pelvic  cavity  this  vessel  is  in  relation,  laterally,  w  ith  the 
obturator  fascia;  medially,  with  the  ureter,  ductus  deferens,  and  peritoneum; 
while  a  little  below  it  is  the  obturator  nerve. 

Branches.—  Inside  the.  pelvis  the  obturator  artery  gives  off  iliac  branches  to  the 
iliac  fossa,  which  supply  the  bone  and  the  Iliaeus,  and  anastomose  with  the  ilio¬ 
lumbar  artery;  a  vesical  branch,  which  runs  backward  to  supply  the  bladder;  and 
a  pubic  branch,  which  is  given  off  from  the  vessel  just  before  it  leaves  the  pelvic 
cavity.  The  pubic  branch  ascends  upon  the  back  of  the  pubis,  communicating 
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Viti  tup  torrespcmdirig  vpsm'I  of  tlx?  opposite  ri(h\  ami  wil  l)  the  inferior  epigastric 
littery.  „  ‘  ' 

(hltuk  I  hr  ptlri.i,  the  obturator  artery  di'/iiflcs  at  the  upper  margin  of  the  obtur- 
Stef  foramen,  into  atvanterior  ami  n  posterior  bmwb  which  encircle  the  foramen 
under  cover  of  the  Obturator  cxtmtusJ 

The  anterior  branch  runs  forward  on  the  outer  surface  of  the  obturator  tnem- 
braut  and  then  curves  dowtuv«r«i  ..along  the  anterior  margin,  of  the  foramen,  It 
distributes,  hnuiehes  to  theObturator  exterous,  I\>t'fine«si  Afi<fuetomst8nd  Oracifis, 
and  anastomoses  with  the  }>oStbrifn'  h^t».Ot  and  with  the  medial  fptobr^ xsrgldm- 
ifex  artery. 

The  posterior  branch  follows,  the  posterior  margitv  of  the  foramen  and  turns -for¬ 
ward  on  t  he  Inferior  ramus  of  the  ischium,  where  it  HU&stomoarii  with  the  anterior 
branch.  It  gives  twigs  to  the:  muscles  attached  to  the  ischial  tuberosity' and  anas¬ 
tomoses  with  the  inferior  giptea!,  it  also  stipules '  btr-  articular .  hrattch;  w'hkh ' 
enters  the  hiji-jomt  through  ..the  acetabular  notch,  ramifies  in  the  fat  at  the  bottom 
«f  the  aeelabuljjm'ahd  sends  a  trig along  the  iigaim-iit  wov  the  bead  of  the 

femur.’ 

?«caii4ritifcs4u — The  obturator  artery  sometime  arises  from  the  won  Mem  •#£.  from  the  postienpr 
tfroak  fifth  a  iypogastric, -c^  it  may  spenig  -from  thtvfrttpefW’  it  offc&v 

from  the  external  Ihaoc  In  aWj&t  two  emt  of  *v«ry  k«Vm  rw&it  spnagri  from  fJae  mferibr  *?pi~ 
pifnc  said  desponds  almost  vertically  to  the  upper  part  of'  ;tjbe-  obturator'  forauietn  Th©  artery 
in  this  course  dually  lias  in  contact  wi%%  ,:$&&.  -and  on  the  laler&leide  of  the 

femoral  ring  (Fig .  Mtt  A  fj  to  such  casek  it  would  not  be  endangered  in  the  oj>eration  farstmngulated 
femoral  hernia.  Oeeasionfilh  ,  ivowhyer,  it  -carves  along  the  free  margin  of  tho  lacunar  ligament 
(E*$, ,  otifi  tti\  and  if  in  auch  a  fetnoral  hernia ,  occurred,  the  vessel  would  almost 

completely  encircle  t  he  neck  of  the  hernial  b&»_%  and  would  be  in  great  danger  of  being  wounded 
if  on  operation  were  peiformfed  for  strangulation. 


6  m  5fa0.  —  VorintitiTis  in  origin  nml  coarse  of  obt-wmiot  artery. 


rfhe  tafcernjgJ  pudenda]  artery  (a.  pudenda  interim;  internal  pudk  artery)  is  the 
smaller  of  the  two  terminal  branches  of  the  anterior  trunk  t\i  the  hypogastri-ft  and 
applies  the  evterual  organs  of  generation.  Though  the  vonrst  of  the  artery  is 
the  .^rae  in  the  two  sexes,  the  vessel  is  simifer  in  the  female  than  in  the  male,  and 
the  distribution  of  its somewhat  different.  The  description  of  its  arrange¬ 
ment  in  the  rn/de  v«  ill  first  be  given,  and '  subsecpitmtly  the  differences  which  it 
presents  in  the  female will  lie  mentioned. 

The  internal  pudendal  artery  in  the  male  passes  downward  and  outward  to  the 
lovicr  border  of  the  greater  sciatic  foramen,  ami  emerges  from  the  pelvis  between 
$P  Pirifonms  and  Oiecygvus;  ir  then  crosses  the:  'ischial  spine,  and  enters  the  peri- 
return  through  -  the  lesser  sciatic  foramen-  The  artery  now  crosses  the  Obturator 
in t.enius,  along  the  lateral  wall  of  the  bthiorectal  being  situated  about  4  era. 
afc>ve  the  lower  margin  of  th^  fehiiil  tubdf6>Tty;:  It,  approa^ics  the 

wrgiji  of  the  inferior  riamus  of  the  ischium  m\ d J parses  forward  between  the  two 
layers  of  the  fascia,  of  the  urogenital  diaphragm;  it  then  runs  forward  along  the 
medial  margin  of  the  inferior  minus  of  the  pubis.,  and  about.  1.25  cm.  behind  the 
t’Aii*  arcuate  ligament  it  pierces  the  mfrcku-  hist  in  of  the  urogenital  diaphragm 
•aitij  divkks  into  the  dorsal  and  deep  M -’the'  penis 
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Relations. — Within  the  pelvis,  it  lies  in  front  of  the  Piriformis  muscle,  the  sacral  plexus  of 
nerves,  and  the  inferior  gluteal  artery.  As  it  crosses  the  ischial  spine,  it  is  covered  by  the  Gluteus 
maximus  and  overlapped  by  the  sacrotuberous  ligament.  Here  the  pudendal  nerve  lies  to  the 
medial  side  and  the  nerve  to  the  Obturator  intern  us  to  the  lateral  side  of  the  vessel.  In  the  peri¬ 
neum  it  lies  on  the  lateral  wall  of  the  ischiorectal  fossa,  in  a  canal  (Alcock’8  canal)  formed  by  the 
splitting  of  the  obturator  fascia.  It  is  accompanied  by  a  pair  of  venae  comitantes  and  the  pudendal 
nerve. 

Peculiarities. — The  internal  pudendal  artery  is  sometimes  smaller  than  usual,  or  fails  to  give 
off  one  or  two  of  its  usual  branches;  in  such  cases  the  deficiency  is  supplied  by  branches  derived 
from  an  additional  vessel,  the  accessory  pudendal,  which  generally  arises  from  the  internal 
pudendal  artery  before  its  exit  from  the  greater  sciatic  foramen.  It  passes  forward  along  the 
lower  part  of  the  bladder  and  across  the  side  of  the  prostate  to  the  root  of  the  penis,  where  it 
perforates  the  urogenital  diaphragm,  and  gives  off  the  branches  usually  derived  from  the  internal 
pudendal  artery.  The  deficiency  most  frequently  met  with  is  that  in  which  the  internal  pudendal 
ends  as  the  artery  of  the  urethral  bulb,  the  dorsal  and  deep  arteries  of  the  penis  being  derived 
from  the  accessory  pudendal.  The  internal  pudendal  artery  may  also  end  as  the  perineal,  the 
artery  of  the  urethral  bulb  being  derived,  with  the  other  two  branches,  from  the  accessory  vessel. 
Occasionally  the  accessory  pudendal  artery  is  derived  from  one  of  the  other  branches  of  the 
hypogastric  artery,  most  frequently  the  inferior  vesical  or  the  obturator. 

Branches. — The  branches  of  the  internal  pudendal  artery  (Figs.  561,  562)  are: 

Muscular.  Artery  of  the  Urethral  Bulb. 

Inferior  Hemorrhoidal.  Urethral. 

Perineal.  Deep  Artery  of  the  Penis. 

Dorsal  Artery  of  the  Penis. 


Fio.  561. — The  superficial  branches  of  the  internal  pudendal  artery. 


The  Muscular  Branches  consist  of  two  sets:  one  given  off  in  the  pelvis;  the  other, 
as  the  vessel  crosses  the  ischial  spine.  The  former  consists  of  several  small  offsets 
which  supply  the  Levator  ani,  the  Obturator  internus,  the  Piriformis,  and  the 
Coccygeus.  The  branches  given  off  outside  the  pelvis  are  distributed  to  the 
adjacent  parts  of  the  Glutseus  maximus  and  external  rotator  muscles.  They 
anastomose  with  branches  of  the  inferior  gluteal  artery. 


THE  HYPOGASTRIC  ARTERY 


The  Manor  Hemorrhoidal  Artery  (a.  JucHiorthaidalis  mferiar)  arises  from  the. 
infernal  pudendal  &a  It  passes  above  the  ischial  tuberosity.  Piercing  tbe  waif 
elAlco4:%:^t^|^;^tyj^init»iwo;'Or'ibt^  braiicbee  wbkli  (gross  the  ischiorectal 
fossa.  wtegupsent  e£;|tie  a nai  region,  and 

send  offdxodfs  aroiiad  the  Ms'df  edge  i^the^IiitretEi  maxim  us  to  the  skin  of  the 
buttock.  They  anastomose  with  the  corresponding  Vessels  of  the  opposite  side,  with 
tjae  superior  and  middle  hemorrhoidal,  fitsd  with  the  perineal  artery  i 
The  Perineal  Artery  {a.  pc  finci;  superficial.  perineal  artery)  arms  from  the  internal 
pudendal,  in  front  of  the  preceding  bran cites,  aod  turns  upward:,  crossing  either 
over  or  under  the  TraiisversUs  perimvi  superftejalis,  and  runs  forward,  parallel 
to  the  pubic  arch,  in  the  interspace  between  the  Bulboeaverriosu*  and  Istbiocaver- 
nosus.  both  of  which  it  supplies,  and  finally  divides  into  several  posterior  scrotal 
brandies  Which  are  distributed  to  the  skin  and  dartos  tunic  of  the  scrotum.  As 
;if.  crosses;  the  Tran.sve.fsu3  perum  superficiaHs  it  gives  off  the  transverse  perineal 
artery  which  runs  transversely-  on  the  cutaneous  surface  of  the  muscle.,  and  anasto¬ 
moses  with  the  corresponding  Vessel -of  the  op;a, site  side  and  with  the  perineal 
and  inferior  hemorrhoidal  arteries;  It  supplies  the  Transvetsus  permau  guper- 
ficiaUs  and  the  structures  between  the  anus  and  the  urethral  bulb. 


.  jtWp  fFrfo'y 

.pfurf.rU  “ 


Arttry  r>f  w rrthrat  ouW 
internal  artery 

Bxlti6-ur*thral  *jUiid 


►Hie  de«t^  hrsdschlpfi  iW-**rnfi?  pudomlttJ  artery, 


The  Artary  of  the  Urethral  Bulb  \a.  bulbi  urethra)  is  a  short  vessel  of  large  •  caliber 
which  ori^A;fric^;^|eiQteTinai’pudemlaf  betw  eeit  the  two  layers  of  fascia  of  the  uro¬ 
genital  diaphragHj;it  passes  medial  ward,  pierce'}  the  inferior  fascia  of  the  urogenital 
diaphragm,.  and  gives  off  branches  which  ramify  in  the  Imlb  of  the  ujR'thi'a  and  in 
%  posterior  part  of  the  -corpus  caverwwum  nrcthne.  It  gives  off  *  small  branch 
to  tlnp  bulbo-urethral  gland. 

The  Urethral  Artery  i-s.  uuihrnlis)  arise-*  a  short,  distance  in  front  of  the  artery 
Of  the  urethral  bulb.  It  runs  forward  and  medialword,  pierces  {lie  inferior  fascia 
of  the  urogenital  diaphragm  and  enters  the  corpus  cavernpsum  liretbrifc,  in  width 
it  is  continued  forward  to  the 'glams-  penis. 
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The  Deep  Artery  of  the  Penis  (a.  profunda  penis;  artery  to  the  corpus  cavemmim .), 
one  of  the  terminal  branches  of  the  internal  pudendal,  arises  from  that  vessel 
while  it  is  situated  between  the  two  fasciae  of  the  urogenital  diaphragm;  it 
pierces  the  inferior  fascia,  and,  entering  the  crus  penis  obliquely,  runs  forward 
in  the  center  of  the  corpus  cavernosum  penis,  to  which  its  branches  are  distributed. 

The  Dorsal  Artery  of  the  Penis  (a.  dorsalis  penis)  ascends  between  the  crus  penis 
and  the  pubic  symphysis,  and,  piercing  the  inferior  fascia  of  the  urogenital  dia¬ 
phragm,  passes  between  the  two  layers  of  the  suspensory  ligament  of  the  penis, 
and  runs  forward  on  the  dorsum  of  the  penis  to  the  glans,  where  it  divides  into  two 
branches,  which  supply  the  glans  and  prepuce.  On  the  penis,  it  lies  between  the 
dorsal  nerve  and  deep  dorsal  vein,  the  former  being  on  its  lateral  side.  It  supplies 
the  integument  and  fibrous  sheath  of  the  corpus  cavernosum  penis,  sending  branches 
through  the  sheath  to  anastomose  with  the  preceding  vessel. 

The  internal  pudendal  artery  in  the  female  is  smaller  than  in  the  male.  Its  origin 
and  course  are  similar,  and  there  is  considerable  analogy  in  the  distribution  of  its 
branches.  The  perineal  artery  supplies  the  labia  pudendi;  the  artery  of  the  bulb 
supplies  the  bulbus  vestibuli  and  the  erectile  tissue  of  the  vagina;  the  deep  artery 
of  the  clitoris  supplies  the  corpus  cavernosum  clitoridis;  and  the  dorsal  artery  of 
the  clitoris  supplies  the  dorsum  of  that  organ,  and  ends  in  the  glans  and  prepuce 
of  the  clitoris. 

The  inferior  gluteal  artery  (a.  glutcea  inferior;  sciatic  artery)  (Fig.  563),  the 
larger  of  the  two  terminal  branches  of  the  anterior  trunk  of  the  hypogastric,  is 
distributed  chiefly  to  the  buttock  and  back  of  the  thigh.  It  passes  down  on  the 
sacral  plexus  of  nerves  and  the  Piriformis,  behind  the  internal  pudendal  artery, 
to  the  lower  part  of  the  greater  sciatic  foramen,  through  which  it  escapes  from  the 
pelvis  between  the  Piriformis  and  Coccygeus.  It  then  descends  in  the  interval 
between  the  greater  trochanter  of  the  femur  and  tuberosity  of  the  ischium,  accom¬ 
panied  by  the  sciatic  and  posterior  femoral  cutaneous  nerves,  and  covered  by  the 
Glutseus  maximus,  and  is  continued  down  the  back  of  the  thigh,  supplying  the 
skin,  and  anastomosing  with  branches  of  the  perforating  arteries. 

Inside  the  pelvis  it  distributes  branches  to  the  Piriformis,  Coccygeus,  and  Levator 
ani;  some  branches  which  supply  the  fat  around  the  rectum,  and  occasionally 
take  the  place  of  the  middle  hemorrhoidal  artery;  and  vesical  branches  to  the 
fundus  of  the  bladder,  vesiculae  seminales,  and  prostate.  Outside  the  pelvis  it  gives 
off  the  following  branches: 

Muscular.  Anastomotic. 

Coccygeal .  Articular. 

Comitans  Nervi  Ischiadici.  Cutaneous. 

The  Muscular  Branches  supply  the  Glutseus  maximus,  anastomosing  with  the 
superior  gluteal  artery  in  the  substance  of  the  muscle;  the  external  rotators, 
anastomosing  with  the  internal  pudendal  artery;  and  the  muscles  attached  to 
the  tuberosity  of  the  ischium,  anastomosing  with  the  posterior  branch  of  the 
obturator  and  the  medial  femoral  circumflex  arteries. 

The  Coccygeal  Branches  run  medialward,  pierce  the  sacrotuberous  ligament,  and 
supply  the  Glutseus  maximus,  the  integument,  and  other  structures  on  the  back 
of  the  coccyx. 

The  Arteria  Comitans  Nervi  Ischiadici  is  a  long,  slender  vessel,  w'hich  accom¬ 
panies  the  sciatic  nerve  for  a  short  distance;  it  then  penetrates  it,  and  runs  in  its 
substance  to  the  lower  part  of  the  thigh. 

The  Anastomotic  is  directed  downward  across  the  external  rotators,  and  assists 
in  forming  the  so-called  crucial  anastomosis  by  joining  with  the  first  perforating 
and  medial  and  lateral  femoral  circumflex  arteries. 

The  Articular  Branch,  generally  derived  from  the  anastomotic,  is  distributed  to 
the  capsule  of  the  hip-joint. 
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The  Cutaneous  Branches  are  distributed  to  the  skin  of  the  buttock  and  back  of 
the  thigh. 

The  iliolumbar  artery  (a.  iliolumbalis)  a  branch  of  the  posterior  trunk  of  the 
hypogastric,  turns  upward  behind  the  obturator  nerve  and  the  external  iliac  vessels, 
to  the  medial  border  of  the  Psoas  major,  behind  which  it  divides  into  a  lumbar  and 
an  iliac  branch. 

The  Lumbar  Branch  (ramus  lumbalis)  supplies  the  Psoas  major  and  Quadratus 
lumboruro,  anastomoses  with  the  last  lumbar  artery,  and  sends  a  small  spinal 
branch  through  the  intervertebral 
foramen  between  the  last  lumbar  ;  ^ 

vertebra  and  the  sacrum,  into  the  jT^ 

vertebral  canal,  to  supply  the 

cauda  equina.  ^  i  V  /j£ — \ 

The  Iliac  Branch  ( ramus  iliaous)  '  J 

descends  to  supply  the  Iliacus; 

some  offsets,  running  between  the  (y 

muscle  and  the  bone,  anastomose 
with  the  iliac  branches  of  tlie  ob¬ 
turator;  one  of  these  enters  an 
oblique  canal  to  supply  the  bone, 
while  others  run  along  the  crest  of 
the  ilium,  distributing  branches  to 
the  gluteal  and  abdominal  muscles, 
and  anastomosing  in  their  course 
with  the  superior  gluteal,  iliac 
circumflex,  and  lateral  femoral 
circumflex  arteries. 

The  lateral  sacral  arteries  (aa. 
morales  later  ales)  (Fig.  558)  arise 
from  the  posterior  division  of  the 
hypogastric;  there  are  usually  two, 
a  superior  and  an  inferior. 

The  superior,  of  large  size,  passes 
medialward,  and,  after  anastomos¬ 
ing  with  branches  from  the  middle 
sacral,  enters  the  first  or  second 
anterior  sacral  foramen,  supplies 
branches  to  the  contents  of  the 
sacral  canal,  and,  escaping  by  the 
corresponding  posterior  sacral  fora¬ 
men,  is  distributed  to  the  skirt  and 
muscles  on  the  dorsum  of  the 
sacrum,  anastomosing  with  the 
superior  gluteal. 

The  inferior  runs  obliquely  across 
the  front  of  the  Piriformis  and  the 
sacral  nerves  to  the  medial  side  of 
the  anterior  sacral  foramina,  de¬ 
scends  on  the  front  of  the  sacrum, 
and  anastomoses  over  the  coccyx 
with  the  middle  sacral  and  opposite 
lateral  sacral  artery.  In  its  course  it  gives  off  branches,  which  enter  the  anterior 
sacral  foramina;  these,  after  supplying  the  contents  of  the  sacral  canal,  escapes 
by  the  posterior  sacral  foramina,  and  are  distributed  to  the  muscles  and  skin  on 
the  dorsal  surface  of  the  sacrum,  anastomosing  with  the  gluteal  arteries. 
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The  superior  gluteal  artery  (a.  glutaea  superior;  gluteal  artery)  (Fig.  563)  is  the 
largest  branch  of  the  hypogastric,  and  appears  to  be  the  continuation  of  the  pos¬ 
terior  division  of  that  vessel.  It  is  a  short  artery  which  runs  backward  between 
the  lumbosacral  trunk  and  the  first  sacral  nerve,  and,  passing  out  of  the  pelvis 
above  the  upper  border  of  the  Piriformis,  immediately  divides  into  a  superficial 
and  a  deep  branch.  Within  the  pelvis  it  gives  off  a  few  branches  to  the  Iliacus, 
Piriformis,  and  Obturator  internus,  and  just  previous  to  quitting  that  cavity,  a 
nutrient  artery  which  enters  the  ilium. 

The  superficial  branch  enters  the  deep  surface  of  the  Gluteus  maximus,  and 
divides  into  numerous  branches,  some  of  which  supply  the  muscle  and  anastomose 
with  the  inferior  gluteal,  while  others  perforate  its  tendinous  origin,  and  supply 
the  integument  covering  the  posterior  surface  of  the  sacrum,  anastomosing  with 
the  posterior  branches  of  the  lateral  sacral  arteries. 

The  deep  branch  lies  under  the  Gluteus  medius  and  almost  immediately  sub¬ 
divides  into  two.  Of  these,  the  superior  division,  continuing  the  original  course 
of  the  vessel,  passes  along  the  upper  border  of  the  Gluteus  minimus  to  the  anterior 
superior  spine  of  the  ilium,  anastomosing  with  the  deep  iliac  circumflex  artery'  and 
the  ascending  branch  of  the  lateral  femoral  circumflex  artery.  The  inferior  division 
crosses  the  Gluteus  minimus  obliquely  to  the  greater  trochanter,  distributing 
branches  to  the  Glutei  and  anastomoses  with  the  lateral  femoral  circumflex  artery. 
Some  branches  pierce  the  Gluteus  minimus  and  supply  the  hip-joint. 


The  External  Iliac  Artery  (A.  Hiaca  Externa)  (Fig.  558). 

The  external  iliac  artery  is  larger  than  the  hypogastric,  and  passes  obliquely 
downward  and  lateralward  along  the  medial  border  of  the  Psoas  major,  from  the 
bifurcation  of  the  common  iliac  to  a  point  beneath  the  inguinal  ligament,  midway 
between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis,  where 
it  enters  the  thigh  and  becomes  the  femoral  artery. 

Relations. — In  front  and  medially ,  the  artery  is  in  relation  with  the  peritoneum,  subperitoneal 
areolar  tissue,  the  termination  of  the  ileum  and  frequently  the  vermiform  process  on  the  right 
side,  and  the  sigmoid  colon  on  the  left,  and  a  thin  layer  of  fascia,  derived  from  the  iliac  fascia, 
which  surrounds  the  artery  and  vein.  At  its  origin  it  is  crossed  by  the  ovarian  vessels  in  the 
female,  and  occasionally  by  the  ureter.  The  internal  spermatic  vessels  lie  for  some  distance 
upon  it  near  its  termination,  and  it  is  crossed  in  this  situation  by  the  external  spermatic  branch 
of  the  genitofemoral  nerve  and  the  deep  iliac  circumflex  vein;  the  ductus  deferens  in  the  male, 
and  the  round  ligament  of  the  uterus  in  the  female,  curve  down  across  its  medial  side.  Behind , 
it  is  in  relation  with  the  medial  border  of  the  Psoas  major,  from  which  it  is  separated  by  the 
iliac  fascia.  At  the  upper  part  of  its  course,  the  external  iliac  vein  lies  partly  behind  it,  but  lower 
down  lies  entirely  to  its  medial  side.  Laterally}  it  rests  against  the  Psoas  major,  from  which  it 
is  separated  by  the  iliac  fascia.  Numerous  lymphatic  vessels  and  lymph  glands  lie  on  the  front 
and  on  the  medial  side  of  the  vessel. 

Collateral  Circulation. — The  principal  anastomoses  in  carrying  on  the  collateral  circulation, 
after  the  application  of  a  ligature  to  the  external  iliac,  are:  the  iliolumbar  with  the  iliac  circum¬ 
flex;  the  superior  gluteal  with  the  lateral  femoral  circumflex;  the  obturator  with  the  medial  femoral 
circumflex;  the  inferior  gluteal  with  the  first  perforating  and  circumflex  branches  of  the  profunda 
artery;  and  the  internal  pudendal  with  the  external  pudendal.  When  the  obturator  arises  from 
the  inferior  epigastric,  it  is  supplied  with  blood  by  branches,  from  either  the  hypogastric,  the 
lateral  sacral,  or  the  internal  pudendal.  The  inferior  epigastric  receives  its  supply  from  the 
internal  mammary  and  lower  intercostal  arteries,  and  from  the  hypogastric  by  the  anastomoses 
of  its  branches  with  the  obturator.1 

Branches. — Besides  several  small  branches  to  the  Psoas  major  and  the  neighbor¬ 
ing  lymph  glands,  the  external  iliac  gives  off  two  branches  of  considerable  size: 

Inferior  Epigastric.  Deep  Iliac  Circumflex. 

1  Sir  Astley  Cooper  describes  in  Guy’s  Hospital  Reports,  vol.  1,  the  dissection  of  a  limb  eighteen  years  after  sucoeastful 
ligature  of  the  external  iliac  artery. 
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The  inferior  epigastric  artery  (a.  epigastrica  inferior ;  deep  epigastric  artery) 
(Fig.  566)  arises  from  the  external  iliac,  immediately  above  the  inguinal  ligament. 
It  curves  forward  in  the  subperitoneal  tissue,  and  then  ascends  obliquely  along 
the  medial  margin  of  the  abdominal  inguinal  ring;  continuing  its  course  upward, 
it  pierces  the  transversalis  fascia,  and,  passing  in  front  of  the  linea  semicircularis, 
ascends  between  the  Rectus  abdominis  and  the  posterior  lamella  of  its  sheath. 
It  finally  divides  into  numerous  branches,  which  anastomose,  above  the  umbilicus, 
with  the  superior  epigastric  branch  of  the  internal  mammary  and  with  the  lower 
intercostal  arteries  (Fig.  541).  As  the  inferior  epigastric  artery  passes  obliquely 
upward  from  its  origin  it  lies  along  the  lower  and  medial  margins  of  the  abdominal 
inguinal  ring,  and  behind  the  commencement  of  the  spermatic  cord.  The  ductus 
deferens,  as  it  leaves  the  spermatic  cord  in  the  male,  and  the  round  ligament  of  the 
uterus  in  the  female,  winds  around  the  lateral  and  posterior  aspects  of  the  artery. 

Branches. — The  branches  of  the  vessel  are :  the  external  spermatic  artery  ( cremasteric 
artery),  which  accompanies  the  spermatic  cord,  and  supplies  the  Cremaster  and 
other  coverings  of  the  cord,  anastomosing  with  the  internal  spermatic  artery  (in 
the  female  it  is  very  small  and  accompanies  the  round  ligament) ;  a  pubic  branch 
which  runs  along  the  inguinal  ligament,  and  then  descends  along  the  medial  margin 
of  the  femoral  ring  to  the  back  of  the  pubis,  and  there  anastomoses  with  the  pubic 
branch  of  the  obturator  artery;  muscular  branches,  some  of  which  are  distributed  to 
the  abdominal  muscles  and  peritoneum,  anastomosing  with  the  iliac  circumflex 
and  lumbar  arteries;  branches  which  perforate  the  tendon  of  the  Obliquus 
externus,  and  supply  the  integument,  anastomosing  with  branches  of  the  super¬ 
ficial  epigastric. 

Peculiarities. — The  origin  of  the  inferior  epigastric  may  take  place  from  any  part  of  the  external 
iliac  between  the  inguinal  ligament  and  a  point  6  cm.  above  it;  or  it  may  arise  below  this  ligament, 
from  the  femoral.  It  frequently  springs  from  the  external  iliac,  by  a  common  trunk  with  the 
obturator.  Sometimes  it  arises  from  the  obturator,  the  latter  vessel  being  furnished  by  the 
hypogastric,  or  it  may  be  formed  of  two  branches,  one  derived  from  the  external  iliac,  the  other 
from  the  hypogastric. 

The  deep  iliac  circumflex  artery  (a.  circumflexa  ilium  profunda)  arises  from  the 
lateral  aspect  of  the  external  iliac  nearly  opposite  the  inferior  epigastric  artery. 
It  ascends  obliquely  lateralward  behind  the  inguinal  ligament,  contained  in  a 
fibrous  sheath  formed  by  the  junction  of  the  transversalis  fascia  and  iliac  fascia, 
to  the  anterior  superior  iliac  spine,  where  it  anastomoses  with  the  ascending  branch 
of  the  lateral  femoral  circumflex  artery.  It  then  pierces  the  transversalis  fascia 
and  passes  along  the  inner  lip  of  the  crest  of  the  ilium  to  about  its  middle,  where 
it  perforates  the  Transversus,  and  runs  backward  between  that  muscle  and  the 
Obliquus  internus,  to  anastomose  with  the  iliolumbar  and  superior  gluteal  arteries. 
Opposite  the  anterior  superior  spine  of  the  ilium  it  gives  off  a  large  branch,  which 
ascends  between  the  Obliquus  internus  and  Transversus  muscles,  supplying  them, 
and  anastomosing  with  the  lumbar  and  inferior  epigastric  arteries. 

THE  ABTERIES  OF  THE  LOWER  EXTREMITY. 

The  artery  which  supplies  the  greater  part  of  the  lower  extremity  is  the  direct 
continuation  of  the  external  iliac.  It  runs  as  a  single  trunk  from  the  inguinal 
ligament  to  the  lower  border  of  the  Popliteus,  where  it  divides  into  two  branches, 
the  anterior  and  posterior  tibial.  The  upper  part  of  the  main  trunk  is  named  the 
femoral,  the  lower  part  the  popliteal. 

THE  FEMORAL  ARTERY  (A.  FEMORALIS)  (Figs.  568,  569). 

The  femoral  artery  begins  immediately  behind  the  inguinal  ligament,  midway 
between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis,  and 
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passes  down  the  front  and  medial  side  of  the  thigh.  It  ends  at  the  junction  of  the 
middle  with  the  lower  third  of  the  thigh,  where  it  passes  through  an  opening  in 
the  Adductor  rnagnus  to  become  the  popliteal  artery.  The  vessel,  at  the  upper  part 
of  the  thigh,  lies  in  front  of  the  hip-joint;  in  the  lower  part  of  its  course  it  lies  to 
the  medial  side  of  the  body  of  the  femur,  and  between  these  two  parts,  where  it 
crosses  the  angle  between  the  head  and  body,  the  vessel  is  some  distance  from  the 
bone.  The  first  4  cm.  of  the  vessel  is  enclosed,  together  with  the  femoral  vein, 
in  a  fibrous  sheath — the  femoral  sheath.  In  the  upper  third  of  the  thigh  the  femoral 
artery  is  contained  in  the  femoral  triangle  (Scarpa's  triangle %  and  in  the  middle 
third  of  the  thigh,  in  the  adductor  canal  (Hunters  canal). 

The  femoral  sheath  (crural  sheath )  (Figs.  564,  505)  is  formed  by  a  prolongation 
downward,  behind  the  inguinal  ligament,  of  the  fascia?  which  line  the  abdomen, 
the  transversalis  fascia  being  continued  down  in  front  of  the  femoral  vessels  and 
the  iliac  fascia  behind  them.  The  sheath  assumes  the  form  of  a  short  funnel,  the 
wide  end  of  which  is  directed  upward,  while  the  lower,  narrow  end  fuses  with  the 
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fascial  investment  of  the  vessels,  about  4  cm.  below'  the  inguinal  ligament.  It  is 
strengthened  in  front  by  a  band  termed  the  deep  crural  arch  (page  420),  The  lateral 
wall  of  the  sheath  is  vertical  and  is  perforated  by  the  lumboinguinal  nerve;  the 
medial  wall  is  directed  obliquely  downw  ard  and  lateralward,  and  is  pierced  by  the 
great  saphenous  vein  and  by  some  lymphatic  vessels.  The  sheath  is  divided  by 
two  vertical  partitions  which  stretch  between  its  anterior  and  posterior  walls. 
The  lateral  compartment  contains  the  femoral  artery,  and  the  intermediate  the 
femoral  vein,  while  the  medial  and  smallest  compartment  is  named  the  femoral 
canal,  and  contains  some  lymphatic  vessels  and  a  lymph  gland  imbedded  in  a  small 
amount  of  areolar  tissue.  The  femoral  canal  is  conical  and  measures  about  1.25 
crn.  in  length.  Its  base,  directed  upward  and  named  the  femoral  ring,  is  oval  in 
form,  its  long  diameter  being  directed  transversely  and  measuring  about  1.25  cm. 
The  femoral  ring  (Figs.  565*  566)  is  bounded  in  front  by  the  inguinal  ligament, 
bfMnd  by  the  Peetineus  covered  by  the  pectineal  fascia,  medially  by  the  crescentic 
base  of  the  lacunar  ligament,  and  laterally  by  the  fibrous  septum  on  the  medial 
side  of  the  femoral  vein.  The  spermatic  cord  in  the  male  and  the  round  ligament 
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of  the  uterus  in  the  female  lie  immediately  above  the  anterior  margin  of  the  ring, 
while  the  inferior  epigastric  vessels  are  close  to  its  upper  and  lateral  angle.  The 
femoral  ring  is  closed  by  a  somewhat  condensed  portion  of  the  extraperitoneal 
fatty  tissue,  named  the  septum  femoraie  (crural  septum. :),  the  abdominal  surface 
of  which  supports  a  small  lymph  gland  and  is  covered  by  the  parietal  layer  of  the 
peritoneum.  The  septum  femoraie  is  pierced  by  numerous  lymphatic  vessels 
passing  from  the  deep  inguinal  to  the  external  iliac  lymph  glands,  and  the  parietal 
peritoneum  immediately  above  it  presents  a  slight  depression  named  the  femoral 
fossa. 
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The  femoral  triangle  (triganuni  femoraie;  Scarpa's  triangle)  (Fig.  568)  corre¬ 
sponds  to  the  depression  seen  immediately  below  the  fold  of  the  groin.  Its  apex 
is  directed  downward,  and  the  sides  are  formed  laterally  by  the  medial  margin 
of  the  Sartorius,  medially  by  the  medial  margin  of  the  Adductor  longus,  anti  above 
by  the  inguinal  ligament.  The  floor  of  the  space  is  formed  from  its  lateral  to  its 
medial  side  by  the  Iliaeur.,  Psoas  major,  Pectineus,  in  some  cases  a  small  part  of 
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the  Adductor  brevis,  and  the  Adductor  longus;  and  it  is  divided  into  two  nearly 
etjual  parts  by  the  femoral  vessels,  which  extend  from  near  the  middle  of  its  base 
to  its  apex:  the  artery  giving  off  in  this  situation  its  superficial  and  profunda 
branches,  the  vein  receiving  the  deep  femoral  and  great  saphenous  tributaries. 
On  the  lateral  side  of  the  femoral  artery  is  the  femoral  nerve  dividing  into  its 
branches.  Besides  the  vessels  and  nerves,  this  space  contains  some  fat  and 
lymphatics. 

The  adductor  canal  (canatis  adductorim;  Hunters  canal)  is  an  aponeurotic 
tunnel  in  the  middle  third  of  the  thigh,  extending  from  the  apex  of  the  femoral 
triangle  to  the  opening  in  the  Adductor  magnus.  It  is  bounded,  in  front  and  later¬ 
ally,  by  the  Vastus  medial  is;  behind  by  the  Adductores  longus  and  magnus;  and 
is  covered  in  by  a  strong  aponeurosis  which  extends  from  the  Vastus  medial  is, 
across  the  femoral  vessels  to  the  Adductores  longus  and  magnus;  lying  on  the 
aponeurosis  is  the  Sartorius  muscle.  The  canal  contains  the  femoral  artery  and 
vein,  the  saphenous  nerve,  and  the  nerve  to  the  Vastus  mcdialis. 
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Relations  of  the  Femoral  Artery.— In  the  femoral  triangle  (Fig.  5GS)  the  art ery  is  superficial. 
In  front  of  it  are  the  skin  and  superficial  fascia,  the  superficial  subinguinal  lymph  glands,  the 
superficial  iliac  circumflex  vein,  the  superficial  layer  of  the  fascia  lata  and  the  anterior  part-  of 
the  femoral  sheath.  The  Imnboingxiinal  nerve  courses  for  a  short  distance  within  the  lateral 
compartment  of  the  femoral  sheath,  and  lies  at  first  in  front  and  then  lateral  to  the  artery.  Near 
the  apex  of  the  femoral  triangle  the  medial  branch  of  the  anterior  femoral  cutaneous  nerve 
crosses  the  artery  from  its  lateral  to  its  medial  aide. 
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Behind  the  artery  are  the  posterior  part  of  the  femoral  sheath,  the  pectineal  fascia,  the  medial 
part  of  the  tendon  of  the  Psoas  major,  the  Pectin  eus  and  the  Adductor  longus.  The  artery  is 
separated  from  the  capsule  of  the;  hip-joint  by  the  tendon  of  the  Psoas  major,  from  the  Pectineus 
by  the  femoral  vein  and  profunda  vessels,  and  from  the  Adductor  longus  by  the  femoral  vein. 
The  nerve  to  the  Pectineus  passes  medial  ward  behind  the  artery.  On  the  lateral  side  of  the 
artery,  but  separated  from  it  by  some  fibers  of  the  Psoas  major,  is  the  femoral  nerve.  The  femoral 
vein  is  on  the  medial  side  of  the  upper  part  of  the  artery,  but  is  behind  the  vessel  in  the  lower 
pan  of  the  femoral  triangle. 
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In  the  adductor  canal  (Fig.  569)  the  femoral  artery  is  more,  deeply  situated,  being  covered  by 
the  integument,  the  superficial  and  deep  fascia?,  the  Sartorius  and  the  fibrous  roof  of  the  canal; 
the  saphenous  nerve  crosses  from  its  lateral  to  its  medial  side.  Behind  the  artery  are  the  Adduc* 
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tores  longus  and  m&gnus;  in  front  and  lateral  to  it  is  the  Vastus  medialis.  The  femoral  vein 
lies  posterior  to  the  upper  part,  and  lateral  to  the  lower  part  of  the  artery. 

Peculiarities. — Several  cases  are  recorded  in  which  the  femoral  artery  divided  into  two  trunks 
below  the  origin  of  the  profunda,  and  became  reunited  near  the  opening  in  the  Adductor  magnus, 
so  as  to  form  a  single  popliteal  artery.  One  occurred  in  a  patient  who  was  operated  upon  for 
popliteal  aneurism.  A  few  cases  have  been  recorded  in  which  the  femoral  artery  was  absent, 
its  place  being  supplied  by  the  inferior  gluteal  artery  which  accompanied  the  sciatic  nerve  to  the 
popliteal  fossa.  The  external  iliac  in  these  cases  was  small,  and  terminated  in  the  profunda. 
The  femoral  vein  is  occasionally  placed  along  the  medial  side  of  the  artery  throughout  the  entire 
extent  of  the  femoral  trangle;  or  it  may  be  split  so  that  a  large  vein  is  placed  on  either  side  of 
the  artery  for  a  greater  or  lesser  distance. 

ColUteral  Circulation. — After  ligature  of  the  femoral  artery,  the  main  channels  for  carrying 
on  the  circulation  are  the  anastomoses  between — (1)  the  superior  and  inferior  gluteal  branches 
of  the  hypogastric  with  the  medial  and  lateral  femoral  circumflex  and  first  perforating  branches 
of  the  profunda  femoris;  (2)  the  obturator  branch  of  the  hypogastric  with  the  medial  femoral 
circumflex  of  the  profunda;  (3)  the  internal  pudendal  of  the  hypogastric  with  the  superficial 
and  deep  external  pudendal  of  the  femoral;  (4)  the  deep  iliac  circumflex  of  the  external  iliac  with 
the  lateral  femoral  circumflex  of  the  profunda  and  the  superficial  iliac  circumflex  of  the  femoral, 
and  (5)  the  inferior  gluteal  of  the  hypogastric  with  the  perforating  branches  of  the  profunda. 

Branches. — The  branches  of  the  femoral  artery  are: 

Superficial  Epigastric.  Deep  External  Pudendal. 

Superficial  Iliac  Circumflex.  Muscular. 

Superficial  External  Pudendal.  Profunda  Femoris. 

Highest  Genicular. 

The  superficial  epigastric  artery  (a.  epigastrica  superficialis )  arises  from  the 
front  of  the  femoral  artery  about  1  cm.  below  the  inguinal  ligament,  and,  passing 
through  the  femoral  sheath  and  the  fascia  cribrosa,  turns  upward  in  front  of  the 
inguinal  ligament,  and  ascends  between  the  two  layers  of  the  superficial  fascia  of 
the  abdominal  wall  nearly  as  far  as  the  umbilicus.  It  distributes  branches  to  the 
superficial  subinguinal  lymph  glands,  the  superficial  fascia,  and  the  integument; 
it  anastomoses  with  branches  of  the  inferior  epigastric,  and  with  its  fellow  of  the 
opposite  side. 

The  superficial  iliac  circumflex  artery  (a.  circumflexa  ilium  superficialis),  the 
smallest  of  the  cutaneous  branches,  arises  close  to  the  preceding,  and,  piercing 
the  fascia  lata,  runs  lateralward,  parallel  with  the  inguinal  ligament,  as  far  as  the 
crest  of  the  ilium;  it  divides  into  branches  which  supply  the  integument  of  the 
groin,  the  superficial  fascia,  and  the  superficial  subinguinal  lymph  glands,  anas¬ 
tomosing  with  the  deep  iliac  circumflex,  the  superior  gluteal  and  lateral  femoral 
circumflex  arteries. 

The  superficial  external  pudendal  artery  (a.  pudenda  externa  superficialis; 
superficial  external  pudic  artery)  arises  from  the  medial  side  of  the  femoral  artery, 
close  to  the  preceding  vessels,  and,  after  piercing  the  femoral  sheath  and  fascia 
cribrosa,  courses  medialward,  across  the  spermatic  cord  (or  round  ligament  in  the 
female),  to  be  distributed  to  the  integument  on  the  lower  part  of  the  abdomen, 
the  penis  and  scrotum  in  the  male,  and  the  labium  majus  in  the  female,  anasto¬ 
mosing  with  branches  of  the  internal  pudendal. 

The  deep  external  pudendal  artery  (a.  pudenda  externa  profunda;  deep  external 
pudic  artery ),  more  deeply  seated  than  the  preceding,  passes  medialward  across 
the  Pectineus  and  the  Adductor  longus  muscles;  it  is  covered  by  the  fascia  lata, 
which  it  pierces  at  the  mpdial  side  of  the  thigh,  and  is  distributed,  in  the  male, 
to  the  integument  of  the  scrotum  and  perineum,  in  the  female  to  the  labium  majus; 
its  branches  anastomose  with  the  scrotal  (or  labial)  branches  of  the  perineal  artery. 

Muscular  branches  ( rami  musculares)  are  supplied  by  the  femoral  artery  to  the 
Sartorius,  Vastus  medialis,  and  Adductores. 

The  profunda  femoris  artery  (a.  profunda  femoris;  deep  femoral  artery)  (Fig. 
569)  is  a  large  vessel  arising  from  the  lateral  and  back  part  of  the  femoral  artery, 
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from  2  to  5  cm.  below  the  inguinal  ligament.  At  first  it  lies  lateral  to  the  femoral 
artery;  it  then  runs  behind  it  and  the  femoral  vein  to  the  medial  side  of  the  femur, 
and,  passing  downward  behind  the  Adductor  longus,  ends  at  the  lower  third  of  the 
thigh  in  a  small  branch,  which  pierces  the  Adductor  magnus,  and  is  distributed 
on  the  back  of  the  thigh  to  the  hamstring  muscles.  The  terminal  part  of  the  pro¬ 
funda  is  sometimes  named  the  fourth  perforating  artery. 

Relations. — Behind  it,  from  above  downward,  are  the  Iliacus,  Pectineus,  Adductor  brevis, 
and  Adductor  magnus.  In  front  it  is  separated  from  the  femoral  artery  by  the  femoral  and  pro¬ 
funda  veins  above  and  by  the  Adductor  longus  below.  Laterally ,  the  origin  of  the  Vastus  medialia 
intervenes  between  it  and  the  femur. 

Peculiarities. — This  vessel  sometimes  arises  from  the  medial  side,  and,  more  rarely,  from  the 
back  of  the  femoral  artery;  but  a  more  important  peculiarity,  from  a  surgical  point  of  view,  is 
that  relating  to  the  height  at  which  the  vessel  arises.  In  three-fourths  of  a  large  number  of  cases 
it  arose  from  2.25  to  5  cm.  below  the  inguinal  ligament;  in  a  few  cases  the  distance  was  less  than 
2.25  cm.;  more  rarely,  opposite  the  ligament;  and  in  one  case  above  the  inguinal  ligament,  from 
the  external  iliac.  Occasionally  the  distance  between  the  origin  of  the  vessel  and  the  inguinal 
ligament  exceeds  5  cm. 

Branches. — The  profunda  gives  off  the  following  branches : 

Lateral  Femoral  Circumflex.  Perforating. 

Medial  Femoral  Circumflex.  Muscular. 

The  Lateral  Femoral  Circumflex  Artery  (a.  circumflexa  femoris  lateralis;  external 
circumflex  artery)  arises  from  the  lateral  side  of  the  profunda,  passes  horizontally 
between  the  divisions  of  the  femoral  nerve,  and  behind  the  Sartorius  and  Rectus 
femoris,  and  divides  into  ascending,  transverse,  and  descending  branches. 

The  ascending  branch  passes  upward,  beneath  the  Tensor  fasciae  latae,  to  the 
lateral  aspect  of  the  hip,  and  anastomoses  with  the  terminal  branches  of  the  superior 
gluteal  and  deep  iliac  circumflex  arteries. 

The  descending  branch  runs  downward,  behind  the  Rectus  femoris,  upon  the 
Vastus  lateralis,  to  which  it  gives  offsets;  one  long  branch  descends  in  the  muscle 
as  far  as  the  knee,  and  anastomoses  with  the  superior  lateral  genicular  branch  of 
the  popliteal  artery.  It  is  accompanied  by  the  branch  of  the  femoral  nerve  to  the 
Vastus  lateralis. 

The  transverse  branch,  the  smallest,  passes  lateralward  over  the  Vastus  inter- 
medius,  pierces  the  Vastus  lateralis,  and  winds  around  the  femur,  just  below  the 
greater  trochanter,  anastomosing  on  the  back  of  the  thigh  with  the  medial  femoral 
circumflex,  inferior  gluteal,  and  first  perforating  arteries. 

The  Medial  Femoral  Circumflex  Artery  (a.  circumflexa  femoris  medialis ;  internal 
circumflex  artery)  arises  from  the  medial  and  posterior  aspect  of  the  profunda, 
and  winds  around  the  medial  side  of  the  femur,  passing  first  between  the  Pectineus* 
and  Psoas  major,  and  then  between  the  Obturator  externus  and  the  Adductor 
brevis.  At  the  upper  border  of  the  Adductor  brevis  it  gives  off  two  branches: 
one  is  distributed  to  the  Adductores,  the  Gracilis,  and  Obturator  externus,  and 
anastomoses  with  the  obturator  artery;  the  other  descends  beneath  the  Adductor 
brevis,  to  supply  it  and  the  Adductor  magnus;  the  continuation  of  the  vessel 
passes  backward  and  divides  into  superficial,  deep,  and  acetabular  branches.  The 
superficial  branch  appears  between  the  Quadratus  femoris  and  upper  border  of  the 
Adductor  magnus,  and  anastomoses  with  the  inferior  gluteal,  lateral  femoral 
circumflex,  and  first  perforating  arteries  {crucial  anastomosis).  The  deep  branch 
runs  obliquely  upward  upon  the  tendon  of  the  Obturator  externus  and  in  front 
of  the  Quadratus  femoris  toward  the  trochanteric  fossa,  where  it  anastomoses 
with  twigs  from  the  gluteal  arteries.  The  acetabular  branch  arises  opposite  the 
acetabular  notch  and  enters  the  hip-joint  beneath  the  transverse  ligament  in  com¬ 
pany  with  an  articular  branch  from  the  obturator  artery;  it  supplies  the  fat  in  the 
bottom  of  the  acetabulum,  and  is  continued  along  the  round  ligament  to  the  head 
of  the  femur. 
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The  Perforating  Arteries  (Fig.  563),  usually  three  in  number,  are  so  named  because 
they  perforate  the  tendon  of  the  Adductor  magnus  to  reach  the  back  of  the  thigh. 
They  pass  backward  close  to  the  linea  aspera  of  the  femur  under  cover  of  small 
tendinous  arches  in  the  muscle.  The  first  is  given  off  above  the  Adductor  brevis, 
the  second  in  front  of  that  muscle,  and  the  third  immediately  below  it. 

The  first  perforating  artery  (a.  perforans  prima )  passes  backward  between  the  Pec- 
tineus  and  Adductor  brevis  (sometimes  it  perforates  the  latter);  it  then  pierces 
the  Adductor  magnus  close  to  the  linea  aspera.  It  gives  branches  to  the  Adductores 
brevis  and  magnus,  Biceps  femoris,  and  Gluteus  maximus,  and  anastomoses  with 
the  inferior  gluteal,  medial  and  lateral  femoral  circumflex  and  second  perforating 
arteries. 

The  second  perforating  artery  (a.  perforans  secunda),  larger  than  the  first,  pierces 
the  tendons  of  the  Adductores  brevis  and  magnus,  and  divides  into  ascending 
and  descending  branches,  which  supply  the  posterior  femoral  muscles,  anasto¬ 
mosing  with  the  first  and  third  perforating.  The  second  artery  frequently  arises 
in  common  with  the  first.  The  nutrient  artery  of  the  femur  is  usually  given  off 
from  the  second  perforating  artery;  when  two  nutrient  arteries  exist,  they  usually 
spring  from  the  first  and  third  perforating  vessels. 

The  third  perforating  artery  (a.  perforans  tertia )  is  given  off  below  the  Adductor 
brevis;  it  pierces  the  Adductor  magnus,  and  divides  into  branches  which  supply 
the  posterior  femoral  muscles;  anastomosing  above  with  the  higher  perforating 
arteries,  and  below  with  the  terminal  branches  of  the  profunda  and  the  muscular 
branches  of  the  popliteal.  The  nutrient  artery  of  the  femur  may  arise  from  this 
branch.  The  termination  of  the  profunda  artery,  already  described,  is  sometimes 
termed  the  fourth  perforating  artery. 

Numerous  muscular  branches  arise  from  the  profunda;  some  of  these  end  in  the 
Adductores,  others  pierce  the  Adductor  magnus,  give  branches  to  the  hamstrings, 
and  anastomose  with  the  medial  femoral  circumflex  artery  and  with  the  superior 
muscular  branches  of  the  popliteal. 

The  highest  genicular  artery  (a.  genu  suprema;  anastomotica  magna  artery)  (Fig. 
569)  arises  from  the  femoral  just  before  it  passes  through  the  opening  in  the 
tendon  of  the  Adductor  magnus,  and  immediately  divides  into  a  saphenous  and  a 
musculo-articular  branch. 

The  saphenous  branch  pierces  the  aponeurotic  covering  of  the  adductor  canal, 
and  accompanies  the  saphenous  nerve  to  the  medial  side  of  the  knee.  It  passes 
between  the  Sartorius  and  Gracilis,  and,  piercing  the  fascia  lata,  is  distributed  to 
the  integument  of  the  upper  and  medial  part  of  the  leg,  anastomosing  with  the 
medial  inferior  genicular  artery. 

The  musculo-articular  branch  descends  in  the  substance  of  the  Vastus  medialis, 
and  in  front  of  the  tendon  of  the  Adductor  magnus,  to  the  medial  side  of  the  knee, 
where  it  anastomoses  with  the  medial  superior  genicular  artery  and  anterior  recur¬ 
rent  tibial  artery.  A  branch  from  this  vessel  crosses  above  the  patellar  surface 
of  the  femur,  forming  an  anastomotic  arch  with  the  lateral  superior  genicular 
artery,  and  supplying  branches  to  the  knee-joint. 


THE  POPLITEAL  FOSSA  (Fig.  570). 

Boundaries. — The  popliteal  fossa  or  space  is  a  lozenge-shaped  space,  at  the 
back  of  the  knee-joint.  Laterally  it  is  bounded  by  the  Biceps  femoris  above, 
and  by  the  Plantaris  and  the  lateral  head  of  the  Gastrocnemius  below;  medially 
it  is  limited  by  the  Semitendinous  and  Semimembranosus  above,  and  by  the  medial 
head  of  the  Gastrocnemius  below.  The  floor  is  formed  by  the  popliteal  surface 
of  the  femur,  the  oblique  popliteal  ligament  of  the  knee-joint,  the  upper  end  of  the 
tibia,  and  the  fascia  covering  the  Popliteus;  the  fossa  is  covered  in  by  the  fascia  lata. 
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Contents. — The  popliteal  fossa  contains  the  popliteal  vessels,  the  tibial  and  tbe 
common  peroneal  nerves,  the  termination  of  the  small  saphenous  vein,  the  lower 
part  of  the  posterior  femoral  cutaneous  nerve,  the  articular  branch  from  the  obtur¬ 
ator  nerve,  a  few  small  lymph  glands,  and 
a  considerable  quantity  of  fat.  The  tibial 
nerve  descends  through  the  middle  of  the 
fossa,  lying  under  the  deep  fascia  and  cross¬ 
ing  the  vessels  posteriorly  from  the  lateral 
to  the  medial  side.  The  common  peroneal 
nerve  descends  on  the  lateral  side  of  the 
upper  part  of  the  fossa,  close  to  the  tendon 
of  the  Biceps  femoris,  On  the  floor  of  the 
fossa  are  the  popliteal  vessels,  the  vein 
being  superficial  to  the  artery  and  united 
to  it  by  dense  areolar  tissue;  the  vein  is  a 
thick-walled  vessel,  and  lies  at  first  lateral 
to  the  artery,  and  then  crosses  it  posteriorly 
to  gain  its  medial  side  below;  sometimes 
it  is  double,  the  artery  lying  between  the 
two  veins,  which  are  usually  connected  by 
short  transverse  branches.  The  articular 
branch  from  the  obturator  nerve  descends 
upon  the  artery  to  the  knee-joint.  Tbe 
popliteal  lymph  glands,  six  or  seven  in 
number,  are  imbedded  in  the  fat;  one  lies 
beneath  the  popliteal  fascia  near  the  temii- 
nation  of  the  external  saphenous  vein, 
another  between  the  popliteal  artery  and 
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the  back  of  the  knee-joint,  w 
are  placed  at  the  sides  of  the  popliteal 
vessel.  Arising  from  the  artery,  and  pass¬ 
ing  off  from  it  at  right  angles,  are  its  genic- 
ular  branches. 


The  Popliteal  Artery  (A.  Poplitea)  (Fig.  570). 

The  popliteal  artery  is  the  continuation  of 
the  femoral,  and  courses  through  the  poplit¬ 
eal  fossa.  It  extends  from  the  opening  in 
the  Adductor  magnus,  at  the  junction  of  the 
middle  and  lower  thirds  of  the  thigh,  down¬ 
ward  and  lateralward  to  the  intercondyloid 
fossa  of  the  femur,  arid  then  vertically  down¬ 
ward  to  the  lower  border  of  the  Popliteus, 
where  it  divides  into  anterior  and  posterior 
tibial  arteries. 

Relations.— In  front  of  the  artery  from  above 
downward  are  the  popliteal  surface  of  the  femur 
(which  is  separated  from  the  vessel  by  some  fats 
the  back  of  the  knee-joint,  and  the  fascia  cover¬ 
ing  the  Popliteus.  Behind ,  it  is  overlapped  by  the 
Semimembranosus  above,  and  is  covered  by  the 
Gastrocnemius  and  Plantaris  below.  Lq  the  middle 
part  of  its  course  the  artery  is  separated  from  the 
integument  and  fasciae  by  a  quantity  of  fat,  and  is 
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Fig,  570. — The  popliteal,  posterior  tibial,  and 
peroneal  arteries. 
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erased  from  the  lateral  to  the  medial  side  by  the  tibial  nerve  and  the  popliteal  vein,  the  vein 
being  between  the  nerve  and  the  artery  and  closely  adherent  to  the  latter.  On  its  lateral  side, 
above,  are  the  Biceps  femoris,  the  tibial  nerve,  the  popliteal  vein,  and  the  lateral  condyle  of  the 
femur;  below,  the  Plantaris  and  the  lateral  head  of  the  Gastrocnemius.  On  its  medial  side,  above, 
are  the  Semimembranosus  and  the  medial  condyle  of  the  femur;  below,  the  tibial  nerve,  the 
popliteal  vein,  and  the  medial  head  of  the  Gastrocnemius.  The  relations  of  the  popliteal  lymph 
glands  to  the  artery  are  described  above. 

Peculiarities  in  Point  of  Division. — Occasionally  the  popliteal  artery  divides  into  its  terminal 
branches  opposite  the  knee-joint.  The  anterior  tibial  under  these  circumstances  usually  passes 
in  front  of  the  Popliteus. 

Unusual  Branches. — The  artery  sometimes  divides  into  the  anterior  tibial  and  peroneal,  the 
posterior  tibial  being  wanting,  or  very  small.  Occasionally  it  divides  into  three  branches,  the 
anterior  and  posterior  tibial,  and  peroneal. 


Branches. — The  branches  of  the  popliteal  artery  are: 


,  /  Superior 

Muscular  j 

Cutaneous. 

Medial  Superior  Genicular 


Lateral  Superior  Genicular. 
Middle  Genicular. 

Medial  Inferior  Genicular. 
Lateral  Inferior  Genicular. 


The  superior  muscular  branches,  two  or  three  in  number,  arise  from  the  upper 
part  of  the  artery,  and  are  distributed  to  the  lower  parts  of  the  Adductor  magnus 
and  hamstring  muscles,  anastomosing  with  the  terminal  part  of  the  profunda 
femoris. 

The  sural  arteries  (oa.  surales;  inferior  muscular  arteries)  are  two  large  branches, 
which  are  distributed  to  the  Gastrocnemius,  Soleus,  and  Plantaris.  They  arise 
from  the  popliteal  artery  opposite  the  knee-joint. 

The  cutaneous  branches  arise  either  from  the  popliteal  artery  or  from  some  of 
its  branches;  they  descend  between  the  two  heads  of  the  Gastrocnemius,  and, 
piercing  the  deep  fascia,  are  distributed  to  the  skin  of  the  back  of  the  leg.  One 
branch  usually  accompanies  the  small  saphenous  vein. 

The  superior  genicular  arteries  (aa.  genu  superior es;  superior  articular  arteries) 
(Figs.  569,  570),  two  in  number,  arise  one  on  either  side  of  the  popliteal,  and  wind 
around  the  femur  immediately  above  its  condyles  to  the  front  of  the  knee-joint.  The 
medial  superior  genicular  runs  in  front  of  the  Semimembranosus  and  Semitendinosus, 
above  the  medial  head  of  the  Gastrocnemius,  and  passes  beneath  the  tendon  of  the 
Adductor  magnus.  It  divides  into  two  branches,  one  of  which  supplies  the  Vastus 
medialis,  anastomosing  with  the  highest  genicular  and  medial  inferior  genicular 
arteries;  the  other  ramifies  close  to  the  surface  of  the  femur,  supplying  it  and  the 
knee-joint,  and  anastomosing  with  the  lateral  superior  genicular  artery.  The  medial 
superior  genicular  artery  is  frequently  of  small  size,  a  condition,  which  is  associated 
with  an  increase  in  the  size  of  the  highest  genicular.  The  lateral  superior  genicular 
passes  above  the  lateral  condyle  of  the  femur,  beneath  the  tendon  of  the  Biceps 
femoris,  and  divides  into  a  superficial  and  a  deep  branch;  the  superficial  branch 
supplies  the  Vastus  lateralis,  and  anastomoses  w  ith  the  descending  branch  of  the 
lateral  femoral  circumflex  and  the  lateral  inferior  genicular  arteries;  the  deep 
branch  supplies  the  lower  part  of  the  femur  and  knee-joint,  and  forms  an  anasto¬ 
motic  arch  across  the  front  of  the  bone  with  the  highest  genicular  and  the  medial 
inferior  genicular  arteries. 

The  middle  genicular  artery  (a.  genu  media;  azygos  articular  artery)  is  a  small 
branch,  arising  opposite  the  back  of  the  knee-joint.  It  pierces  the  oblique  popliteal 
ligament,  and  supplies  the  ligaments  and  synovial  membrane  in  the  interior  of 
the  articulation. 

The  inferior  genicular  arteries  (oa.  genu  inferiores;  inferior  articular  arteries)  (Figs. 
569,  570),  two  in  number,  arise  from  the  popliteal  beneath  the  Gastrocnemius.  The 
medial  inferior  genicular  first  descends  along  the  upper  margin  of  the  Popliteus,  to 
which  it  gives  branches;  it  then  passes  below  the  medial  condyle  of  the  tibia,  beneath 
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the  tibial  collateral  ligament,  at  the  anterior  border  of  which  it  ascends  to  the  front 
and  medial  side  of  the  joint,  to  supply  the  upper  end  of  the  tibia  and  the  articula¬ 
tion  of  the  knee,  anastomosing  with  the  lateral  inferior  and  medial  superior  genic¬ 
ular  arteries.  The  lateral  inferior  genicular  runs  lateralward  above  the  head  of  the 
fibula  to  the  front  of  the  knee-joint,  passing  in  its  course  beneath  the  lateral  head 
of  the  Gastrocnemius,  the  fibular  collateral  ligament,  and  the  tendon  of  the  Biceps 
femoris.  It  ends  by  dividing  into  branches,  which  anastomose  with  the  medial 
inferior  and  lateral  superior  genicular  arteries,  and  with  the  anterior  recurrent 
tibial  artery. 

f  1  t  §  M - —  Highest  genicular 

Descending  branch  of  1  L  fijl 

lateral  femoral  circurn flex  1  F  ;ljl\ 

I  li  .■arl  \ 

I _ Musculo-oriicular  branch  of 

%[  Ss’41  I  highest  genicular 

Kf~- — V - Saphenous  branch  of  highest 

|ra:  \  JL  \  genicular 

^  \  - Medial  superior  genicular 

IxUeral  superior  genicular - PJ  %  M 


Lateral  inferior  gentcufar 


Medial  inferior  genicular 


Fibular 


Anterior  recurrent  tibial 


A  ntenor  t  ibial 


Fu*.  oil. — Circumpatellnr  anastomosis 


The  Anastomosis  Around  the  Knee-joint  (Fig.  571). — Around  and  above  the  patella, 
and  on  the  contiguous  ends  of  the  femur  and  tibia,  is  an  intrica  te  net- work  of  vessels 
forming  a  superficial  and  a  deep  plexus.  The  superficial  plexus  is  situated  between 
the  fascia  and  skin  around  about  the  patella,  and  forms  three  well-defined  arches: 
one,  above  the  upper  border  of  the  patella,  in  the  loose  connective  tissue  over  the 
Quadriceps  femoris;  the  other  two,  below  the  level  of  the  patella,  are  situated  in 
the  fat  behind  the  ligamentum  patellae.  The  deep  plexus,  which  forms  a  close 
net-work  of  vessels,  lies  on  the  lower  end  of  the  femur  and  upper  end  of  the  tibia 
around  their  articular  surfaces,  and  sends  numerous  offsets  into  the  interior  of  die 
joint.  The  arteries  which  form  this  plexus  are  the  two  medial  and  the  two  lateral 
genicular  branches  of  the  popliteal,  the  highest  genicular,  the  descending  branch 
of  the  lateral  femoral  circumflex,  and  the  anterior  recurrent  tibial. 


The  Anterior  Tibial  Artery  (A.  Tibialis  Anterior)  (Fig.  372). 

The  anterior  tibial  artery  commences  at  the  bifurcation  of  the  popliteal,  at  the 
lower  border  of  the  Popliteus,  passes  forward  between  the  tw  o  heads  of  the  Tibialis 
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posterior,  and  through  the  aperture  above  the  upper  border  of  the  interosseous 
membrane,  to  the  deep  part  of  the  front  of  the  leg:  it  here  lies  close  to  the  medial 
side  of  the  neck  of  the  fibula.  It  then  descends  on  the  anterior  surface  of  the  inter¬ 
osseous  membrane,  gradually  approaching  the  tibia;  at  the  lower  part  of  the  leg 
it  lies  on  this  bone,  and  then  on  the  front  of  the  ankle-joint,  where  it  is  more 
superficial,  and  becomes  the  dorsalis  pedis. 

ReUtums. — In  the  upper  two-thirds  of  its  extent,  the  anterior  tibial  artery  rests  upon  the  inter¬ 
osseous  membrane;  in  the  lower  third,  upon  the  front  of  the  tibia,  and  the  anterior  ligament  of 
the  ankle-joint.  In  the  upper  third  of  its  course,  it  lies  between  the  Tibialis  anterior  and  Extensor 
digitorum  longus;  in  the  middle  third  between  the  Tibialis  anterior  and  Extensor  hallucis  longus. 
At  the  ankle  it  is  crossed  from  the  lateral  to  the  medial  side  by  the  tendon  of  the  Extensor  hallucis 
longus,  and  lies  between  it  and  the  first  tendon  of  the  Extensor  digitorum  longus.  It  is  covered 
in  the  upper  two-thirds  of  its  course,  by  the  muscles  which  lie  on  either  side  of  it,  and  by  the  deep 
fascia;  in  the  lower  third,  by  the  integument  and  fascia,  and  the  transverse  and  cruciate  crural 
ligaments. 

The  anterior  tibial  artery  is  accompanied  by  a  pair  of  venae  comitantes  which  lie  one  on  either 
side  of  the  artery;  the  deep  peroneal  nerve,  coursing  around  the  lateral  side  of  the  neck  of  the 
fibula,  comes  into  relation  with  the  lateral  side  of  the  artery  shortly  after  it  has  reached  the 
front  of  the  leg;  about  the  middle  of  the  leg  the  nerve  is  in  front  of  the  artery;  at  the  lower  part 
it  is  generally  again  on  the  lateral  side. 

Peculiarities  in  Sise. — This  vessel  may  be  diminished  in  size,  may  be  deficient  to  a  greater 
or  lec®  extent,  or  may  be  entirely  wanting,  its  place  being  supplied  by  perforating  branches  from 
the  posterior  tibial,  or  by  the  perforating  branch  of  the  peroneal  artery. 

Course. — The  artery  occasionally  deviates  toward  the  fibular  side  of  the  leg,  regaining  its 
usual  position  at  the  front  of  the  ankle.  In  rare  instances  the  vessel  has  been  found  to  approach 
the  surface  in  the  middle  of  the  leg,  being  covered  merely  by  the  integument  and  fascia  below 
that  point. 

Branches. — The  branches  of  the  anterior  tibial  artery  are: 

Posterior  Tibial  Recurrent.  Muscular. 

Fibular.  Anterior  Medial  Malleolar. 

Anterior  Tibial  Recurrent.  Anterior  Lateral  Malleolar. 

The  posterior  tibial  recurrent  artery  (a.  recurrens  tibialis  'posterior)  an  inconstant 
branch,  is  given  off  from  the  anterior  tibial  before  that  vessel  passes  through  the 
interosseous  space.  It  ascends  in  front  of  the  Popliteus,  which  it  supplies,  and 
anastomoses  with  the  inferior  genicular  branches  of  the  popliteal  artery,  giving 
an  offset  to  the  tibiofibular  joint. 

The  fibular  artery  is  sometimes  derived  from  the  anterior  tibial,  sometimes  irom 
the  posterior  tibial.  It  passes  lateralward,  around  the  neck  of  the  fibula,  through 
the  Soleus,  which  it  supplies,  and  ends  in  the  substance  of  the  Peroneus  longus. 

The  anterior  tibial  recurrent  artery  (a.  recurrens  tibialis  anterior)  arises  from 
the  anterior  tibial,  as  soon  as  that  vessel  has  passed  through  the  interosseous 
space;  it  ascends  in  the  Tibialis  anterior,  ramifies  on  the  front  and  sides  of  the 
knee-joint,  and  assists  in  the  formation  of  the  patellar  plexus  by  anastomosing 
with  the  genicular  branches  of  the  popliteal,  and  with  the  highest  genicular  artery. 

The  muscular  branches  ( rami  musculares)  are  numerous;  they  are  distributed  to 
the  muscles  which  lie  on  either  side  of  the  vessel,  some  piercing  the  deep  fascia  to 
supply  the  integument,  others  passing  through  the  interosseous  membrane,  and 
anastomosing  with  branches  of  the  posterior  tibial  and  peroneal  arteries. 

The  anterior  medial  malleolar  artery  (a.  malleolaris  anterior  medialis;  internal 
malleolar  artery)  arises  about  5  cm.  above  the  ankle-joint,  and  passes  behind  the 
tendons  of  the  Extensor  hallucis  longus  and  Tibialis  anterior,  to  the  medial  side  of 
the  ankle,  upon  which  it  ramifies,  anastomosing  with  branches  of  the  posterior  tibial 
and  medial  plantar  arteries  and  with  the  medial  calcaneal  from  the  posterior  tibial. 

The  anterior  lateral  malleolar  artery  (a.  malleolaris  anterior  lateralis;  exter¬ 
nal  malleolar  artery)  passes  beneath  the  tendons  of  the  Extensor  digitorum 
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lonjfus  and  .Perotift*us  tertiu*  Riid  sUphh^  the  lateral  skle  of  tbe  ankle,  anas¬ 
tomosing  witli  ch^t  perforating  hraiidi  nf  the  peroneal  .aitteirVj  '  trith  Ascend* 

trig  twigs  from' 'the lateral  tarsal  artery. 
f>  ...  The  arteries  saroio^  the  ankle-joint 

>1 -4  '&us&b-'y': ■■■■  anastomose  frttrJy  with  one  another 

the  eorre- 


aitd  fortp.  net-works 
spending  malleoli.  The  medial  malleolar 
net-work  is  formed  bv  the  anterior 
medial  malleolar-  braticji  of  the  anterior 
rjbial,  the  nieftiai  tarsal  brunches  of 
the  dorsalis  pedis,  the  posterior  medial 
malleolar  anrl  media?  calcaneal  branches 
of  the  jaisteridr  tibial  and  branches 
from  the  medial  plantar  artery.  The 
lateral  malleolar  net-work  is  formed  by 
che  anterior  lateral  malleolar  branch  of 
the  anterior  tibial,  the  .lateral  tarsal 
bnuieh  of  'the  darsaljs  pedis,  tlic  per¬ 
forating  and  the  lateral  calcaneal 
branches  of  the  pitrhneal,  and  twigs 
from  the  lateral  plantar  artery . 


LntcfM 

inferior 

r/eniruLT- 


Anterior 

tibuil 

recurrent 


the  p ifawiml  part  of  the  first  inter- 
metatar^l  $pace3  where  it  divides  into 

two  Sjrariohes,  the  first  dorsal  metatarsal 
&iv  deep  plantar. 

EeUficuis.— Thi?  vessel,  m  %  ri>un*  fc<r- 
ward,  resta  upon  Xlm  front  jgf  lUe  arOouIar 
capsiile  of  the  J&s:  uda?,  niVVio- 

iilar.  and  sw.md  cuneiform  hoiu*s,  and  the 
hgflo&eufca  conoectuig  by 

the  inlegumowt,  i&»aa  shd  iigumetti. 

and  ersmoii  rrear  ‘ifca  by  iW  -fiwfc. 

bavifob  (ft  thtj  Ex ten^r  dsgitomm  brevis.  On 
it*  i'M ml  tide  i*i  the  tendon  of  the  Extensor 
fesiUui' is  laughs?;  on  ita  jitmtar  *idr,  the  hr?t 
lendoh  the  Extfsamr  digit orum  longue 
and  the  temimatjon  of  the-  deep  perinea! 
mW\:.,x  It  i»  Ji^eornpariied  by  two  veins. 

Fecnliaritaes  in  Site.— -The  dorsal  artery  id 
the  foot  may  he  larger \h&\\  wml,  td  rw 
pensato  for  a  deficient  >.bmi»r  artery;  or  it* 
ienrmn.nl  hnuiciu^  to  the  toes  may  bo 
the  tot#  then  being  aupplM  by  the  medial 
plantar;  or  it»  phtee1  may  t?e  ai together 

by  a  large  perfptatit^  branch  of  the  f$roxte&J. 
ar.iery.  *  -  *,0  - !, ' -  J  ;\ 

Foaiticynv'-tbi*  artery*  frequently  eixrce* 
Ub^Wterd lying  lateral  to.  tJhpf  Utw*  beiVrem 
the  middle  bt  the  Wikle  aim!  the?  back  part  of 
the first  interoeswu@  5pa.ee.'; 
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Branches. — The  branches  of  the  arteria  dorsalis  pedis  are: 

Lateral  Tarsal.  Arcuate. 

Medial  Tarsal.  First  Dorsal  Metatarsal. 

Deep  Plantar. 

The  lateral  tarsal  artery  (a.  tarsea  lateralis;  tarsal  artery)  arises  from  the  dorsalis 
pedis,  as  that  vessel  crosses  the  navicular  bone;  it  passes  in  an  arched  direction 
lateralward,  lying  upon  the  tarsal  bones,  and  covered  by  the  Extensor  digitorum 
brevis;  it  supplies  this  muscle  and  the  articulations  of  the  tarsus,  and  anastomoses 
with  branches  of  the  arcuate,  anterior  lateral  malleolar  and  lateral  plantar  arteries, 
and  with  the  perforating  branch  of  the  peroneal  artery. 

The  medial  tarsal  arteries  {an.  tarsea  mediates)  are  two  or  three  small  branches 
which  ramify  on  the  medial  borderof  the  foot  and  join  the  medial  malleolar  net-work. 

The  arcuate  artery  (a.  arcuata;  metatarsal  artery)  arises  a  little  anterior  to  the 
lateral  tarsal  artery;  it  passes  lateralward,  over  the  bases  of  the  metatarsal  bones, 
beneath  the  tendons  of  the  Extensor  digitorum  brevis,  its  direction  being  influenced 
by  its  point  of  origin;  and  it  anastomoses  with  the  lateral  tarsal  and  lateral  plantar 
arteries.  This  vessel  gives  off  the  second,  third,  and  fourth  dorsal  metatarsal  arteries, 
which  run  forward  upon  the  corresponding  Interossei  dorsales;  in  the  clefts  between 
the  toes,  each  divides  into  twro  dorsal  digital  branches  for  the  adjoining  toes.  At 
the  proximal  parts  of  the  interosseous  spaces  these  vessels  receive  the  posterior 
perforating  branches  from  the  plantar  arch,  and  at  the  distal  parts  of  the  spaces 
they  are  joined  by  the  anterior  perforating  branches,  from  the  plantar  metatarsal 
arteries.  The  fourth  dorsal  metatarsal  artery  gives  off  a  branch  which  supplies 
the  lateral  side  of  the  fifth  toe. 

The  first  dorsal  metatarsal  artery  (a.  dorsalis  hallucis)  runs  forward  on  the  first 
Interosseous  dorsalis,  and  at  the  cleft  between  the  first  and  second  toes  divides 
into  tw  o  branches,  one  of  which  passes  beneath  the  tendon  of  the  Extensor  hallucis 
longus,  and  is  distributed  to  the  medial  border  of  the  great  toe;  the  other  bifurcates 
to  supply  the  adjoining  sides  of  the  great  and  second  toes. 

The  deep  plantar  artery  {ramus  plantaris  profundus;  communicating  artery) 
descends  into  the  sole  of  the  foot,  between  the  two  heads  of  the  first  Interosseous 
dorsalis,  and  unites  with  the  termination  of  the  lateral  plantar  artery,  to  complete 
the  plantar  arch.  It  sends  a  branch  along  the  medial  side  of  the  great  toe,  and  is 
continued  forward  along  the  first  interosseous  space  as  the  first  plantar  metatarsal 
artery,  which  bifurcates  for  the  supply  of  the  adjacent  sides  of  the  great  and  second 
toes. 

The  Posterior  Tibial  Artery  (A.  Tibialis  Posterior)  (Fig.  570). 

The  posterior  tibial  artery  begins  at  the  lower  border  of  the  Popliteus,  opposite 
the  interval  between  the  tibia  and  fibula;  it  extends  obliquely  downward,  and,  as 
it  descends,  it  approaches  the  tibial  side  of  the  leg,  lying  behind  the  tibia,  and  in 
the  lowrer  part  of  its  course  is  situated  midway  between  the  medial  malleolus  and 
the  medial  process  of  the  calcaneal  tuberosity.  Here  it  divides  beneath  the  origin 
of  the  Adductor  hallucis  into  the  medial  and  lateral  plantar  arteries. 

RsiatUms. — The  posterior  tibial  artery  lies  successively  upon  the  Tibialis  posterior,  the  Flexor 
digitoruin  longus,  the  tibia,  and  the  back  of  the  ankle-joint.  It  is  covered  by  the  deep  trans¬ 
verse  fascia  of  the  leg,  which  separates  it  above  from  the  Gastrocnemius  and  Soleus;  at  its  termi¬ 
nation  it  is  covered  by  the  Abductor  hallucis.  In  the  lower  third  of  the  leg,  where  it  is  more 
superficial,  it  is  covered  only  by  the  integument  and  fascia,  and  runs  parallel  with  the  medial 
border  of  the  tendo  calcaneus.  It  is  accompanied  by  two  veins,  and  by  the  tibial  nerve,  which 
lies  at  first  to  the  medial  side  of  the  artery,  but  soon  crosses  it  posteriorly,  and  is  in  the  greater 
part  of  its  course  on  its  lateral  side. 

Behind  the  medial  malleolust  the  tendons,  bloodvessels,  and  nerve  are  arranged,  under  cover 
of  the  laciniate  ligament,  in  the  following  order  from  the  medial  to  the  lateral  side:  (1)  the 
41 
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tendons  of  the  Tibialis  posterior  and  Flexor  digitorum  longus,  lying  in  the  same  groove,  behind 
the  malleolus,  the  former  being  the  more  medial.  Next  is  the  posterior  tibial  artery,  with  a  vein 
on  either  side  of  it;  and  lateral  to  the  vessels  is  the  tibial  nerve;  about  1.25  cm.  nearer  the  heel 
is  the  tendon  of  the  Flexor  hallucis  longus. 

Peculiarities  in  Sise. — The  posterior  tibial  is  not  infrequently  smaller  than  usual,  or  absent^ 
its  place  being  supplied  by  a  large  peroneal  artery,  which  either  joins  the  small  posterior  tibial 
artery,  or  continues  alone  to  the  sole  of  the  foot. 

Branches. — The  branches  of  the  posterior  tibial  artery  are: 

Peroneal.  Posterior  Medial  Malleolar. 

Nutrient.  Communicating. 

Muscular.  Medial  Calcaneal. 

The  peroneal  artery  (a.  peronaea )  is  deeply  seated  on  the  back  of  the  fibular 
side  of  the  leg.  It  arises  from  the  posterior  tibial,  about  2.5  cm.  below  the  lower 
border  of  the  Popliteus,  passes  obliquely  toward  the  fibula,  and  then  descends 
along  the  medial  side  of  that  bone,  contained  in  a  fibrous  canal  between  the  Tibialis 
posterior  and  the  Flexor  hallucis  longus,  or  in  the  substance  of  the  latter  muscle. 
It  then  runs  behind  the  tibiofibular  syndesmosis  and  divides  into  lateral  calcaneal 
branches  which  ramify  on  the  lateral  and  posterior  surfaces  of  the  calcaneus. 

It  is  covered,  in  the  upper  part  of  its  course,  by  the  Soleus  and  deep  transverse 
fascia  of  the  leg;  below,  by  the  Flexor  hallucis  longus. 

Peculiarities  in  Origin. — The  peroneal  artery  may  arise  7  or  8  cm.  below  the  Popliteus,  or  from 
the  posterior  tibial  high  up,  or  even  from  the  popliteal. 

Its  sise  is  more  frequently  increased  than  diminished;  and  then  it  either  reinforces  the  posterior 
tibial  by  its  junction  with  it,  or  altogether  takes  the  place  of  the  posterior  tibial  in  the  lower 
part  of  the  leg  and  foot,  the  latter  vessel  only  existing  as  a  short  muscular  branch.  In  those 
rare  cases  where  the  peroneal  artery  is  smaller  than  usual,  a  branch  from  the  posterior  tibial 
supplies  its  place;  and  a  branch  from  the  anterior  tibial  compensates  for  the  diminished  anterior 
peroneal  artery.  In  one  case  the  peroneal  artery  was  entirely  wanting. 

Branches. — The  branches  of  the  peroneal  are: 

Muscular.  Perforating. 

Nutrient.  Communicating. 

Lateral  Calcaneal. 

Muscular  Branches. — The  peroneal  artery,  in  its  course,  gives  off  branches  to 
the  Soleus,  Tibialis  posterior,  Flexor  hallucis  longus,  and  Peronei. 

The  Nutrient  Artery  (a.  nutricia  fibulae)  supplies  the  fibula,  and  is  directed 
downward. 

The  Perforating  Branch  ( ramus  perforates;  anterior  peroneal  artery)  pierces  the 
interosseous  membrane,  about  5  cm.  above  the  lateral  malleolus,  to  reach  the  front 
of  the  leg,  where  it  anastomoses  with  the  anterior  lateral  malleolar;  it  then  passes 
down  in  front  of  the  tibiofibular  syndesmosis,  gives  branches  to  the  tarsus,  and 
anastomoses  with  the  lateral  tarsal.  The  perforating  branch  is  sometimes  enlarged, 
and  takes  the  place  of  the  dorsalis  pedis  artery. 

The  Communicating  Branch  ( ramus  communicans)  is  given  off  from  the  peroneal 
about  2.5  cm.  from  its  lower  end,  and  joins  the  communicating  branch  of  the 
posterior  tibial. 

The  Lateral  Calcaneal  {ramus  calcaneus  lateralis;  external  calcaneal)  are  the  ter¬ 
minal  branches  of  the  peroneal  artery;  they  pass  to  the  lateral  side  of  the  heel, 
and  communicate  with  the  lateral  malleolar  and,  on  the  back  of  the  heel,  with  the 
medial  calcaneal  arteries. 

The  nutrient  artery  (a.  nutricia  tibiae)  of  the  tibia  arises  from  the  posterior 
tibial,  near  its  origin,  and  after  supplying  a  few  muscular  branches  enters  the 
nutrient  canal  of  the  bone,  which  it  traverses  obliquely  from  above  downward. 
This  is  the  largest  nutrient  artery  of  bone  in  the  body. 
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Hfe muscular  brandy .-of. the  ptwiieri^r  tibia  {  are  distributed  to  tta*  Soleua  ami 
dft})  muscles  along  the-  back  of  tfe  leg. 

Tlie  posterior  medial  itua^ectkr  arteri'  (a  .mnHeniam  pt>$t<°nor  mdmH*;  internal 
■maU&fof  artery)  Ls  a  small  branch  which  winds  around  the  tibia?  oik%o1us  and 
sfcfe.ln  the  medial  niafferikr  net-work.  • 

The  coxnmmdeatitkg  branch  (rawth*  emmnwicnnj?)  r.uus  transversely  across  the 
bftek  of  the  tibia-,  about  5  cut  aliove  iti  lower  emh  beneath  the  Flexor  baJlueis 
longus,  and  joins  the  eemnnumcat in#’  branch  of  the  permw&i. 

Ike  medial  calcaneal  (rand  calcanei  incduik*;  interval  calcaneal)  are  several 
large  arteries  which  arm  from  tbje=  jplKfeerinr  tibia!  just  Before  Its  division;  they 
pierce  the  laciniate  ligament  and  are  distributed  to  the  fat  and  integument  behind 
die  toulo  cakaneliS  and  about  the  heel*  and  to  the  muscles  on  the  tibia!  side  of 
the  sole,  anastomosing  with  the  peroneal  and  medisf  malleolar  and,  on  the  back 
of  the  heel,  with  the  lateral  ealeanaal  arteries. 
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ype,  ,o7.T'--~Tbo  pUcfeif'  afteriw.  fwn. 


574  — Tlrv  \D*ep *u?w. 

Tlie  medial  plantar  artery  (a.  plardaris  medial k;  internal  planter  artery)  (Figs. 
573  and  .§74),  much  smaller  than  the  lateral,  passes  forward  ai^g-thbf^^i|sEMde 
of  the  foot.  It  is  at  first  sitttated  above  the  Abductor  hallueis,  ftiwl  tlten  between 
it  and  the  Flexor  digttorturt  bfevis^  both  of  whteb  it  supplies  .At  tbe  base  of  the 
first  metatarsal  bone,  where  it  b  liUK-h  diminished  in  size,  it  passes  along  the  medial 
border  of  the  first  t.oe,  anu  nouiosing  with  the  first  dorsal  metatarsal  artery.  Small 
superficial  digital  branches  accompany  t  he  d^tal  branches  C'f  the  medial  plantar 
nerve  and  join  the  plantar  metatarsal  arteries  of  the  first  three  spaces > 

The  lateral  plantar  artery  (a.  pbMfaiir  laterulix;  external  plantar  artery),  much 
larger  than  the  medial,  passes  obliquely  lateral  wars!  and  forward  to  the  base  of 
the  fifth  metatarsal  bone-  It  then  turns  mediuMiird  to  t. lie  interval  between  the 
bases  of  the  first  and  second  meiatersal  buries,  where-  it  unites  vdth  the  deep  plantar 
branch  of  the  dorsalis  pedjs  artery',  thus  completing  the  plantar  arch.  As  this  artery 
passes  laterajward,  it  ik first  placed  betweta  the  calcaneus  and  Abductor  halluris, 
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and  then  between  the  Flexor  digitorum  brevis  and  Quadratus  plants;  as  it  runs 
forward  to  the  base  of  the  little  toe  it  lies  more  superficially  between  the  Flexor 
digitorum  brevis  and  Abductor  digiti  quinti,  covered  by  the  plantar  aponeurosis 
and  integument.  The  remaining  portion  of  the  vessel  is  deeply  situated;  it  extends 
from  the  base  of  the  fifth  metatarsal  bone  to  the  proximal  part  of  the  first  inter¬ 
osseous  space,  and  forms  the  plantar  arch;  it  is  convex  forward,  lies  below  the  bases 
of  the  second,  third,  and  fourth  metatarsal  bones  and  the  corresponding  Interossei, 
and  upon  the  oblique  part  of  the  Adductor  hallucis. 

Branches. — The  plantar  arch,  besides  distributing  numerous  branches  to  the 
muscles,  integument,  and  fasciae  in  the  sole,  gives  off  the  following  branches: 

Perforating.  Plantar  Metatarsal. 

The  Perforating  Branches  ( rami  perforantes)  are  three  in  number;  they  ascend 
through  the  proximal  parts  of  the  second,  third,  and  fourth  interosseous  spaces, 
between  the  heads  of  the  Interossei  dorsales,  and  anastomose  with  the  dorsal 
metatarsal  arteries. 

The  Plantar  Metatarsal  Arteries  ( aa .  metatarseee  plantares;  digital  branches)  are 
four  in  number,  and  run  forward  between  the  metatarsal  bones  and  in  contact 
with  the  Interossei.  Each  divides  into  a  pair  of  plantar  digital  arteries  which  sup¬ 
ply  the  adjacent  sides  of  the  toes.  Near  their  points  of  division  each  sends  upward 
an  anterior  perforating  branch  to  join  the  corresponding  dorsal  metatarsal  artery. 
The  first  plantar  metatarsal  artery  ( arteria  princeps  hallucis)  springs  from  the  junc¬ 
tion  between  the  lateral  plantar  and  deep  plantar  arteries  and  sends  a  digital 
branch  to  the  medial  side  of  the  first  toe.  The  digital  branch  for  the  lateral  side 
of  the  fifth  toe  arise  from  the  lateral  plantar  artery  near  the  base  of  the  fifth 
metatarsal  bone. 
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THE  VEINS. 


THE  Veins  convey  the  blood  from  the  capillaries  of  the  different  parts  of  the 
body  to  the  heart.  They  consist  of  two  distinct  sets  of  vessels,  the  pulmonary 
and  systemic. 

The  Pulmonary  Veins,  unlike  other  veins,  contain  arterial  blood,  which  they  return 
from  the  lungs  to  the  left  atrium  of  the  heart. 

The  Systemic  Veins  return  the  venous  blood  from  the  body  generally  to  the 
right  atrium  of  the  heart. 

The  Portal  Vein,  an  appendage  to  the  systemic  venous  system,  is  confined  to 
the  abdominal  cavity,  and  returns  the  venous  blood  from  the  spleen  and  the  viscera 
of  digestion  to  the  liver.  This  vessel  ramifies  in  the  substance  of  the  liver  and  there 
breaks  up  into  a  minute  network  of  capillary-like  vessels,  from  which  the  blood 
is  conveyed  by  the  hepatic  veins  to  the  inferior  vena  cava. 

The  veins  commence  by  minute  plexuses  which  receive  the  blood  from  the  capil¬ 
laries.  The  branches  arising  from  these  plexuses  unite  together  into  trunks,  and 
these,  in  their  passage  toward  the  heart,  constantly  increase  in  size  as  they  receive 
tributaries,  or  join  other  veins.  The  veins  are  larger  and  altogether  more  numerous 
than  the  arteries;  hence,  the  entire  capacity  of  the  venous  system  is  much  greater 
than  that  of  the  arterial;  the  capacity  of  the  pulmonary  veins,  however,  only 
slightly  exceeds  that  of  the  pulmonary  arteries.  The  veins  are  cylindrical  like  the 
arteries;  their  walls,  however,  are  thin  and  they  collapse  when  the  vessels  are 
empty,  and  the  uniformity  of  their  surfaces  is  interrupted  at  intervals  by  slight 
constrictions,  which  indicate  the  existence  of  valves  in  their  interior.  They  com¬ 
municate  very  freely  with  one  another,  especially  in  certain  regions  of  the  body; 
and  these  communications  exist  between  the  larger  trunks  as  well  as  between  the 
smaller  branches.  Thus,  between  the  venous  sinuses  of  the  cranium,  and  between 
the  veins  of  the  neck,  where  obstruction  would  be  attended  with  imminent  danger 
to  the  cerebral  venous  system,  large  and  frequent  anastomoses  are  found.  The 
same  free  communication  exists  between  the  veins  throughout  the  whole  extent 
of  the  vertebral  canal,  and  between  the  veins  composing  the  various  venous  plexuses 
in  the  abdomen  and  pelvis,  e.  g .,  the  spermatic,  uterine,  vesical,  and  pudendal. 

The  systemic  venous  channels  are  subdivided  into  three  sets,  viz.,  superficial 
and  deep  veins,  and  venous  sinuses. 

The  Superficial  Veins  {cutaneous  veins)  are  found  between  the  layers  of  the 
superficial  fascia  immediately  beneath  the  skin;  they  return  the  blood  from  these 
structures,  and  communicate  with  the  deep  veins  by  perforating  the  deep  fascia. 

The  Deep  Veins  accompany  the  arteries,  and  are  usually  enclosed  in  the  same 
sheaths  with  those  vessels.  With  the  smaller  arteries — as  the  radial,  ulnar,  brachial, 
tibial,  peroneal — they  exist  generally  in  pairs,  one  lying  on  each  side  of  the  vessel, 
and  are  called  venm  comit antes.  The  larger  arteries — such  as  the  axillary,  sub¬ 
clavian,  popliteal,  and  femoral — have  usually  only  one  accompanying  vein.  In 
certain  organs  of  the  body,  however,  the  deep  veins  do  not  accompany  the  arteries; 
for  instance,  the  veins  in  the  skull  and  vertebral  canal,  the  hepatic  veins  in  the  liver, 
and  the  larger  veins  returning  blood  from  the  bones. 

Venous  Sinuses  are  found  only, in  the  interior  of  the  skull,  and  consist  of  canals 
formed  by  a  separation  of  the  two  layers  of  the  dura  mater;  their  outer  coat  con¬ 
sists  of  fibrous  tissue,  their  inner  of  an  endothelial  layer  continuous  with  the  lining 
membrane  of  the  veins. 
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THE  PULMONARY  VEINS  (YENS  PULMONALES). 

The  pulmonary  veins  return  the  arterialized  blood  from  the  lungs  to  the  left 
atrium  of  the  heart.  They  are  four  in  number,  two  from  each  lung,  and  are  desti¬ 
tute  of  valves.  The  commence  in  a  capillary  net-work  upon  the  walls  of  the  air  sacs, 
where  they  are  continuous  with  the  capillary  ramifications  of  the  pulmonary  artery, 
and,  joining  together,  form  one  vessel  for  each  lobule.  These  vessels  uniting 
successively,  form  a  single  trunk  for  each  lobe,  three  for  the  right,  and  two  for 
the  left  lung.  The  vein  from  the  middle  lobe  of  the  right  lung  generally  unites 
with  that  from  the  upper  lobe,  so  that  ultimately  two  trunks  from  each  lung  are 
formed;  they  perforate  the  fibrous  layer  of  the  pericardium  and  open  separately 
into  the  upper  and  back  part  of  the  left  atrium.  Occasionally  the  three  veins 
on  the  right  side  remain  separate.  Not  infrequently  the  two  left  pulmonary 
veins  end  by  a  common  opening. 

At  the  root  of  the  lung ,  the  superior  pulmonary  vein  lies  in  front  of  and  a  little 
below  the  pulmonary  artery;  the  inferior  is  situated  at  the  lowest  part  of  the  hilus 
of  the  lung  and  on  a  plane  posterior  to  the  upper  vein.  Behind  the  pulmonary 
artery  is  the  bronchus. 

Within  the  pericardium,  their  anterior  surfaces  are  invested  by  the  serous  layer 
of  this  membrane. 

The  right  pulmonary  veins  pass  behind  the  right  atrium  and  superior  vena  cava; 
the  left  in  front  of  the  descending  thoracic  aorta. 


THE  SYSTEMIC  VEINS. 

The  systemic  veins  may  be  arranged  into  three  groups :  (1 )  The  veins  of  the  heart. 
(2)  The  veins  of  the  upper  extremities,  head,  neck,  and  thorax,  which  end  in  the 
superior  vena  cava.  (3)  The  veins  of  the  lower  extremities,  abdomen,  and  pelvis, 
which  end  in  the  inferior  vena  cava. 

THE  VEINS  OF  THE  HEART  (W.  Cordis)  (Fig.  575). 

Coronary  Sinus  {sinus  coronarius). — Most  of  the  veins  of  the  heart  open  into 
the  coronary  sinus.  This  is  a  wide  venous  channel  about  2.25  cm.  in  length 
situated  in  the  posterior  part  of  the  coronary  sulcus,  and  covered  by  muscular 
fibers  from  the  left  atrium.  It  ends  in  the  right  atrium  between  the  opening  of 
the  inferior  vena  cava  and  the  atrioventricular  aperture,  its  orifice  being  guarded 
by  a  semilunar  valve,  the  valve  of  the  coronary  sinus  {valve  of  Thebeeius). 

Tributaries. — Its  tributaries  are  the  great,  small,  and  middle  cardiac  veins,  the 
posterior  vein  of  the  left  ventricle,  and  the  oblique  vein  of  the  left  atrium,  all  of 
which,  except  the  last,  are  provided  with  valves  at  their  orifices. 

1.  The  Great  Cardiac  Vein  {v.  cordis  magna;  left  coronary  vein)  begins  at  the  apex 
of  the  heart  and  ascends  along  the  anterior  longitudinal  sulcus  to  the  base  of  the 
ventricles.  It  then  curves  to  the  left  in  the  coronary  sulcus,  and  reaching  the 
back  of  the  heart,  opens  into  the  left  extremity  of  the  coronary  sinus.  It  receives 
tributaries  from  the  left  atrium  and  from  both  ventricles:  one,  the  left  marginal 
vein,  is  of  considerable  size,  and  ascends  along  the  left  margin  of  the  heart. 

2.  The  Small  Cardiac  Vein  {v.  cordis  parva;  right  coronary  vein)  runs  in  the  coronary 
sulcus  between  the  right  atrium  and  ventricle,  and  opens  into  the  right  extremity 
of  the  coronary  sinus.  It  receives  blood  from  the  back  of  the  right  atrium  and 
ventricle;  the  right  marginal  vein  ascends  along  the  right  margin  of  the  heart  and 
ioins  it  in  the  coronary  sulcus,  or  opens  directly  into  the  right  atrium. 
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3.  The  Middle  Cardiac  Vein  (u.  cordis  media)  commences  at  the  apex  of  the  heart, 
ascends  in  the  posterior  longitudinal  sulcus,  and  ends  in  the  coronary  sinus  near 
its  right  extremity. 

4.  The  Posterior  Vein  of  the  Left  Ventricle  (v.  posterior  renirieuli  sinistri)  runs  on 
the  diaphragmatic  surface  of  the  left  ventricle  to  the  coronary  sinus,  hut  may  end 
in  the  great  cardiac  vein. 

o.  The  Oblique  Vein  of  the  Left  Atrium  (v.  obliqua  atrii  sinistri  [Marshalli] ;  oblique 
rein  of  Marshall)  is  a  small  vessel  which  descends  obliquely  on  the  back  of  the  left 
atrium  and  ends  in  the  coronary  sinus  near  its  left  extremity ;  it  is  continuous  above 
with  the  ligament  of  the  left  vena  cava  (Jig.  vena*  caver  sinistrw;  vestigial  fold  of 
Marshall ),  and  the  two  structures  form  the  remnant  of  the  left  Cuvierian  duct. 

Azygos  vein 


Left  ptdnvrtoTfy 


Right  pulmonary 
veins 


Mtrntvi: 


Oblique  vein  of  Up  dir* urn 
Great  cartiiac  ir.ip  — "~~~a 


L*]t  marginal  vein 


Sitydl  t.Yih  l  id v  Oei n 
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Middle  rardiac  vein 

Fro  575 — Base  and  diaphragmatic  »urfnc*j  of  heart. 


(1)  the  anterior 


The  following  cardiac 
cardiac  veins,  comprising  three  or  four  small  vessels  which  collect  blood  from  the 
front  of  the  right  ventricle  and  open  into  the  right  atrium  ;  the  right  marginal  vein 
frequently  opens  into  the  right  atrium,  and  is  therefore  sometimes  regarded  as 
belonging  to  this  group;  (2)  the  smallest  cardiac  veins  (veins  of  Thebesius),  con¬ 
sisting  of  a  number  of  minute  veins  which  arise  in  the  muscular  wall  of  the  heart; 
the  majority  open  into  the  atria,  but  a  few  end  in  the  ventricles. 
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The  veins  of  the  head  and  neck  may  be  subdivided  into  three  groups 

veins  of  the  exterior  of  the  head  and  face.  (2)  The  veins  of  the  neck.  (3) 
veins,  the  veins  of  the  brain,  and  the  venous  sinuses  of  the  dura  mater. 
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The  Veins  of  the  Exterior  of  the  Head  and  Pace  (Fig.  576} 

The  veins  of  the  exterior  of  the  head  and  face  are: 

Frontal,  Superficial  Temporal 

Supraorbital.  Internal  Maxillary* 

Angular.  Posterior  Facial, 

Anterior  Facial.  Posterior  Auricular. 

Occipital. 


Cf'-tt  ewKOico'ing  branch 
i djjht/uilmic  eem 


Livgnju li 
PkarifMJtal 


Superior  thyroid 


The  frontal  vein  (>.  frontalis)  begirt*  on  the  forehead  in  a  venous  plexus  which 
communicates  with  the  frontal  branches  of  the  superficial  temporal  vein.  The 
veins  converge  to  form  a  single  trunk,  which  runs  downward  near  the  middle  line 
of  the  forehead  parallel  with  the  vein  of  the  opposite  side.  The  two  veins  are  joined, 
at  the  root  of  the  nose,  by  a  transverse  branch,  called  the  nasal  arch,  which  receives 
some  small  veins  from  the  dorsum  of  the  nose.  At  the  root  of  the  nose  the  veins 
diverge,  and,  each  at  the  medial  angle  of  the  orbit,  joins  the  supraorbital  vein,  to 
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form  the  angular  vein.  Occasionally  the  frontal  veins  join  to  form  a  single  trunk, 
which  bifurcates  at  the  root  of  the  nose  into  the  two  angular  veins. 

The  supraorbital  vein  (v.  supraorbitalis )  begins  on  the  forehead  where  it  com¬ 
municates  with  the  frontal  branch  of  the  superficial  temporal  vein.  It  runs  down¬ 
ward  superficial  to  the  Frontalis  muscle,  and  joins  the  frontal  vein  at  the  medial 
angle  of  the  orbit  to  form  the  angular  vein.  Previous  to  its  junction  with  the  frontal 
vein,  it  sends  through  the  supraorbital  notch  into  the  orbit  a  branch  which  com¬ 
municates  with  the  ophthalmic  vein;  as  this  vessel  passes  through  the  notch,  it 
receives  the  frontal  diploic  vein  through  a  foramen  at  the  bottom  of  the  notch. 

The  angular  vein  ( v .  angularis)  formed  by  the  junction  of  the  frontal  and  supra¬ 
orbital  veins,  runs  obliquely  downward,  on  the  side  of  the  root  of  the  nose,  to  the 
level  of  the  lower  margin  of  the  orbit,  where  it  becomes  the  anterior  facial  vein. 
It  receives  the  veins  of  the  ala  nasi,  and  communicates  with  the  superior  ophthalmic 
vein  through  the  nasofrontal  vein,  thus  establishing  an  important  anastomosis 
between  the  anterior  facial  vein  and  the  cavernous  sinus. 

The  anterior  facial  vein  (v.  facialis  anterior;  facial  vein)  commences  at  the  side 
of  the  root  of  the  nose,  and  is  a  direct  continuation  of  the  angular  vein.  It  lies 
behind  the  external  maxillary  (facial)  artery  and  follows  a  less  tortuous  course. 
It  runs  obliquely  downward  and  backward,  beneath  the  Zygomaticus  and  zygo¬ 
matic  head  of  the  Quadratus  labii  superioris,  descends  along  the  anterior  border 
and  then  on  the  superficial  surface  of  the  Masseter,  crosses  over  the  body  of  the 
mandible,  and  passes  obliquely  backward,  beneath  the  Platysma  and  cervical 
fascia,  superficial  to  the  submaxillary  gland,  the  Digastricus  and  Stylohyoideus. 
It  unites  with  the  posterior  facial  vein  to  form  the  common  facial  vein,  which 
crosses  the  external  carotid  artery  and  enters  the  internal  jugular  vein  at  a  vari¬ 
able  point  below  the  hyoid  bone.  From  near  its  termination  a  communicating 
branch  often  runs  down  the  anterior  border  of  the  Stemocleidomastoideus  to  join 
the  lower  part  of  the  anterior  jugular  vein.  The  facial  vein  has  no  valves,  and  its 
walls  are  not  so  flaccid  as  most  superficial  veins. 

Tributaries. — The  anterior  facial  vein  receives  a  branch  of  considerable  size, 
the  deep  facial  vein,  from  the  pterygoid  venous  plexus.  It  is  also  joined  by  the 
superior  and  inferior  palpebral,  the  superior  and  inferior  labial,  the  buccinator 
and  the  masseteric  veins.  Below  the  mandible  it  receives  the  submental,  palatine, 
and  submaxillary  veins,  and,  generally,  the  vena  comitans  of  the  hypoglossal  nerve. 

The  superficial  temporal  vein  (v.  temporalis  superficialis)  begins  on  the  side  and 
vertex  of  the  skull  in  a  plexus  which  communicates  with  the  frontal  and  supra¬ 
orbital  veins,  with  the  corresponding  vein  of  the  opposite  side,  and  with  the  pos¬ 
terior  auricular  and  occipital  veins.  From  this  net-work  frontal  and  parietal  branches 
arise,  and  unite  above  the  zygomatic  arch  to  form  the  trunk  of  the  vein,  which  is 
joined  in  this  situation  by  the  middle  temporal  vein,  from  the  substance  of  the  Tem¬ 
poralis.  It  then  crosses  the  posterior  root  of  the  zygomatic  arch,  enters  the  sub¬ 
stance  of  the  parotid  gland,  and  unites  with  the  internal  maxillary  vein  to  form  the 
posterior  facial  vein. 

Tributaries. — The  superficial  temporal  vein  receives  in  its  course  some  parotid 
veins,  articular  veins  from  the  temporomandibular  joint,  anterior  auricular  veins 
from  the  auricula,  and  the  transverse  facial  from  the  side  of  the  face.  The  middle 
temporal  vein  receives  the  orbital  vein,  which  is  formed  by  some  lateral  palpebral 
branches,  and  passes  backward  between  the  layers  of  the  temporal  fascia  to  join 
the  superficial  temporal  vein. 

The  pterygoid  plexus  {plexus  pterygoideus)  is  of  considerable  size,  and  is  situated 
between  the  Temporalis  and  Pterygoideus  externus,  and  partly  between  the  two 
Pterygoid ei.  It  receives  tributaries  corresponding  with  the  branches  of  the  internal 
maxillary  artery.  Thus  it  receives  the  sphenopalatine,  the  middle  meningeal,  the 
deep  temporal,  the  pterygoid,  masseteric,  buccinator,  alveolar,  and  some  palatine 
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veins,  and  a  branch  which  communicates  with  the  ophthalmic  vein  through  the 
inferior  orbital  fissure.  This  plexus  communicates  freely  with  the  anterior  facial 
vein;  it  also  communicates  with  the  cavernous  sinus,  by  branches  through  the 
foramen  Vesalii,  foramen  ovale,  and  foramen  lacerum. 

The  internal  maxillary  vein  (v.  maxiUaris  interna )  is  a  short  trunk  which  accom- 
panies  the  first  part  of  the  internal  maxillary  artery.  It  is  formed  by  a  confluence 
of  the  veins  of  the  pterygoid  plexus,  and  passes  backward  between  the  spheno- 
mandibular  ligament  and  the  neck  of  the  mandible,  and  unites  with  the  temporal 
vein’to  form  the  posterior  facial  vein. 

The  posterior  facial  vein  (v.  facialis  posterior;  temporomaxillary  vein),  formed 
by  the  union  of  the  superficial  temporal  and  internal  maxillary  veins,  descends  in 
the  substance  of  the  parotid  gland,  superficial  to  the  external  carotid  artery  but 
beneath  the  facial  nerve,  between  the  ramus  of  the  mandible  and  the  Sternocleido- 
mastoideus  muscle.  It  divides  into  two  branches,  an  anterior,  which  passes  forward 
and  unites  with  the  anterior  facial  vein  to  form  the  common  facial  vein  and  a  pos¬ 
terior,  which  is  joined  by  the  posterior  auricular  vein  and  becomes  the  external 
jugular  vein. 

The  posterior  auricular  vein  (v.  auricularis  posterior)  begins  upon  the  side  of 
the  head,  in  a  plexus  which  communicates  with  the  tributaries  of  the  occipital, 
and  superficial  temporal  veins.  It  descends  behind  the  auricula,  and  joins  the 
posterior  division  of  the  posterior  facial  vein  to  form  the  external  jugular.  It 
receive  the  stylomastoid  vein,  and  some  tributaries  from  the  cranial  surface  of  the 
auricula. 

The  occipital  vein  (v.  occipitalis)  begins  in  a  plexus  at  the  back  part  of  the  vertex 
of  the  skull,  From  the  plexus  emerges  a  single  vessel,  which  pierces  the  cranial 
attachment  of  the  Trapezius  and,  dipping  into  the  suboccipital  triangle,  joins  the 
deep  cervical  and  vertebral  veins.  Occasionally  it  follows  the  course  of  the  occipital 
artery  and  ends  in  the  internal  jugular;  in  other  instances,  it  joins  the  posterior 
auricular  and  through  it  opens  into  the  external  jugular.  The  parietal  emissaty 
vein  connects  it  with  the  superior  sagittal  sinus;  and  as  it  passes  across  the  mastoid 
portion  of  the  temporal  bone,  it  receives  the  mastoid  emissary  vein  which  connects 
it  with  the.  transverse  sinus.  The  occipital  diploic  vein  sometimes  joins  it. 

The  Veins  of  the  Neck  (Fig.  577). 

The  veins  of  the  neck,  which  return  the  blood  from  the  head  and  face,  are: 

External  Jugular.  Anterior  Jugular. 

Posterior  External  Jugular.  Internal  Jugular. 

Vertebral. 

The  external  jugular  vein  (».  jugularis  externa)  receives  the  greater  part  of  the 
blood  from  the  exterior  of  the  cranium  and  the  deep  parts  of  the  face,  being  formed 
by  the  junction  of  the  posterior  division  of  the  posterior  facial  with  the  posterior 
auricular  vein.  It  commences  in  the  substance  of  the  parotid  gland,  on  a  level 
with  the  angle  of  the  mandible,  and  runs  perpendicularly  down  the  neck,  in  the 
direction  of  a  line  drawn  from  the  angle  of  the  mandible  to  the  middle  of  the  clavicle 
at  the  posterior  border  of  the  Sternocleidomastoideus.  In  its  course  it  crosses 
the  Sternocleidomastoideus  obliquely,  and  in  the  subclavian  triangle  perforates 
the  deep  fascia,  and  ends  in  the  subclavian  vein,  lateral  to  or  in  front  of  the  Scalenus 
anterior.  It  is  separated  from  the  Sternocleidomastoideus  by  the  investing  layer 
of  the  deep  cervical  fascia,  and  is  covered  by  the  Platysma,  the  superficial  fascia, 
and  the  integument;  it  crosses  the  cutaneous  cervical  nerve,  and  its  upper  half 
runs  parallel  with  the  great  auricular  nerve.  The  external  jugular  vein  varies  in 
size,  bearing  an  inverse  proportion  to  the  other  veins  of  the  neck,  it  is  occasionally 
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It  is  provided  with  two  pairs  of  valves,  the  lower  pair  being  placed  at 
its  entrance  into  the  subclavian  vein,  the  upper  in  most  cases  about  4  cm.  above  the 
clavicle.  The  portion  of  vein  between  the  two  sets  of  valves  is  often  dilated,  and 
is  termed  the  sinus.  These  valves  do  not  prevent  the  regurgitation  of  the  blood, 
or  the  passage  of  injection  from  below  upward. 

Tributaries. — This  vein  receives  the  occipital  occasionally,  the  posterior  external 
jugular,  and,  near  its  termination,  the  transverse  cervical,  transverse  scapular,  and 
anterior  jugular  veins;  in  the  substance  of  the  parotid,  a  large  branch  of  commu¬ 
nication  from  the  internal  jugular  joins  it. 


carotid 

artery 


S  ubcla  via  n  re  *  n 

Fiq.  577. — The  veioa  of  the  neck,  viewed  from  in  front-  (Spalteholi  ) 

The  posterior  external  jugular  vein  (i\  jugularis  posterior)  begins  in  the  occipital 
region  and  returns  the  blood  from  the  skin  and  superficial  muscles  in  the  upper  and 
hack  part  of  the  neck,  lying  between  the  Splenius  and  Trapezius.  It  runs  down 
the  back  part  of  the  neck,  and  opens  into  the  external  jugular  vein  just  below  the 
middle  of  its  course. 

The  anterior  jugular  vein  (r.  jugularis  anterior)  begins  near  the  hyoid  bone  bv 
the  confluence  of  several  superficial  veins  from  the  submaxillary  region.  It  descends 
between  the  median  line  and  the  anterior  border  of  the  Sternocleidomastoideus, 
and,  at  the  lower  part  of  the  neck,  passes  beneath  that  muscle  to  open  into  the  ter¬ 
mination  of  the  external  jugular,  or,  in  some  instances,  into  the  subclavian  vein 
(Figs.  576,  577).  It  varies  considerably  in  size,  bearing  usually  an  inverse  propor- 
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tion  to  the  external  jugular;  most  frequently  there  are  two  anterior  jugulars,  a 
right  and  left;  but  sometimes  only  one.  Its  tributaries  are  some  laryngeal  veins, 
and  occasionally  a  small  thyroid  vein.  Just  above  the  sternum  the  two  anterior 
jugular  veins  communicate  by  a  transverse  trunk,  the  venous  jugular  arch,  which 
receive  tributaries  from  the  inferior  thyroid  veins;  each  also  communicates  with  the 
internal  jugular.  There  are  no  valves  in  this  vein. 

The  internal  jugular  vein  (t»,  jugulari $  interna)  collects  the  blood  from  the  brain, 
from  the  superficial  parts  of  the  face,  and  from  the  neck.  It  is  directly  continuous 
with  the  transverse  sinus,  and  begins  in  the  posterior  compartment  of  the  jugular 
foramen,  at  the  base  of  the  skull.  At  its  origin  it  is  somewhat  dilated,  and  this 
dilatation  is  called  the  superior  bulb.  It  runs  down  the  side  of  the  neck  in  a  vertical 
direction,  lying  at  first  lateral  to  the  internal  carotid  artery,  and  then  lateral 
to  the  common  carotid,  and  at  the  root  of  the  neck  unites  with  the  subclavian  vein 
to  form  the  innominate  vein;  a  little  above  its  termination  is  a  second  dilatation, 
the  inferior  bulb.  Above,  it  lies  upon  the  Rectus  capitis  lateralis,  behind  the  internal 
carotid  artery  and  the  nerves  passing  through  the  jugular  foramen;  lower  down, 
the  vein  and  artery  lie  upon  the  same  plane,  the  glossopharyngeal  and  hypoglossal 
nerves  passing  forward  between  them;  the  vagus  descends  between  and  behind 
the  vein  and  the  artery  in  the  same  sheath,  and  the  accessory  runs  obliquely 
backward,  superficial  or  deep  to  the  vein.  At  the  root  of  the  neck  the  right  internal 
jugular  vein  is  placed  at  a  little  distance  from  the  common  carotid  artery,  and 


Fro  578. — Veins  of  the  tongue.  The  hypoglossal  nerve  h»a  been  displaced  downward  in  this  preparation. 

iTestut  after  Hir*elifekl) 

crosses  the  first  part  of  the  subclavian  artery,  while  the  left  internal  jugular  vein 
usually  overlaps  the  common  carotid  artery.  The  left  vein  is  generally  smaller 
than  the  right,  and  each  contains  a  pair  of  valves,  which  are  placed  about  2.5  cm. 
above  the  termination  of  the  vessel. 

Tributaries. —This  vein  receives  in  its  course  the  inferior  petrosal  sinus,  the  common 
facial,  lingual,  pharyngeal,  superior  and  middle  thyroid  veins,  and  sometimes  the 
occipital.  The  thoracic  duct  on  the  left  side  and  the  right  lymphatic  duct  on  the 
right  side  open  into  the  angle  of  union  of  the  internal  jugular  and  subclavian  veins. 

The  Inferior  Petrosal  Sinus  ( sinus  petrem w  inferior )  leaves  the  skull  through  the 
anterior  part  of  the  jugular  foramen,  and  joins  the  superior  bulb  of  the  internal 
jugular  vein. 

The  Lingual  Veins  (vv.  lingnales)  begin  on  the  dorsum,  sides,  and  under  surface 
of  the  tongue,  and,  passing  backward  along  the  course  of  the  lingual  artery,  end 
in  the  internal  jugular  vein.  The  vena  comitans  of  the  hypoglossal  nerve  (ranine 
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vein),  a  branch  of  considerable  size,  begins  below  the  tip  of  the  tongue,  and  may 
join  the  lingual;  generally,  however,  it  passes  backward  on  the  Hyoglossus,  and 
joins  the  common  facial. 

The  Pharyngeal  Veins  (vv.  pharyngecp)  begin  in  the  pharyngeal  plexus  on  the  outer 
surface  of  the  pharynx,  and,  after  receiving  some  posterior  meningeal  veins  and  the 
vein  of  the  pterygoid  canal,  end  in  the  internal  jugular.  They  occasionally  open 
into  the  facial,  lingual,  or  superior  thyroid  vein. 

The  Superior  Thyroid  Vein  (v.  thyreoidea  superiors)  (Fig.  579}  begins  in  the  sub¬ 
stance  and  on  the  surface  of  the  thyroid  gland,  by  tributaries  corresponding  with 
the  branches  of  the  superior  thyroid  artery,  and  ends  in  the  upper  part  of  the 
internal  jugular  vein.  It  receives  the  superior  laryngeal  and  cricothyroid  veins. 

The  Middle  Thyroid  Vein  (Figs.  580,  5S1)  collects  the  blood  from  the  lower  part 
of  die  thyroid  gland,  and  after  being  joined  by  some  veins  from  the  larynx  and 
trachea,  ends  in  the  lower  part  of  the  internal  jugular  vein. 

The  common  facial  and  occipital  veins  have  been  described. 


ExUrvol  carotid  artery 


Superior  thyroid  artery 


Vagan  mtw 


Fio.  57fJ.—Tht>  y e-inn  of  the  thyroid  gland. 


The  vertebral  vein  (e.  vertebralis)  is  formed  in  the  suboccipital  triangle,  from 
numerous  small  tributaries  which  spring  from  the  internal  vertebral  venous  plexuses 
and  Issue  from  the  vertebral  canal  above  the  posterior  arch  of  the  atlas.  They 
unite  with  small  veins  from  the  deep  muscles  at  the  upper  part  of  the  back  of 
the  neck,  and  form  a  vessel  which  enters  the  foramen  in  t lie  transverse  process 
of  the  atlas,  and  descends,  forming  a  dense  plexus  around  the  vertebral  artery, 
in  the  canal  formed  by  the  foramina  transversaria  of  the  cervical  vertebra*.  This 
plexus  ends  in  a  single  trunk,  which  emerges  from  the  foramen  transversarium  of 
the  sixth  cervical  vertebra,  and  opens  at  the  root  of  the  neck  into  the  back  part 
of  the  innominate  vein  near  its  origin,  its  mouth  being  guarded  by  a  pair  of  valves. 
On  the  right  side,  it  crosses  the  first  part  of  the  subclavian  artery. 


M  idflU  thyroid  vein 
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Tributaries, —The  vertebral  vein  communicates  with  the  transverse  sinus  by 
a  vein  which  passes  through  the  condyloid  canal,  when  that  canal  exists.  It 
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The*  fa»cia  and  ntuMlr*  thyroid  veins.  The  veins  here  designated  the  inferior  thyroid  arv  called  by 
Kochtr  the  tbyroidoa  tma  (Pother  and  (’harpy  ) 


receives  brandies  from  the  occipital  vein  and  from  the  prevertehral  muscles,  from 
the  internal  ami  external  vertebral  venous  plexuses,  from  the  anterior  vertebral 


Flu.  oSt). — Diagram  showing  common  arrangement  of  thyroid  veins.  (Kochcr.) 
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and  the  deep  cervical  veins;  close  to  its  termination  it  is  sometimes  joined  by  the 
first  intercostal  vein. 

The  Anterior  Vertebral  Vein  commences  in  a  plexus  around  the  transverse  pro¬ 
cesses  of  the  upper  cervical  vertebrae,  descends  in  company  with  the  ascending 
cervical  artery  between  the  Scalenus  anterior  and  Longus  capitis  muscles,  and 
opens  into  the  terminal  part  of  the  vertebral  vein. 


VERTEBRAL 


ASCENDING 

CERVICAL 


Fi«j  — The  vertebral  veiu.  (Poirier  ami  C harpy.) 


The  Deep  Cervical  Vein  (v.  cervical  is  profunda;  posterior  vertebral  or  posterior 
deep  cervical  vein)  accompanies  its  artery  between  the  Senxispinales  capitis  and 
colli.  It  begins  in  the  suboccipital  region  by  communicating  branches  from  the 
occipital  vein  and  by  small  veins  from  the  deep  muscles  at  the  back  of  the  neck. 
It  receives  tributaries  from  the  plexuses  around  the  spinous  processes  of  the  cer¬ 
vical  vertebra?,  and  terminates  in  the  lower  part  of  the  vertebral  vein. 


The  Diploic  Veins  (Venae  Diploic® )  (Fig.  583). 

The  diploic  veins  occupy  channels  in  the  diploe  of  the  cranial  bones.  They  are 
Urge  and  exhibit  at  irregular  intervals  pouch-like  dilatations;  their  walls  are  thin, 
and  formed  of  endothelium  resting  upon  a  layer  of  elastic  tissue. 

So  long  as  the  cranial  bones  are  separable  from  one  another,  these  veins  are 
confined  to  the  particular  bones;  but  when  the  sutures  are  obliterated,  they  unite 
with  each  other,  and  increase  in  size.  They  communicate  with  the  meningeal 
Veins  and  the  sinuses  of  the  dura  mater,  and  with  the  veins  of  the  pericranium. 
They  consist  of  (1)  the  frontal,  which  opens  into  the  supraorbital  vein  and  the 
superior  sagittal  sinus;  (2)  the  anterior  temporal,  which  is  confined  chiefly  to  the 
frontal  bone,  and  opens  into  the  sphenoparietal  sinus  and  into  one  of  the  deep 
temporal  veins,  through  an  aperture  in  the  great,  wing  of  the  sphenoid;  (3)  the 
Posterior  temporal,  which  is  situated  in  the  parietal  bone,  and  ends  in  the  transverse 
sinus,  through  an  aperture  at  the  mastoid  angle  of  the  parietal  bone  or  through  the 
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mastoid  foramen;  And  i4)  'the  occipital,  the  largest  of  .the  four,  which  is  confined 
to  the  occipital  how,  and  opens  either  externally  into  the  occipital  vein,  or  !##•> 
nallv  into  the  ttattsverse  -stnua  or  into  the  confluence  (rf  the  sinuses  (iornilnt 
llcrophili). 


— Vein*  or.  th«  tjfpjyij  a^  dl^jl^yod  by  ti^o  taoidviU  of  tho  imUjr  t&tyft  *kull. 


The  Veins  of  the  Brain. 

The  veins  of  the  brain  possess  no  vvlves,  ami  their  wsdls,  owing  to  the.  absence 
of  muscular  tissue,  are  extremely  thin.  They  pierce  the -hhaclmoul  membrane  and 
the  inner  or  uie/iirigeui  layer  of  the  dura  mater,  anti  open  into  the  cranial  vetinus 
sinuses.  They  may  Ire  divided  into  two  pet*,  cerebral  anti  cerebellar.  •  ;  ;•!";«'•• 

The  cerebral  veins  (Vo,  twlri)  aft?  'divisible  into  ex  tenia!  find  internal  -groups 
according  as  they drain  the  outer  ^uirfaries  or  the  inner  parts  of  the  hfefrttgpberes. 

The  external  veins  are  the  superior.;  .inferior,  and  middle  cerebral . 

The  Superior  Cerebral  Veins  -..'(w.  eight  to  twelve  in  number, 

drain  the  superior* iftierit],  and  medial  •surfaces .  Of  the  hemispheres,  and  are  mainly 
lodged  M  the  sfthi  between  t&et  gyri,  but  some  tup  across  the  gyri".  Thgj*  open  into 
•the  superior  sagittal  .sinus;  the  anterior  veins  runs  Pearly  at  right  angles  to  the 
sinus;  the  posterior  and  larger  veins- drV  directed  obliquely  fotward  ttsfed  open  into 
the  sinus  in  a  direction  noire  or  less  opposed.  to  the  current  of  the.  bfo'xl  contained 
within  it. 

The  Middle  Cerebral  Vein  (*,  dCri;bfi  mediii ;  &upt‘rfifinl  Sglti&H  ivtiW:)  6cgm$<* n  the- 
lateral  surface  of  tlje  hetnisphere,  and,  rtinning  aTong  the;  lateral  t^tebral  feum 
ends  in  the  cavernous  or  the  sphenoparietal  sinus.  It  is  eumieeted  so}  with  the 
superior  sagittal  sinus  by  the  great  anastomotic  veto  at Trolard,  which  opens  into  one 
of  the  superior  igi&hrgd  veins;  {b)  with  the  transverse sinus  by  the' posterior  anasto¬ 


motic  veto  of  JtohW,:vyhi<ihyeuuirxe3.  river  the  temporal  -ld^e: 

Tin-  Interior  Cerebral  Veins  (w.  i-mini  iuferwt#),  rif  small  size,  drain  the  under 
surfaces  of  the  hemispheres.  Those  on  the  orbital  surface  of  the  frontal  lobe  join 
the  superior  cerebral  veins,  arid  through  those  open  into  die  superior  sagittal 
sinus;  those 'hf --the  tetujuirol  lcdie  aHnididuiOi^  with  the  middle  cerebral  and  basal 
vehi-y,  foul  join  the  cavernous,  sphenoparietal,  nod  superior  petrosal  -stnitees. 


The  basal  Veto  is  formed  at  the  anterior  perforated  su'bstanee  by  the  union  of  (a) 
a  htnali  intenor  cwefWat  vein,  which  accompanies-  the j«itei'k*r  cerebral  arribn  .  ib) 
the  deep  middle  eepsbral  vein  (deep  Sylinim  vent),  which  femves  tributaries' from 


i)k-  insula  ivrui  mighbririog  gyri,  and  runs  in  the  lower  p».rt  of  tfe;  .lateral  eercbfal 
fissiire,  and  CkV  ite  inferior  striata  y«ias,  which  leave  the  coFpus  Stria! nth  through 
the  anterior  perforated  substance.  The  basal  Vein  passes  backward  around  the 
cwbrai  peduncle.  and  ends  in  the  internal  cerebral  vein  (.vein  of  Gninu ,  it  receives 
tributaries  from  the  interpeduncular  fossa,  the  inferior  horn  of  the  lateral  ventricle, 
tlieltipja«rampid  gjTus,  and  the  mid-brain.  '•  > 

The  Internal  Cerebral  Veins  (w,  cerebri  ivierntr;  veins  of.  Galen:  deep  cerebral 
riwi  drain  the  deep  parts  of  the hemisphere  and  are  two  in  number;  each  is  formed 
near  the  interventricular  foramen  by  the, union  of  the  terminal  and  chMtad  veins. 
They  .run  baerkvoard  parallel  with  6ne  bnddmrybgtw^^  bf  the  tela 

drorioidva.  of  the  third  v  entricle,  and  beneath  the  s|>Jen,ium  of  the  corpus  callosum, 
where  they  unite  to  form  !  a  short  trtmfe,  the  great  cerebral  vein;  just'  before  their 
union  each  receives  the  corresponding  basal  vein . 

The  terminal  vein  (r-  terminulis;  vena  cut  pons  strittti)  commence, y  hr  the  groove 
between  the  corpus  stria t mu  and  'thalamus,  receives  amWmns  veins  from.  both 
•if  these  parts,  hud  unites- behind  the  crus  fornk-is  w  itli  the  choroid  vein,  to  form 
one  ..f  the  internal  cerebral  veins.  The  choroid  vein  runs  along  the.  whole  length  of 
the  choroid  plexus,  and  receives  veins-  if rota.  the  .hip|.a«-ati*pus»,  the  fotni-s,  and  the 
mrp(is-'caI!o&tim.  ‘  : 
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;TheGwa*  Cerebral  Vem  \0nleni\{  great  -vein  of  Galen}  Si), 

Wr/ie<l  Jty  the  union  of  the two  iiitenud  cerebral  veins,  js  a  short  roedian  trunk 
f(hk*t,r  carves  backward  awl  upward  around  the  spktiiurn  of  the  corpus  callosum 
•Vid  cwte  in  the  teitetwr&iu^hy  of  the  $tw#h%  sinus,  .  . 

IVeerebettar  wins  surtee?  of  the  tprehelliina,  ami  di$- 

two  sets,  superior  acid  interior.  The  superior  cerebellar  veins  {w:  vtrel>elli 
•puf.s- partly  forward  and  Jnediab.vw'nj,  across  the  superior  \  trrnis.  to  end 
itiiheHtmi^ht-  frteus.aiid  the  internal  ^mbrnl  veins,  partly  lateral  ward  to  tbetraiis- 
vene  and' superior  petrosal  sinuses,  The  inferior  cerebellar  veins  (rr.  vcre.hvih  it* ft- 
fibre*!  of  largfc  size,  end  in  the  transverse,  superior  petrosal*  and  occipital  stiluses. 
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The  Sinuses  of  the  Dura  Mater  (Sinus  Duras  M&trish  Ophthalmic  Veins  and 

Emissary  Veins. 

The  sinuses  of  the  dura  mater  are  venous  channels  which  drain  the  blood  from  the 
brain;  they  are  devoid  of  valves,  and  are  situated  between  the  two  layers  of  the 
dura  mater  and  lined  by  endothelium  continuous  with  that  which  lines  the  veins. 
They  may  be  divided  into  two  groups:  (1)  a  postero-superior,  at  the  upper  and  back 
part  of  the  skull,  and  (2)  an  antero-inferior,  at  the  base  of  the  skull. 

The  f>ostero~superior  group  comprises  the 

Superior  Sagittal.  Straight. 

Inferior  Sagittal.  Two  Transverse. 

Occipital. 


Dural  Vrin 


JoeUKi 


Vtt<AXL*  lacum 


E i<i  5$5. —  Superior  sagittal  sinus  Laid  open  after  rsmova  of  the  skull  cap.  The  chorda?  WiiU.au  aro  ctoarly  **a 
The  vcqous  lacunae  arc  also  well  shown;  from  two  of  them  probes  are  passed  into  the  superior  sagittal 
(Poirier  and  Charpy.) 

The  superior  sagittal  sinus  {sinus  sagittal  is  superior;  superior  longitudinal  sinus) 
(Figs.  585,  586)  occupies  the  attached  or  convex  margin  of  the  falx  cerebri.  Com¬ 
mencing  at  the  foramen  cecum,  through  which  it  receives  a  vein  from  the  nasal 
cavity,  it  runs  from  before  backward,  grooving  the  inner  surface  of  the  frontal 
the  adjacent  margins  of  the  two  parietals,  ami  the  superior  division  of  the  cruciate 
eminence  of  the  occipital;  near  the  internal  occipital  protuberance  it  deviates  to 
one  or  other  side  (usually  the  right),  and  is  continued  as  the  corresponding  trans¬ 
verse  sinus.  It  is  triangular  in  section,  narrow  in  front,  and  gradually  increases  in 
size  as  it  passes  backward.  Its  inner  surface  presents  the  openings  of  the  superior 
cerebral  veins,  which  run,  for  the  most  part.,  obliquely  forward,  and  open  chiefly 
at  the  back  part  of  the  sinus,  their  orifices  being  concealed  by  fibrous  folds ;  numerous 
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the  brain. 


The  inferior  sagittal  sinus  (sinus  sagiliali s  inferior;  inferior  longitudinal  sinus) 
IFig.  586)  is  contained  in  the  posterior  half  or  two-thirds  of  the  free  margin  of  the 
falx  cerebri.  It  is  of  a  cylindrical  form,  increases  in  size  as  it  passes  backward,  and 
ends  in  the  straight  sinus.  It  receives  several  veins  from  the  falx  cerebri,  and 
occasionally  a  few  from  the  medial  surfaces  of  the  hemispheres. 

The  straight  sinus  (sinus  rectus;  tentorial  sinus)  (Figs.  5S6,  5SS)  is  situated  at 
the  line  of  junction  of  the  falx  cerebri  w  ith  the  tentorium  cerebelli.  It  is  triangular 
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fibrous  bands  (chorda;  Willini)  extend  transversely  across  the  inferior  angle  of 
the  sinus;  and,  lastly,  small  openings  communicate  with  irregularly  shaped  venous 
spaces  ( venous  lacuna:)  in  the  dura  mater  near  the  sinus.  There  are  usually  three 
lacuna*  on  either  side  of  the  sinus:  a  small  frontal,  a  large  parietal,  and  an  occipital, 
intermediate  in  size  between  the  other  two  (Sargent1).  Most  of  the  cerebral 
veins  from  the  outer  surface  of  the  hemisphere  open  into  these  lacunae,  and  numer¬ 
ous  arachnoid  granulations  (Pacchionian  bodies)  project  into  them  from  below7. 
The  superior  sagittal  sinus  receives  the  superior  cerebral  veins,  veins  from  the  diploe 
and  dura  mater,  and,  near  the  posterior  extremity  of  the  sagittal  suture,  veins  from 
the  pericranium,  which  pass  through  the  parietal  foramina. 

The  numerous  communications  exist  between  this  sinus  and  the  veins  of  the 
nose,  scalp,  and  diploe. 


Cfr*t u  r*rel*r<jJ  vein 

GSiftypAa ryniTcal  Am# 


Yu#**  nmyr  j 

Jxcsftior# it  . 

■  'W<r/M  j  [  . 

Ffr-uU  wAs  J  Ay  t  ’i  ¥ 

AWwfir  r-rj-n: 

r»C.  oS6. — Dura  mater  and  its  processes  exposed  by  removing  pert  of  the  right  half  of  the  skull,  and 
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in  section,  increases  in  size  as  it  proceeds  backward,  and  runs  downward  and  back¬ 
ward  from  the  end  of  the  inferior  sagittal  sinus  to  the  transverse  sinus  of  the  oppo- 


*!Fbramen  cccum 


Torcular  ktrufwfi 


Ffo.  6-S7.— Sagittal  section  c4  the  skull,  showing  the  sinuses  of  the  dura. 


Internal  earatul  a tiery 

j  OcHt  fomtiU/f  asm 


Optic  nerve 

■IXitpkraifnti r  wtla?  \ 


tiutrplH,  'iftenctnnm 


Free  margifi  uj  /rttfotriiAM 


CoHjluiue*  of  ih#  tinwtet 
Kid.  <>£-$. — Tentorium  cereb«ll»  from  above. 


site  side  to  that  into  which  the  superior  sagittal  sinus  is  prolonged.  Its 
part  communicates  by  a  cross  branch  with  the  confluence  of  the  sinuses 


the  inferior  sagittal  sinus,  it  receives  the  great  cerebral  vein  {great  vein  of  Galen) 
and  the  superior  cerebellar  veins.  A  few  transverse  bands  cross  its  interior. 

The  transverse  sinuses  ( sinus  tranxversus;  lateral  tinnse#)  (Figs.  588,  589)  are 
of  large  size  and  begin  at  the  internal  occipital  protuberance;  one,  generally  the 
right,  being  the  direct  continuation  of  the  superior  sagittal  sinus,  the  other  of  the 
straight  sinus.  Each  transverse  sinus  passes  lateral  ward  and  forward,  describing 
a  slight  curve  with  its  convexity  upward,  to  the  base  of  the  petrous  portion  of 
the  temporal  bone,  and  lies,  in  this  part  of  its  course,  in  the  attached  margin  of 
the  tentorium  cerebelli;  it  then  leaves  the  tentorium  and  curves  downward  and 


frvotof  pnip'.hrce 


Sup.  (VpJl- 

thpijTUc  vein 


rrietal 

sinus 


Jtfod  of  straight  sin  f  M&ral  art*  ry 

Superior  sagittal  &inus 
Flo.  589. — The  tripufe#  at  the  base  nf  the  skull. 


medialward  to  reach  the  jugular  foramen,  where  it  ends  in  the  internal  jugular 
vein.  In  its  course  it  rests  upon  the  squama  of  the  occipital,  the  mastoid  angle 
of  the  parietal,  the  mastoid  part  of  the  temporal,  and,  just  before  its  termination, 
the  jugular  process  of  the  occipital;  the  portion  which  occupies  the  groove  on  the 
mastoid  part  of  the  temporal  is  sometimes  termed  the  sigmoid  sinus.  The  trans¬ 
verse  sinuses  are  frequently  of  unequal  size,  that  formed  by  the  superior  sagittal 
sinus  being  the  larger;  they  increase  in  size  as  they  proceed  from  behind  forward. 
On  transverse  section  the  horizontal  portion  exhibits  a  prismatic,  the  curved 
portion  a  semicylindrieal  form.  They  receive  the  blood  from  the  superior  petrosal 
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sinuses  at  the  base  of  the  petrous  portion' of  the  temporal' bone;  they  oommumm* 
with  the  veio.i  of  the  peri  era  ?du  m  by  of  the  .mastoid ami  mndyluid  emo-ary 

vein*; a n* I  they  revive  some  of  f  he  Inferior  cerebral  and  inferior  cerebellar  veiny 
and  some  veins  from  the  ,T!W>  petrcr3qa^Dai>iis  sinus,  ^hen  pre*e*U,  ruie 

badhi&jrd  along  the  juuetimi  of  the  srpjaura  and  porous  purffcon  of  the  Teipporefl, 
aiid  ^opetfs  info  the  ira&*Veite$ 

The  oecipital  siaus ':(&nm  etyipifalm  (Pig,  ;3S9)  te  the  smallest  of  the .eranUl 
sinuses,  it  j*  -  reu  it »'<l  it«  the  attached .margin  of  the  falx  evrvbeHi,  and  is  generrdly 
-iStit onul ty.-  there  are  /hero  It  #«nnti  the  margin  of  the  for¬ 

amen  magnum  t>y  several  small  venous  dun  mete,  one  of  which  joins  the  terrain:*! 
part  o\  the  transverse  si mr>;  if.  er.mimmi rates  with  the  posterior  internal  vem  ?<rri 
venous  plexuses  and  ends  in  the  confluence  of  the  sintt&fcs 
•  of:  tfc*.  S*!M&ea  (ronjlnrtix  *hmitw  ;  iorcnlar.  Ilerbphni)  k  rte  tern, 

to  the  dilated,  extremity  of  the  superior  sagittal  dnus.  J.t  is  of  irregaW 
form,  and  te  lodged  on  oho  side  (generally  the  right)  of  the  internal  occipital  pfn? 
tuberaore.  From  ir  the  transverse  sinus  of  the  same  side  h  derived  it  reyeiv** 
also  til e  blood  from  the  occipital  sinus,  and  h  connected  across  the  jiiiddle  hije  ^ id* 
the  eontttmimnem  of  the  transverse  sinus  of  the  opposite  side. 

Thi?  antero-inferior  group  of  sinuses  comprises  the 

Two  i  ;  Two'Sh'l^rior  Peth*>sah 

Two-  intercavernous  Two  Inferior  Pet rosal. 

Basilar  Plexus, 


The  cavernous  sinuses  mnus  tvwrrmu*)  (Kigs.  ,>S9,-  5(Hn  arc  so  named  because 

they  present  a  rat  iyulated 'Str^ijetii'r^i idu^'to  their  being  traversed  by- ymmerons  boer- 

fiiarpents.  They  are  pti/regal*? 
fvrprh  larger  held rid  th a n  in  front,  aid 
are  placed 0*iie-  m  either  side  ef  the 
borty/of  riie  sphenoid  bone*  exuyuihig 
from  rib?  superior  orbital  fenupr  te 
the  apes  <£  the  petrous;  yr 

the  teniporal  bone.  Each  cpeiK?  be- 
hind  into  the  petrosal  On 

the  media!  >val  I  of  -th*?. 

interna l  carotid  artery,  accOmpatiirii' 
by  filaments,  of  the  fr&xo^' 
t«ear  thearb^tes  tlie  abducent  nerve 
on  tlie,  lateral  yrsfi 
and  trochlear  nerves  apd  the:  opfe- 

-  v  ...  ,v.  . .  th&Itnic  and  xnaxiliary 

the  triyemmal  nerve  (Tig...  i&db  These  structures  are  separated  from  the 

the.  .sinus  by  the  lining  membrane  of  the  sinus.  The  s:a^er|^ 
sinus  reveries  the  superior  ophthalmic ^  vem  th rough  the  superior  orbmti  feud*, 
some  of  the  cerebral  vans;  and  aim  the  small . sphempmvfttil  sinus.,  vvhkh 
along  the  under  surface  of  tire  small  wfjjg  pf  the  sphenoid.  It  eommnnit  iUfb  *$h- 
the  transverse  sinus  1»\  man  ns  of  the  mpvrior  petrosa!  ninus;  with  the  mmrori 
jugular'  Vein  through  the  inferior  petrosal  sinus  and  a  plexus- vif  veins  on  the  uov-c 
mi  carotid,  artery,;  with  the  ptm'iroiil  von^tte  plexps.  thnuigdi  the  furauivn 
foramen  ovale,  and  foramen  iaeermsp >nd  yk\h  the  angular’  vein  throuirh  d?v 
ophthalmic-'  vein.  The  i wo  sinuses  also  .eornmiiriicate  'with  each  other  by  tnerae 
of  the  anterior  apd  posterior  iutt  reavernous  sinuses. 

The  ophthalmic  veins  (1^^. :  59.1)y.';two:  in  number,  superior  and  ’  ijdetiixt,  are 
devoid  ni  valves. 


Internal*  carat  id  art  zry 
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The  Superior  Ophthalmic  Vein  (u.  ophtkalmica  superior )  begins  at  the  inner  angle 
of  the  orbit  in  a  vein  named  the  nasofrontal  which  communicates  anteriorly  with  the 
angular  vein;  it  pursues  the  same  course  as  the  ophthalmic  artery,  and  receives 
tributaries  corresponding  to  the  branches  of  that  vessel.  Forming  a  short  single 
trunk,  it  passes  bet  ween  the  two  heads  of  the  Rectus  lateralis  and  through  the  medial 
part  of  the  superior  orbital  fissure,  and  ends  in  the  cavernous  sinus. 

The  Inferior  Ophthalmic  Vein  (r.  ophlhalmica  inferior)  begins  in  a  venous  net-work 
at  the  forepart  of  the  floor  and  medial  wall  of  the  orbit;  it  receives  some  veins  from 
the  Rectus  inferior,  Obliquus  inferior,  lacrimal  sac  and  eyelids,  runs  backward  in 
the  lower  part  of  the  orbit  and  divides  into  two  branches.  One  of  these  passes 
through  the  inferior  orbital  fissure  and  joins  the  pterygoid  venous  plexus,  while 
the  other  enters  the  cranium  through  the  superior  orbital  fissure  and  ends  in  the 
cavernous  sinus,  either  by  a  separate  opening,  or  more  frequently  in  common  with 
the  superior  ophthalmic  vein. 


Fio.  601. — Veina  of  orbit.  (Poirier  and  Charpy.) 


The  intercavernous  sinuses  (sini  intercaverrwsi)  (Fig,  589)  are  two  in  number,  an 
anterior  and  a  posterior,  and  connect  the  two  cavernous  sinuses  across  the  middle 
line.  The  anterior  passes  in  front  of  the  hypophysis  cerebri,  the  posterior  behind  it, 
and  they  form  with  the  cavernous  sinuses  a  venous  circle  (circular  sinus)  around  the 
hypophysis.  The  anterior  one  is  usually  the  larger  of  the  two,  and  one  or  other  is 
occasionally  absent. 

The  superior  petrosal  sinus  (sinus  petrosas  superior)  (Fig.  589)  small  and  narrow, 
connects  the  cavernous  with  the  transverse  sinus,  It  runs  lateralward  and  back¬ 
ward,  from  the  posterior  end  of  the  cavernous  sinus,  over  the  trigeminal  nerve, 
and  lies  in  the  attached  margin  of  the  tentorium  cerebelli  and  in  the  superior 
petrosal  sulcus  of  the  temporal  bone;  it  joins  the  transverse  sinus  where  the  latter 
curves  downward  on  the  inner  surface  of  the  mastoid  part  of  the  temporal.  It 
receives  some  cerebellar  and  inferior  cerebral  veins,  and  veins  from  the  tympanic 
cavity. 

The  inferior  petrosal  sinus  (sinus  petrosas  inferior)  (Fig.  589)  is  situated  in  the 
inferior  petrosal  sulcus  formed  by  the  junction  of  the  petrous  part  of  the  temporal 
with  the  basilar  part  of  the  occipital.  It  begins  in  the  posteroinferior  part  of  the 
cavernous  sinus,  and,  passing  through  the  anterior  part  of  the  jugular  foramen, 
ends  in  the  superior  bulb  of  the  internal  jugular  vein.  The  inferior  petrosal  sinus 
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receives  the  internal  auditory  veins  and  also  veins  from  the  medulla  oblongata, 
pons,  and  under  surface  of  the  cerebellum. 

The  exact  relation  of  the  parts  to  one  another  in  the  jugular  foramen  is  as  follows: 
the  inferior  petrosal  sinus  lies  medially  and  anteriorly  with  the  meningeal  branch 
of  the  ascending  pharyngeal  artery,  and  is  directed  obliquely  downward  and  back¬ 
ward;  the  transverse  sinus  is  situated  at  the  lateral  and  back  part  of  the  foramen 
with  a  meningeal  branch  of  the  occipital  artery,  and  between  the  two  sinuses  are 
the  glossopharyngeal,  vagus,  and  accessory  nerves.  These  three  sets  of  structures 
are  divided  from  each  other  by  two  processes  of  fibrous  tissue.  The  junction  of  the 
inferior  petrosal  sinus  with  the  internal  jugular  vein  takes  place  on  the  lateral 
aspect  of  the  nerves. 

The  basilar  plexus  (plexus  basilaris;  transverse  or  basilar  sinus )  (Fig.  590)  con¬ 
sists  of  several  interlacing  venous  channels  between  the  layers  of  the  dura  mater 
over  the  basilar  part  of  the  occipital  bone,  and  serves  to  connect  the  two  inferior 
petrosal  sinuses.  It  communicates  with  the  anterior  vertebral  venous  plexus. 

Emissary  Veins  (emissaria). — The  emissary  veins  pass  through  apertures  in  the 
cranial  wall  and  establish  communication  between  the  sinuses  inside  the  skull  and 
the  veins  external  to  it.  Some  are  always  present,  others  only  occasionally  so. 
The  principal  emissary  veins  are  the  following:  (1)  A  mastoid  emissary  vein, 
usually  present,  runs  through  the  mastoid  foramen  and  unites  the  transverse  sinus 
with  the  posterior  auricular  or  with  the  occipital  vein.  (2)  A  parietal  emissary 
vein  passes  through  the  parietal  foramen  and  connects  the  superior  sagittal  sinus 
with  the  veins  of  the  scalp.  (3)  A  net-work  of  minute  veins  (rete  canalis  hypoglossi ) 
traverses  the  hypoglossal  canal  and  joins  the  transverse  sinus  with  the  vertebral 
vein  and  deep  veins  of  the  neck.  (4)  An  inconstant  condyloid  emissary  vein  passes 
through  the  condyloid  canal  and  connects  the  transverse  sinus  with  the  deep  veins 
of  the  neck.  (5)  A  net-work  of  veins  (rete  foraminis  ovalis)  unites  the  cavernous 
sinus  with  the  pterygoid  plexus  through  the  foramen  ovale.  (6)  Two  or  three  small 
veins  run  through  the  foramen  lacerum  and  connect  the  cavernous  sinus  with  the 
pterygoid  plexus.  (7)  The  emissary  vein  of  the  foramen  of  Vesalius  connects  the 
same  parts.  (8)  An  internal  carotid  plexus  of  veins  traverses  the  carotid  canal  and 
unites  the  cavernous  sinus  with  the  internal  jugular  vein.  (9)  A  vein  is  trans¬ 
mitted  through  the  foramen  cecum  and  connects  the  superior  sagittal  sinus  with 
the  veins  of  the  nasal  cavity. 

THE  VEINS  OF  THE  UPPER  EXTREMITY  AND  THORAX. 

The  veins  of  the  upper  extremity  are  divided  into  two  sets,  superficial  and  deep; 
the  two  sets  anastomose  frequently  with  each  other.  The  superficial  veins  are 
placed  immediately  beneath  the  integument  between  the  two  layers  of  superficial 
fascia.  The  deep  veins  accompany  the  arteries,  and  constitute  the  venae  comi- 
tantes  of  those  vessels.  Both  sets  are  provided  with  valves,  which  are  more 
numerous  in  the  deep  than  in  the  superficial  veins. 

The  Superficial  Veins  of  the  Upper  Extremity. 

The  superficial  veins  of  the  upper  extremity  are  the  digital,  metacarpal,  cephalic, 
basilic,  median. 

Digital  Veins. — The  dorsal  digital  veins  pass  along  the  sides  of  the  fingers  and 
are  joined  to  one  another  by  oblique  communicating  branches.  Those  from  the 
adjacent  sides  of  the  fingers  unite  to  form  three  dorsal  metacarpal  veins  (Fig. 
592),  which  end  in  a  dorsal  venous  net-work  opposite  the  middle  of  the  meta¬ 
carpus.  The  radial  part  of  the  net-work  is  joined  by  the  dorsal  digital  vein  from  the 
radial  side  of  the  index  finger  and  by  the  dorsal  digital  veins  of  the  thumb,  and 
is  prolonged  upward  as  the  cephalic  vein.  The  ulnar  part  of  the  net-work  receives 
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the  dorsal  digital  vein  of  the  ulnar  side  of  the  little  finger  and  is  continued  upward 
as  the  basilic  vein.  A  communicating  branch  frequently  connects  the  dorsal 
venous  network  with  the  cephalic  vein  about  the  middle  of  the  forearm. 

The  volar  digital  veins  on  each  finger  are  connected  to  the  dorsal  digital  veins 
by  oblique  intercapitular  veins.  They  drain  into 


plexus  which  is  situated 
over  the  thenar  and  hypothenar  eminences  and  across  the  front  of  the  wrist. 


Basilic 
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Fio.  5l»2  — Tho  vein*  on  tb«  dorsum  of  the  hand.  (Bour^eryd 

The  cephalic  vein  (Fig.  593)  begins  in  the  radial  part  of  the  dorsal  venous  net' 
«*ufk  and  winds  upward  around  the  radial  border  of  the  forearm,  receiving  tribu¬ 
taries  from  both  surfaces.  Below  the  front  of  the  elbow  it  gi  ves  off  the  vena  medians 
cabiti  (median  basilic  vein),  which  receives  a  communicating  branch  from  the  deep 
veins  of  the  forearm  and  passes  across  to  join  the  basilic  vein.  The  cephalic  vein 
then  ascends  in  front  of  the  elbow  in  the  groove  between  the  Brachioradialis  and 
the  Biceps  brachii,  It  crosses  superficial  to  the  musculocutaneous  nerve  and  ascends 
‘D  the  groove  along  the  lateral  border  of  the  Biceps  brachii.  In  the  upper  third 
of  the  arm  it  passes  between  the  Pectoralis  major  and  Deltoideus,  where  it  is  aceom- 
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panied  by  the  deltoid  branch  of  the  thoracoacromial  artery.  It  pierces  thecoraco 
clavicular  fascia  and,  crossing  the  axillary  artery,  ends  in  the  axillary  vein  just 
below  the  clavicle.  Sometimes  it  communicates  with  the  external  jugular  vein 

by  a  branch  which  ascends  in  front 
of  the  clavicle. 

The  accessory  cephalic  vein  fr. 

cephalic  a  accessor  ia)  arises  either 
from  a  small  tributary  plexus  on 
the  back  of  the  forearm  or  from 
the  ulnar  side  of  the  dorsal  venous 
net-work;  it  joins  the  cephalic  be¬ 
low  the  elbow.  In  some  cases  the 
accessory  cephalic  springs  from 
the  cephalic  above  the  wrist  and 
joins  it  again  higher  up.  A  large 
oblique  branch  frequently  con¬ 
nects  the  basilic  and  cephalic  veins 
on  the  back  of  the  forearm. 

The  basilic  vein  (r.  basilin' 
(Fig.  593)  begins  in  the  ulnar  part 
of  the  dorsal  venous  network.  It 
runs  up  the  posterior  surface  of 
the  ulnar  side  of  the  forearm  and 
inclines  forward  to  the  anterior 
surface  below  the  elbow,  where  it 
is  joined  by  the  vena  mediana 
eubiti.  It  ascends  obliquely  in 
the  groove  between  the  Biceps 
braehii  and  Pronator  teres  and 
crosses  the  brachial  artery,  from 
which  it  is  separated  bv  thelacertus 
fibrosus;  filaments  of  the  medial 
antibrachiai  cutaneous  nerve 
both  in  front  of  and  behind  this 
portion  of  the  vein.  It  then  runs 
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593. — The  Huperficiui  voin.ii  of  the  upper  extremity 


THE  DEEP  VEINS  OF  THE  UPPER  EXTREMITY 


The  deep  veins  follow  the  course  of  the  arteries,  forming  their  veroe  comitantes. 
They  are  generally  arranged  in  pairs,  and  are  situated  one  on  either  side  of  the 
corresponding  artery,  and  connected  at  intervals  by  short  transverse  branches. 

Deep  Veins  o!  the  Hand. — The  superficial  and  deep  volar  arterial  arches  are 
each  accompanied  by  a  pair  of  vome  comitantes  which  constitute  respectively 
the  superficial  and  deep  volar  venous  arches,  and  receive  the  veins  corresponding 
to  the  branches  of  the  arterial  arches;  thus  the  common  volar  digital  veins,  formed  by 
the  union  of  the  proper  volar  digital  veins*  open  into  the  superficial,  and  the  volar 
metacarpal  veins  into  the  deep  volar  venous  arches.  The  dorsal  metacarpal  veins 
receive  perforating  branches 
from  the  volar  metacarpal 
veins  and  end  in  the  radial 
veins  and  in  the  superficial 
veins  on  the  dorsum  of  the 
wrist. 

The  deep  veins  of  the  fore¬ 
arm  are  the  venae  comitantes 
of  the  radial  and  ulnar  veins 
and  constitute  respectively  the 
upward  continuations  of  the 
deep  arid  superficial  volar 
venous  arches;  they  unite  in 
front  of  the  elbow  to  form 
the  brachial  veins.  The  radial 
veins  are  smaller  than  the  ulnar 
and  receive  the  dorsal  meta¬ 
carpal  veins.  The  ulnar  veins 
receive  tributaries  from  the 
deep  volar  venous  arches  and 
communicate  with  the  super¬ 
ficial  veins  at  the  wrist;  near 
the  elbow  they  receive  the  volar 
and  dorsal  interosseous  veins 
and  send  a  large  communicat¬ 
ing  branch  (profunda  vein)  to 
the  vena  mediana  cubiti. 

The  brachial  veins  (vt. 
brack  in  lei)  are  placed  one  on 

either  side  of  the  brachial  Flo.  &>4. — Tbwdeep  veiua  of  ibo  tipper  extremity;  (Iiourgt*ry  ) 
artery,  receiving  tributaries 

corresponding  with  the  branches  given  off  from  that  vessel;  near  the  lower  margin 
of  the  SubscapuJaris,  they  join  the  axillary  vein;  the  medial  one  frequently  joins 
the  basilic  vein. 

These  deep  veins  have  numerous  anastomoses,  not  only  with  each  other,  but 
also  with  the  superficial  veins. 

The  axillary  vein  (ik  axillaris)  begins  at  the  lower  border  of  the  Teres  major, 
as  the  continuation  of  the  basilic  vein,  increases  in  size  as  it  ascends*  and  ends  at  the 
outer  border  of  the  first  rib  as  the  subclavian  vein.  Near  the  lower  border  of 
the  Subscapu laris  it  receives  the  brachial  veins  and,  close  to  its  termination,  the 
cephalic  vein;  its  other  tributaries  correspond  with  the  branches  of  the  axillary 
artery.  It  lies  on  the  medial  side  of  the  artery,  which  it  partly  overlaps;  between 
the  two  vessels  are  the  medial  cord  of  the  brachial  plexus,  the  median,  the  ulnar. 
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of  the  6rst  rib,  close  to  the  right  border  of  the  sternum,  to  form  the  superior  vena 
cava.  It  lies  in  front  and  to  the  right  of  the  innominate  artery;  oil  Its  right  side 


. 

.M  i 


thyroid 


'Exlxnwl  •jugular 


MuWc 

thyroid 


InteMiil 

mmiirnry 


Inferior 

phrenic 


Supronml 


Suprarenal 


Fig.  090. — The  ven©  cava?  and  navies  veins,  with  their  tributaries. 

^the  phrenic  nerve  and  the  pleura,  which  are  interposed  between  it  and  the  apex 
°f  the  lung.  This  vein,  at  its  commencement,  receives  the  right  vertebral  vein ;  and, 
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lower  down,  the  right  internal  mammary  and  right  inferior  thyroid  veins,  and  some¬ 
times  the  vein  from  the  first  intercostal  space. 

The  Left  Innominate  Vein  (r.  anonyma  sinistra ),  about  6  cm.  in  length,  begins 
behind  the  sternal  end  of  the  clavicle  and  runs  obliquely  downward  and  to  the 
right  behind  the  upper  half  of  the  manubrium  sterni  to  the  sternal  end  of  the  first 
right  costal  cartilage,  where  it  unites  with  the  right  innominate  vein  to  form  the 
superior  vena  cava.  It  is  separated  from  the  manubrium  sterni  by  the  Sterno- 
hyoideus  and  Sternothyreoideus,  the  thymus  or  its  remains,  and  some  loose  areolar 
tissue.  Behind  it  are  the  three  large  arteries,  innominate,  left  common  carotid,  and 
left  subclavian,  arising  from  the  aortic  arch,  together  with  the  vagus  and  phrenic 
nerves.  The  left  innominate  vein  may  occupy  a  higher  level,  crossing  the  jugular 
notch  and  lying  directly  in  front  of  the  trachea. 

Tributaries. — Its  tributaries  are  the  left  vertebral,  left  internal  mammary,  left 
inferior  thyroid,  and  the  left  highest  intercostal  veins,  and  occasionally  some 
thymic  and  pericardiac  veins. 

Peculiarities. — Sometimes  the  innominate  veins  open  separately  into  the  right  atrium;  in 
such  cases  the  right  vein  takes  the  ordinary  course  of  the  superior  vena  cava;  the  left  vein— 
left  superior  vena  cava,  as  it  is  then  termed — which  may  communicate  by  a  small  branch  with 
the  right  one,  passes  in  front  of  the  root  of  the  left  lung,  and,  turning  to*  the  back  of  the  heart, 
ends  in  the  right  atrium.  This  occasional  condition  in  the  adult  is  due  to  the  persistence  of  the 
early  fetal  condition,  and  is  the  normal  state  of  things  in  birds  and  some  mammalia. 

The  internal  mammary  veins  (w.  mammarice  internee)  are  venae  comitantes 
to  the  lower  half  of  the  internal  mammary  artery,  and  receive  tributaries  corre¬ 
sponding  to  the  branches  of  the  artery.  They  then  unite  to  form  a  single  trunk, 
which  runs  up  on  the  medial  side  of  the  artery  and  ends  in  the  corresponding 
innominate  vein.  The  superior  phrenic  vein,  i.  e.f  the  vein  accompanying  the  peri¬ 
cardiacophrenic  artery,  usually  opens  into  the  internal  mammary  vein. 

The  inferior  thyroid  veins  (w.  thyreoidece  inferiores)  two,  frequently  three  or 
four,  in  number,  arise  in  the  venous  plexus  on  the  thyroid  gland,  communicating 
with  the  middle  and  superior  thyroid  veins.  They  form  a  plexus  in  front  of  the 
trachea,  behind  the  Sternothyreoidei.  From  this  plexus,  a  left  vein  descends  and 
joins  the  left  innominate  trunk,  and  a  right  vein  passes  obliquely  downward  and  to 
the  right  across  the  innominate  artery  to  open  into  the  right  innominate  vein, 
just  at  its  junction  with  the  superior  vena  cava;  sometimes  the  right  and  left  veins 
open  by  a  common  trunk  in  the  latter  situation.  These  veins  receive  esophageal 
tracheal,  and  inferior  laryngeal  veins,  and  are  provided  with  valves  at  their 
terminations  in  the  innominate  veins. 

The  highest  intercostal  vein  (r.  intercostalis  suprema;  superior  intercostal  reins) 
(right  and  left)  drain  the  blood  from  the  upper  three  or  four  intercostal  spaces. 
The  right  vein  (r.  intercostalis  suprema  dexira)  passes  downward  and  opens  into  the 
vena  azygos;  the  left  vein  (v.  intercostalis  suprema  sinistra)  runs  across  the  arch 
of  the  aorta  and  the  origins  of  the  left  subclavian  and  left  common  carotid 
arteries  and  opens  into  the  left  innominate  vein.  It  usually  receives  the  left 
bronchial  vein,  and  sometimes  the  left  superior  phrenic  vein,  and  communicates 
below  with  the  accessory  hemiazygos  vein. 

The  superior  vena  cava  (v.  cava  superior)  drains  the  blood  from  the  upper  half 
of  the  body.  It  measures  about  7  cm.  in  length,  and  is  formed  by  the  junction  of 
the  two  innominate  veins.  It  begins  immediately  below  the  cartilage  of  the  right 
first  rib  close  to  the  sternum,  and,  descending  vertically  behind  the  first  and  second 
intercostal  spaces,  ends  in  the  upper  part  of  the  right  atrium  opposite  the  upper 
border  of  the  third  right  costal  cartilage:  the  lower  half  of  the  vessel  is  within  the 
pericardium.  In  its  course  it  describes  a  slight  curve,  the  convexity  of  which  is 
to  the  right  side. 
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ftalfttians. — In  front  are  the  anterior  margins  of  the  right  lung  and  pleura  with  the  pericardium 
Intervening  below;  these  separate  it  from  the  first  and  second  intercostal  spaces  and  from  the 
second  and  third  right  costal  cartilages;  behind  it  are  the  root  of  the  right  lung  and  the  right 
vagus  nerve.  On  its  right  side  are  the  phrenic  nerve  and  right  pleura;  on  its  left  side,  the  com¬ 
mencement  of  the  innominate  artery  and  the  ascending  aorta,  the  latter  overlapping  it.  Just 
before  it  pierces  the  pericardium,  it  receives  the  azygos  vein  and  several  small  veins  from  the 
pericardium  and  other  contents  of  the  mediastinal  cavity.  The  portion  contained  within  the 
pericardium  is  covered,  in  front  and  laterally,  by  the  serous  layer  of  the  membrane.  The  superior 
vena  cava  has  no  valves. 

The  azygos  vein  (v.  azygos ;  vena  azygos  major)  begins  opposite  the  first  or  second 
lumbar  vertebra,  by  a  branch,  the  ascending  lumbar  vein  (page  682) ;  sometimes  by 
a  branch  from  the  right  renal  vein,  or  from  the  inferior  vena  cava.  It  enters  the 
thorax  through  the  aortic  hiatus  in  the  diaphragm,  and  passes  along  the  right  side 
of  the  vertebral  column  to  the  fourth  thoracic  vertebra,  where  it  arches  forward 
over  the  root  of  the  right  lung,  and  ends  in  the  superior  vena  cava,  just  before 
that  vessel  pierces  the  pericardium.  In  the  aortic  hiatus,  it  lies  with  the  thoracic 
duct  on  the  right  side  of  the  aorta;  in  the  thorax  it  lies  upon  the  intercostal  arteries, 
on  the  right  side  of  the  aorta  and  thoracic  duct,  and  is  partly  covered  by  pleura. 

Tributaries. — It  receives  the  right  subcostal  and  intercostal  veins,  the  upper  three 
or  four  of  these  latter  opening  by  a  common  stem,  the  highest  superior  intercostal 
vein.  It  receives  the  hemiazygos  veins,  several  esophageal,  mediastinal,  and  peri¬ 
cardial  veins,  and,  near  its  termination,  the  right  bronchial  vein.  A  few  imperfect 
valves  are  found  in  the  azygos  vein;  but  its  tributaries  are  provided  with  complete 
valves. 

The  intercostal  veins  on  the  left  side,  below  the  upper  three  intercostal  spaces, 
usually  form  two  trunks,  named  the  hemiazygos  and  accessory  hemiazygos  veins. 

The  Hemiazygos  Vein  (v.  hemiazygos;  vena  azygos  minor  inferior)  begins  in  the 
left  ascending  lumbar  or  renal  vein.  It  enters  the  thorax,  through  the  left  crus 
of  the  diaphragm,  and,  ascending  on  the  left  side  of  the  vertebral  column,  as  high 
as  the  ninth  thoracic  vertebra,  passes  across  the  column,  behind  the  aorta,  esoph¬ 
agus,  and  thoracic  duct,  to  end  in  the  azygos  vein.  It  receives  the  lower  four 
or  five  intercostal  veins  and  the  subcostal  vein  of  the  left  side,  and  some  esophageal 
and  mediastinal  veins. 

The  Accessory  Hemiazygos  Vein  (v.  hemiazygos  accessoria;  vena  azygos  minor  supe¬ 
rior)  descends  on  the  left  side  of  the  vertebral  column,  and  varies  inversely  in  size 
with  the  highest  left  intercostal  vein.  It  receives  veins  from  the  three  or  four 
intercostal  spaces  between  the  highest  left  intercostal  vein  and  highest  tributary 
of  the  hemiazygos;  the  left  bronchial  vein  sometimes  opens  into  it.  It  either  crosses 
the  body  of  the  eighth  thoracic  vertebra  to  join  the  azygos  vein  or  ends  in  the 
hemiazygos.  When  this  vein  is  small,  or  altogether  wanting,  the  left  highest 
intercostal  vein  may  extend  as  low  as  the  fifth  or  sixth  intercostal  space. 

In  obstruction  of  the  superior  vena  cava,  the  azygos  and  hemiazygos  veins  are  one  of  the 
principal  means  by  which  the  venous  circulation  is  carried  on,  connecting  as  they  do  the  superior 
and  inferior  venae  cavae,  and  communicating  with  the  common  iliac  vein*  by  the  ascending  lumbar 
veins  and  with  many  of  the  tributaries  of  the  inferior  vena  cava. 

The  Bronchial  Veins  (vv.  bronchioles)  return  the  blood  from  the  larger  bronchi,  and 
from  the  structures  at  the  roots  of  the  lungs;  that  of  the  right  side  opens  into  the 
azygos  vein,  near  its  termination;  that  of  the  left  side,  into  the  highest  left  inter¬ 
costal  or  the  accessory  hemiazygos  vein.  A  considerable  quantity  of  the  blood  which 
is  carried  to  the  lungs  through  the  bronchial  arteries  is  returned  to  the  left  side  of 
the  heart  through  the  pulmonary  veins. 

The  Veins  of  the  Vertebral  Column  (Figs.  597,  598). 

The  veins  which  drain  the  blood  from  the  vertebral  column,  the  neighboring 
muscles,  and  the  meninges  of  the  medulla  spinalis  form  intricate  plexuses  extending 
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along  the  entire  length  of  the  column;  these  plexuses  may  be  divided  into  t’fte. 
gmojjS;  extertial  an^:  internal,  aveordmg y|<> tiieie  positions  inside  or  o«ist3«''aie' 
'vertebral  fiftoal,  ^e  plexuse-*  of  the  tw|  j?r<?«t«,StmionK'Se  freely  with  each  other 
and  end  m  the  intervertebral  vein?.;, 

yhte  e^SeniaJ  vertebral,  venous  plexuses  (pfs&t*-  vm<m  writhtahs  esknd;  exim- 
s-pitnii  mn«)  best,  marked  in  the  f*fvieai  region,  consist  of  anterior  and  fnoterior 
plexuses  which  anastomose  freely  with  each  other;  The  aaterior  external  plexuses 
lie  in  front  of  the  bodies  u?  the  vertebrae,  htgnmuniatte  with  the  basi vertebra!  and 
intervertebral  veins,  iuy{  remove  tributaries  from  the  vertebral  bodies.  The  pos¬ 
terior  external  plexuses  arc  plaml  partly  on  the  posterior  surfaces  of  the  vertebra! 
arches  and  their  proCesit^s,  and  partly  between  the  deep  dorsal  muscles.  They  are 
best  developed  in  the  cervical  region,  apd  there  t$di the  verteliral, 

occipital,  arid  deep  cervical  veins. 

The  iutenifti  vertebrftl  venous  plexuses  -iphru*  mml  nAebraUs  iittwnn  inb> 
spinal  vHti#)  tiz  within  the  vertebral  Canal  bet  vvch*»  the  dura  mater  and  the  \crtc- 
brig,  and  receive  tributaries  from  the  bones  and  front  the  medulla  spinalis.  Tbe> 

Posterior  piiernnl  pUixtists 


fVrt‘f 


section  tif-.n  Ithonicit:  Vrtfrttrtirs, 
vi'.o  ^rt.vhrnl  venou*  r«b‘.*uaos 


£•<<*•  5l*&.  — ?»lediuo  Huprt  fc*l  ne.cUtin  to.  two  ifiontcic  wft*- 
ftm,  «hoxtf«g  jbV 


form  u  t*U..sor rwt-worh  tluui  llic external  plexuses:  urnL  rnaniug  maiub  m  a. 'M ni$t: 
direction,  fonxi  four  Ion#xitti<iimii  -veins.  two  in  front  iimi  t  wo  fjchimt;  they  then.  •  pr 
tu&y  i .w  divided  fnio  anterior  *md  posterior  groups-  The  auatenor  int^tDai  plexuses 
t-omtii  of  forgo  veins  which  li eon  the*  posterior  surfaces  of  the  v:frtebrxi.l.  foxfo  >mi 
inUTvertebral  fihro»sart llages  on  of  'the  ptatenof  lon^tudhial  KtrarheJii  ;■ 

under  ‘cover  of  ,thi*  ligament  thoy  are  connected  by  trawvem*  branches  ntfrt  vdudi 
the  basiverlebral  'veins  open:  The  posteiiar  internal.,  piexiisfes  are  placed,  one  *>» 
either  side  of  the  middle,  line  in  front  of  the  vertebra)  arches  art*  I  ligament*  ftay*v 
and  iUtft^tojruo^e  lay  thm^h  tfinae  %iun£it is  with  the  po*t mot  exter- 

nal  plexus  The  anterior  and  posterior  “piextw.s  fximmtitmatte  freely  with  fife 
another  by  a  series  of  venous  rings  (rrfiu  wnum  wrtrhraritm),,  one  uppoHU*  nwh 
vertebra.  Around  The  foramen  magnum  (hey  form  ah  i nmeate net-work'  whtft 
opens  into  the  vertebral  veins  and  is  connected  above  with  the  tx-apiial  dmo, 
the  basilar  plexus,  the  condyloid  emissary  vein,  and  the  rcte  nviialiis  hypogfossi. 

T lie  basiVdrtohral  ?&£&&  due  hu^trjertebrah\f\ 'emerge  hit  the 

posterior  etnfaees  of  the  vertebral  bodies.  They  are  eontaimal  in  forge,  tortuous 
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channels  in  the  substance  of  the  bones,  similar  in  every  respect  to  those  found  in 
the  diploe  of  the  cranial  bones.  They  communicate  through  small  openings  on  the 
front  and  sides  of  the  bodies  of  the  vertebrae  with  the  anterior  external  vertebral 
plexuses,  and  converge  behind  to  the  principal  canal,  which  is  sometimes  double 
toward  its  posterior  part,  and  open  by  valved  orifices  into  the  transverse  branches 
which  unite  the  anterior  internal  vertebral  plexuses.  They  become  greatly  enlarged 
in  advanced  age. 

The  intervertebral  veins  (vv.  intervertebrales)  accompany  the  spinal  nerves 
through  the  intervertebral  foramina;  they  receive  the  veins  from  the  medulla 
spinalis,  drain  the  internal  and  external  vertebral  plexuses  and  end  in  the  vertebral, 
intercostal,  lumbar,  and  lateral  sacral  veins,  their  orifices  being  provided  with 
valves. 

The  veins  of  the  medulla  spinalis  (w.  spinales;  veins  of  the  spinal  cord)  are 
situated  in  the  pia  mater  and  form  a  minute,  tortuous,  venous  plexus.  They 
emerge  chiefly  from  the  median  fissures  of  the  medulla  spinalis  and  are  largest  in 
the  lumbar  region.  In  this  plexus  there  are  (1)  two  median  longitudinal  veins, 
one  in  front  of  the  anterior  fissure,  and  the  other  behind  the  posterior  sulcus  of  the 
cord,  and  (2)  four  lateral  longitudinal  veins  which  run  behind  the  nerve  roots. 
They  end  in  the  intervertebral  veins.  Near  the  base  of  the  skull  they  unite,  and 
form  two  or  three  small  trunks,  which  communicate  with  the  vertebral  veins, 
and  then  end  in  the  inferior  cerebellar  veins,  or  in  the  inferior  petrosal  sinuses. 


THE  VEINS  OF  THE  LOWER  EXTREMITY,  ABDOMEN,  AND  PELVIS. 

The  veins  of  the  lower  extremity  are  subdivided,  like  those  of  the  upper,  into 
two  sets,  superficial  and  deep ;  the  superficial  veins  are  placed  beneath  the  integument 
between  the  two  layers  of  superficial  fascia;  the  deep  veins  accompany  the  arteries. 
Both  sets  of  veins  are  provided  with  valves,  which  are  more  numerous  in  the  deep 
than  in  the  superficial  set.  Valves  are  also  more  numerous  in  the  veins  of  the 
lower  than  in  those  of  the  upper  limb. 

The  Superficial  Veins  of  the  Lower  Extremity. 

The  superficial  veins  of  the  lower  extremity  are  the  great  and  small  saphenous 
fains  and  their  tributaries. 

On  the  dorsum  of  the  foot  the  dorsal  digital  veins  receive,  in  the  clefts  between  the 
toes,  the  intercapitular  veins  from  the  plantar  cutaneous  venous  arch  and  join  to 
form  short  common  digital  veins  which  unite  across  the  distal  ends  of  the  metatarsal 
bones  in  a  dorsal  venous  arch.  Proximal  to  this  arch  is  an  irregular  venous  net¬ 
work  which  receives  tributaries  from  the  deep  veins  and  is  joined  at  the  sides  of  the 
foot  by  a  medial  and  a  lateral  marginal  vein,  formed  mainly  by  the  union  of  branches 
from  the  superficial  parts  of  the  sole  of  the  foot. 

On  the  sole  of  the  foot  the  superficial  veins  form  a  plantar  cutaneous  venous  arch 
which  extends  across  the  roots  of  the  toes  and  opens  at  the  sides  of  the  foot  into 
the  medial  and  lateral  marginal  veins.  Proximal  to  this  arch  is  a  plantar  cutaneous 
Tenons  net-work  which  is  especially  dense  in  the  fat  beneath  the  heel ;  this  net-work 
communicates  with  the  cutaneous  venous  arch  and  with  the  deep  veins,  but  is 
chiefly  drained  into  the  medial  and  lateral  marginal  veins. 

The  great  saphenous  vein  (v.  saphena  magna;  internal  or  long  saphenous  vein) 
(Fig.  600),  the  longest  vein  in  the  body,  begins  in  the  medial  marginal  vein  of  the 
dorsum  of  the  foot  and  ends  in  the  femoral  vein  about  3  cm.  below  the  inguinal 
ligament.  It  ascends  in  front  of  the  tibial  malleolus  and  along  the  medial  side  of 
the  leg  in  relation  with  the  saphenous  nerve.  It  runs  upward  behind  the  medial 
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condyles  of  the  tibia  and  femur  and  along  the  medial  side  of  the  thigh  and,  passing 
through  the  fossa  ovalis,  ends  in  the  femoral  vein. 

Tributaries. — At  the  ankle  it  receives  branches  from  the  sole  of  the  foot  through 
the  medial  marginal  vein;  in  the  leg  it  anastomoses  freely  with  the  small  saphenous 
vein,  communicates  with  the  anterior  and  posterior  tibial  veins  and  receives  many 
in  the  thigh  it  communicates  with  the  femoral  vein  and  receives 


cutaneous  veins 

numerous  tributaries;  those  from  the  medial  and  posterior  parts  of  the  thigh 
frequently  unite  to  form  a  large  accessory  saphenous  vein  which  joins  the  main 
vein  at  a  variable  level.  Near  the  fossa  ovalis  (Fig.  599)  it  is  joined  by  the  super- 
ficial  epigastric,  superficial  iliac  circumflex,  and  superficial  external  pudendal  veins. 
A  vein,  named  the  thoracoepigastric,  runs  along  the  lateral  aspect  of  the  trunk 
between  the  superficial  epigastric  vein  below  and  the  lateral  thoracic  vein  above 
and  establishes  an  important  communication  between  the  femoral  and  axillary* 
veins. 


•The  great  saphenous  vein  arid  it*  tributaries  At  the  fo«a»a  ovalis. 


The  valves  in  the  great  saphenous  vein  vary  from  ten  to  twenty  in  number; 
they  are  more  numerous  in  the  leg  than  in  the  thigh. 

The  small  saphenous  vein  (r.  saphena  parm;  external  or  short  saphenous  rein' 
(Fig.  90  0  begins  behind  the  lateral  malleolus  as  a  continuation  of  the  lateral 
marginal  vein;  it  first  ascends  along  the  lateral  margin  of  the  tendocalcaneus, 
and  then  crosses  it  to  reach  the  middle  of  the  back  of  the  leg.  Running  directly 
upward,  it  perforates  the  deep  fascia  in  the  lower  part  of  the  popliteal  fossa,  and 
ends  in  the  popliteal  vein,  between  the  heads  of  the  Gastrocnemius,  It  comaiu- 
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nicates  with  -the-deep  Veins  6r>  reodves  numerous  large 

tributaries  from  the  back  of  the 'teg;  itelow  it  pierce*  the  deep  fascia,  it  gives  of! 

a  branch- which'  n»s$  upward-wad  forward  to  join 
the  great  saphenous  vein.  The  stnail  saphenous 
vein  possesses  fitirii  nine  to  twelve  valves,  one  of 
1  a  j  which  to  al ways  found  near  its  termination  in  the 

■\  £*.  j£  popliteal  vein,  in:  the  lower  third  of  the  leg  the 

|V  small  saphenous  vein  is  in  dose  relation  with 

Vf  the  soxal  nerve,  in  the  upper  two-thirds  with 

il  aKh.  the  medial  serai ■  cutaneous  nerve. 


The  tteep  Veins  of  the  Lower  Extremity. 

The  deep  veins  of  the  lower  extremity  accom¬ 
pany  the  artertea  and  their  branches; they  possess 
numerous  valves, 


Fig,  fiOl, — Tiio  snu&ll  ^.uf.litriouH  y <*in. 
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j%a  tributaries 


The  plantar  digital  veins  (n.  digiiules  jilanlore#)  iirixe.  ffotu  plexuses  on  the 
plantar  surfaces  of  the  digits,  and,  after  sending  mtercaptfcular  veins  to  join  the 
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dorsal  digital  veins,  unite  to  form  four  metatarsal  veins;  these  run  backward  in 
the  metatarsal  spaces,  communicate,  by  means  of  perforating  veins,  with  the 
veins  on  the  dofsum  of  the  foot,  and  unite  to  form  the  deep  plantar  venous  arch 
which  lies  alongside  the  plantar  arterial  arch.  From  the  deep  plantar  venous  arch 
the  medial  and  lateral  plantar  veins  run  backward  close  to  the  corresponding 
arteries  and,  after  communicating  with  the  great  and  small  saphenous  veins,  unite 
behind  the  medial  malleolus  to  form  the  posterior  tibial  veins. 

The  posterior  tibial  veins  (rr.  tibiales  posteriory)  accompany  the  posterior 
tibial  artery,  and  are  joined  by  the  peroneal  veins. 

The  anterior  tibial  veins  (n\  tibiale s  (inter tores)  are 
the  upward  continuation  of  the  veme  eomitantes  of  the 
dorsalis  pedis  artery.  They  leave  the  front  of  the 
leg  by  passing  between  the  tibia  and  fibula,  over  tire 
interosseous  membrane,  and  unite  with  the  posterior 
tibial,  to  form  the  popliteal  vein. 

The  Popliteal  Vein  (v.  poplitea)  (Fig.  602)  is  formed 
by  the  junction  of  the  anterior  and  posterior  tibial  veins 
at  the  low  er  border  of  the  Popliteus  ;  it  ascends  through 
the  popliteal  fossa  to  the  aperture  in  the  Adductor  mag- 
nus,  where  it  becomes  the  femoral  vein.  In  the  lower 
part  of  its  course  it  is  placed  medial  to  the  artery; 
between  the  heads  of  the  Gastrocnemius  it  is  super¬ 
ficial  to  that  vessel ;  but  above  the  knee-joint,  it  is  close 
to  its  lateral  side.  It  receives  tributaries  corresponding 
to  the  branches  of  the  popliteal  artery',  and  it  also 
receives  the  small  saphenous  vein.  The  valves  m  the 
popliteal  vein  are  usually  four  in  number. 

The  femoral  vein  (V.  femoralis)  accompanies  the 
femoral  artery  through  the  upper  two-thirds  of  the 
thigh.  In  the  lower  part  of  its  course  it  lies  lateral  to 
the  artery  ;  higher  up,  it  is  behind  it;  and  at  the  inguinal 
ligament,  it  lies  on  its  medial  side,  and  on  the  same 
plane.  It  receives  numerous  muscular  tributaries,  and 
about  4  cm.' below*  the  inguinal  ligament  is  joined  by 
the  v.  profunda  femoris  ;  near  its  termination  it  is  joined 
by  the  great  saphenous  vein.  The  valves  in  the  femoral 

Fig.  m  -The  popliteal  vein.  vein  are  three  in  number. 

The  Deep  Femoral  Vein  (v.  profunda  femoris)  receives 
tributaries  corresponding  to  the  perforating  branches  of  the  profunda  artery,  and 
through  these  establishes  communications  with  the  popliteal  vein  below  and  the 
inferior  gluteal  vein  above.  It  also  receives  the  medial  and  lateral  femoral  circum¬ 
flex  veins. 

The  Veins  of  the  Abdomen  and  Pelvis  (Figs.  604,  60f),  606); 

The  external  iliac  vein  (v,  iliaca  externa ),  the  upward  continuation  of  the  femoral 
vein,  begins  behind  the  inguinal  ligament,  and,  passing  upward  along  the  brim 
of  the  lesser  pelvis,  ends  opposite  the  sacroiliac  articulation,  by  uniting  with  the 
hypogastric  vein  to  form  the  common  iliac  vein.  On  the  right  side,  it  lies  at  first 
medial  to  the  artery;  but,  as  it  passes  upward,  gradually  inclines  behind  it.  On 
the  left  side,  it  lies  altogether  on  the  medial  side  of  the  artery*.  It  frequently 
contains  one,  sometimes  two,  valves. 

Tributaries. "“The  external  iliac  vein  receives  the  inferior  epigastric,  deep  iliac 
circumflex,  and  pubic  veins. 

The  Inferior  Epigastric  Vein  ( v.  epigaMrica  inferior;  deep  epigastric  vein)  is  formed 
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by  the  union  of  the  venre  comitantes  of  the  inferior  epigastric  artery,  which  com- 
municate  above  with  the  superior  epigastric  vein;  it  joins  the  external  iliac  about 
1.25  cm.  above  the  inguinal  ligament. 

The  Deep  Iliac  Circumflex  Vein  (i\  circxmflexa  ilium  profunda)  is  formed  by  the 
union  of  the  vena'  comitantes  of  the  deep  iliac  circumflex  artery,  and  joins  the 

above  the  inguinal  ligament. 


external  iliac  vein  about 
The  Pubic  Vein  communicates  w  ith  the  obturator  vein  in  the  obturator  foramen, 
and  ascends  on  the  back  of  the  pubis  to  the  external  iliac  vein. 

The  hypogastric  vein  (r.  hypogastrwa;  internal  iliac  vein)  begins  near  the  upper 
part  of  the  greater  sciatic  foramen,  passes  upward  behind  and  slightly  medial  to 
the  hypogastric  artery  and,  at  the  brim  of  the  pelvis,  joins  with  the  external  iliac 
to  form  the  common  iliac  vein. 
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Fig.  003  —The  femoral  vein  and  its  tributaries.  (Poirier  and  Charpy.) 


Tributaries. — With  the  exception  of  the  fetal  umbilical  vein  which  passes  upward 
fnd  backward  from  the  umbilicus  to  the  liver,  and  the  iliolumbar  vein  which  usually 
Joins  the  common  iliac  vein,  the  tributaries  of  the  hypogastric  vein  correspond 
rah  the  branches  of  the  hypogastric  artery.  It  receives  (a)  the  gluteal,  internal 
pudendal,  and  obturator  veins,  which  have  their  origins  outside  the  pelvis;  (b)  the 
lateral  sacral  veins,  which  lie  in  front  of  the  sacrum;  and  (c)  the  middle  hemorrhoidal, 
vesical,  uterine,  and  vaginal  veins,  w'hich  originate  in  venous  plexuses  connected 
*tth  the  pelvic  viscera. 
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V epical  plexus  Internal  pudendal 

I'io.  004. — The  vein*  of  the  right  half  of  the  male  pelvis.  (Spaltfehols). 

2.  The  Inferior  Gluteal  Veins  {iw.  glutaecr  injeriores;  sciatic  veins),  or  vena?  ooibh 
tantes  of  the  inferior  gluteal  artery,  begin  on  the  upper  part  of  the  back  of  the 
thigh,  where  the}'  anastomose  with  the  medial  femoral  circumflex  and  first  perfo¬ 
rating  veins.  They  enter  the  pelvis  through  the  lower  part  of  the  greater  sciatic 
foramen  and  join  to  form  a  single  stem  which  opens  into  the  lower  part  of  the  hypo¬ 
gastric  vein. 

3.  The  Internal  Pudendal  Veins  (internal  pudic  reins)  are  the  vena?  comitantcs 
of  the  internal  pudendal  artery.  They  begin  in  the  deep  veins  of  the  penis  which 
issue  from  the  corpus  cavernosum  penis,  accompany  the  internal  pudendal  artery, 
and  unite  to  form  a  single  vessel,  which  ends  in  the  hypogastric  vein.  They  receive 
the  veins  from  the  urethral  bulb,  and  the  perineal  and  inferior  hemorrhoidal  veins. 
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Fio  fi05  — The  iliac  veins  (Poirier  and  Charpy  ) 


.MIDDLE 

SACRAL 


Fio  CO$.  —Scheme  of  th^  anastomosis  oi  the  veina  of  tfie  reef  u.m 


(Poirier  and  Charpy.) 


079 


080 


ANGIOLOGY 


The  deep  dorsal  vein  of  the  penis  communicates  with  the  internal  pudendal  veins, 
but  ends  mainly  in  the  pudendal  plexus. 

4.  The  Obturator  Vein  (v.  obturatoria)  begins  in  the  upper  portion  of  the  adductor 
region  of  the  thigh  and  enters  the  pelvis  through  the  upper  part  of  the  obturator 
foramen.  It  runs  backward  and  upward  on  the  lateral  wall  of  the  pelvis  below  the 
obturator  artery,  and  then  passes  between  the  ureter  and  the  hypogastric  artery, 
to  end  in  the  hypogastric  vein. 

5.  The  Lateral  Sacral  Veins  ( w .  sacrales  laterales )  accompany  the  lateral  sacral 
arteries  on  the  anterior  surface  of  the  sacrum  and  end  in  the  hypogastric  vein. 

6.  The  Middle  Hemorrhoidal  Vein  (v.  heemorrhoidalis  media)  takes  origin  in  the 
hemorrhoidal  plexus  and  receives  tributaries  from  the  bladder,  prostate,  and 
seminal  vesicle;  it  runs  lateralward  on  the  pelvic  surface  of  the  Levator  ani  to 
end  in  the  hypogastric  vein. 

The  hemorrhoidal  plexus  (; plexus  hamorrhoidalis)  surrounds  the  rectum,  and 
communicates  in  front  with  the  vesical  plexus  in  the  male,  and  the  uterovaginal 
plexus  in  the  female.  It  consists  of  two  parts,  an  internal  in  the  submucosa,  and  an 
external  outside  the  muscular  coat.  The  internal  plexus  presents  a  series  of  dilated 
pouches  which  are  arranged  in  a  circle  around  the  tube,  immediately  above  the 
anal  orifice,  and  are  connected  by  transverse  branches. 

The  lower  part  of  the  external  plexus  is  drained  by  the  inferior  hemorrhoidal 
veins  into  the  internal  pudendal  vein;  the  middle  part  by  the  middle  hemorrhoidal 
vein  which  joins  the  hypogastric  vein;  and  the  upper  part  by  the  superior  hemor¬ 
rhoidal  vein  which  forms  the  commencement  of  the  inferior  mesenteric  vein, 
a  tributary  of  the  portal  vein.  A  free  communication  between  the  portal  and  sys¬ 
temic  venous  systems  is  established  through  the  hemorrhoidal  plexus. 

The  veins  of  the  hemorrhoidal  plexus  are  contained  in  very  loose,  connective 
tissue,  so  that  they  get  less  support  from  surrounding  structures  than  most  other 
veins,  and  are  less  capable  of  resisting  increased  blood-pressure. 

The  pudendal  plexus  ( plexus  pudendalis;  vesicoprostatic  plexus)  lies  behind  the 
arcuate  pubic  ligament  and  the  lower  part  of  the  symphysis  pubis,  and  in  front  of 
the  bladder  and  prostate.  Its  chief  tributary  is  the  deep  dorsal  vein  of  the  penis, 
but  it  also  receives  branches  from  the  front  of  the  bladder  and  prostate.  It  com¬ 
municates  with  the  vesical  plexus  and  with  the  internal  pudendal  vein  and  drains 
into  the  vesical  and  hypogastric  veins.  The  prostatic  veins  form  a  well-marked 
prostatic  plexus  which  lies  partly  in  the  fascial  sheath  of  the  prostate  and  partly 
between  the  sheath  and  the  prostatic  capsule.  It  communicates  with  the  pudendal 
and  vesical  plexuses. 

The  vesical  plexus  {plexus  vesicalis)  envelops  the  lower  part  of  the  bladder  and 
the  base  of  the  prostate  and  communicates  with  the  pudendal  and  prostatic  plexuses. 
It  is  drained,  by  means  of  several  vesical  veins,  into  the  hypogastric  veins. 

The  Dorsal  Veins  of  the  Penis  {w.  dorsales  penis)  are  two  in  number,  a  superficial 
and  a  deep.  The  superficial  vein  drains  the  prepuce  and  skin  of  the  penis,  and, 
running  backward  in  the  subcutaneous  tissue,  inclines  to  the  right  or  left,  and  opens 
into  the  corresponding  superficial  external  pudendal  vein,  a  tributary  of  the  great 
saphenous  vein.  The  deep  vein  lies  beneath  the  deep  fascia  of  the  penis;  it  receives 
the  blood  from  the  glans  penis  and  corpora  cavernosa  penis  and  courses  backward 
in  the  middle  line  between  the  dorsal  arteries;  near  the  root  of  the  penis  it  passes 
between  the  two  parts  of  the  suspensory  ligament  and  then  through  an  aperture 
between  the  arcuate  pubic  ligament  and  the  transverse  ligament  of  the  pelvis, 
and  divides  into  two  branches,  which  enter  the  pudendal  plexus.  The  deep  vein 
also  communicates  below  the  symphysis  pubis  with  the  internal  pudendal  vein. 

The  uterine  plexuses  lie  along  the  sides  and  superior  angles  of  the  uterus  between 
the  two  layers  of  the  broad  ligament,  and  communicate  with  the  ovarian  and 
vaginal  plexuses.  They  are  drained  by  a  pair  of  uterine  veins  on  either  side:  these 
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arise  from  the  lower  part  of  the  plexuses,  opposite  the  external  orifice  of  the  uterus, 
and  open  into  the  corresponding  hypogastric  vein. 

The  vaginal  plexuses  are  placed  at  the  sides  of  the  vagina;  they  communicate 
with  the  uterine,  vesical,  and  hemorrhoidal  plexuses,  and  are  drained  by  the 
vaginal  veins,  one  on  either  side,  into  the  hypogastric  veins. 

The  common  iliac  veins  (w.  iliac® 
communes)  are  formed  by  the  union 
of  the  external  iliac  and  hypogastric 
veins,  in  front  of  the  sacroiliac  artic- 
passing  obliquely  upward 


superficial  dor. 

S*L  VCil* 


DORSAL  ABTCRY 
CORPUS  CAVER  NOSUM 


ulation 

toward  the  right  side,  they  end  upon 
the  fifth  lumbar  vertebra,  by  uniting 
with  each  other  at  an  acute  angle  to 
form  the  inferior  vena 
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right  common  iliac  is  shorter  than 
the  left,  nearly  vertical  in  its  di¬ 
rection,  and  ascends  behind  and  then 
lateral  to  its  corresponding  artery. 

Idle  left  common  iliac,  longer  than 
the  right  and  more  oblique  in  its 
course,  is  at  first  situated  on  the  medial  side  of  the  corresponding  artery,  and  then 
behind  the  right  common  iliac.  Each  common  iliac  receives  the  iliolumbar,  and 
sometimes  the  lateral  sacra!  veins.  The  left  receives,  in  addition,  the  middle  sacral 
vein.  No  valves  are  found  in  these  veins. 

The  Middle  Sacral  Veins  (w.  morales  mediales)  accompany  the  corresponding 
artery  along  the  front  of  the  sacrum,  and  join  to  form  a  single  vein,  which  ends  in 
the  left  common  iliac  vein;  sometimes  in  the  angle  of  junction  of  the  two  iliac  veins. 
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Fig.  007. — The  penis  in  transverse  section,  showing  the 
blood vessels  (Testut.) 


fAttoi»»A« 

TOflE 


ANASTOMOSIS  OF 
UTERINE  AND 
OVARIAN  ARTCRICS 
MEUCINE  BRANCHES  \ 


Lit'*.  WO 
•,  fclOA  - 


•ROUND  UOAMUNT 


ITERINE  ARTERY 


SUPERIOR  VAGINAL 
ARTERIES 


VA«<M4C  VENOUS  RLE AUS 


OS  UTCR(‘  VAGINA  CUT  OPEN  BEHIND 
-Vessel*  of  the  uterua  and  Its  appendages,  rear  view.  (Teatut.) 


Peculiarities. — The  left  common  iliac  vein,  instead  of  joining  with  the  right  in  its  usual  posi¬ 
tion,  occasionally  ascends  on  the  left  side  of  the  aorta  as  high  as  the  kidney,  w  here,  after  receiving 
the  left  renal  vein,  it  crosses  over  the  aorta,  and  then  joins  with  the  right,  vein  to  form  the  vena 
rava.  In  these  cases,  the  two  common  iliacs  are  connected  by  a  small  communicating  branch 
at  the  spot  where  they  are  usually  united. 

The  inferior  vena  cava  (r.  cava  inferior )  (Fig.  596) ,  returns  to  the  heart  the  blood 
from  the  parts  below  the  diaphragm.  It  is  formed  by  the  junction  of  the  two 
common  iliac  veins,  on  the  right  side  of  the  fifth  lumbar  vertebra.  It  ascends  along 
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the  front  of  the  vertebral  column,  on  the  right  side  of  the  aorta,  and,  having  reached 
the  liver,  is  continued  in  a  groove  on  its  posterior  surface.  It  then  perforates 
the  diaphragm  between  the  median  and  right  portions  of  its  central  tendon; 
it  subsequently  inclines  forward  and  medialward  for  about  2.5  cm.,  and,  piercing 
the  fibrous  pericardium,  passes  behind  the  serous  pericardium  to  open  into  the 
lower  and  back  part  of  the  right  atrium.  In  front  of  its  atrial  orifice  is  a  semilunar 
valve,  termed  the  valve  of  the  inferior  vena  cava:  this  is  rudimentary  in  the  adult, 
but  is  of  large  size  and  exercises  an  important  function  in  the  fetus  (see  page  546). 

Relations. — The  abdominal  portion  of  the  inferior  vena  cava  is  in  relation  in  front,  from  below 
upward,  with  the  right  common  iliac  artery,  the  mesentery,  the  right  internal  spermatic  artery, 
the  inferior  part  of  the  duodenum,  the  pancreas,  the  common  bile  duct,  the  portal  vein,  and  the 
posterior  surface  of  the  liver;  the  last  partly  overlaps  and  occasionally  completely  surrounds  it; 
behind ,  with  the  vertebral  column,  the  right  Psoas  major,  the  right  crus  of  the  diaphragm,  the 
right  inferior  phrenic,  suprarenal,  renal  and  lumbar  arteries,  right  sympathetic  trunk  and  right 
celiac  ganglion,  and  the  medial  part  of  the  right  suprarenal  gland;  on  the  right  side ,  with  the 
right  kidney  and  ureter;  on  the  left  side ,  with  the  aorta,  right  crus  of  the  diaphragm,  and  the 
caudate  lobe  of  the  liver. 

The  thoracic  portion  is  only  about  2.5  cm.  in  length,  and  is  situated  partly  inside  and  partly 
outside  the  pericardial  sac.  The  extrapericardial  part  is  separated  from  the  right  pleura  and 
lung  by  a  fibrous  band,  named  the  right  phrexncopericardiac  ligament.  This  ligament,  often 
feebly  marked,  is  attached  below  to  the  margin  of  the  vena-caval  opening  in  the  diaphragm,  and 
above  to  the  pericardium  in  front  of  and  behind  the  root  of  the  right  lung.  The  intrapericardiac 
part  is  very  short,  and  is  covered  antero-laterally  by  the  serous  layer  of  the  pericardium. 

Peculiarities. — In  Position. — This  vessel  is  sometimes  placed  on  the  left  side  of  the  aorta, 
as  high  as  the  left  renal  vein,  and,  after  receiving  this  vein,  crosses  over  to  its  usual  position  on 
the  right  side;  or  it  may  be  placed  altogether  on  the  left  side  of  the  aorta,  and  in  such  a  case  the 
abdominal  and  thoracic  viscera,  together  with  the  great  vessels,  are  all  transposed. 

Point  of  Termination. — Occasionally  the  inferior  vena  cava  joins  the  azygos  vein,  which  is 
then  of  large  size.  In  such  cases,  the  superior  vena  cava  receives  the  whole  of  the  blood  from 
the  body  before  transmitting  it  to  the  right  atrium,  except  the  blood  from  the  hepatic  veins, 
which  passes  directly  into  the  right  atrium. 

Tributaries. — The  inferior  vena  cava  receives  the  following  veins: 

Lumbar.  Renal.  Inferior  Phrenic. 

Right  Spermatic  or  Ovarian.  Suprarenal.  Hepatic. 

The  Lumbar  Veins  (w.  lumbales)  four  in  number  on  each  side,  collect  the  blood 
by  dorsal  tributaries  from  the  muscles  and  integument  of  the  loins,  and  by  abdomi¬ 
nal  tributaries  from  the  walls  of  the  abdomen,  where  they  communicate  with  the 
epigastric  veins.  At  the  vertebral  column,  they  receive  veins  from  the  vertebral 
plexuses,  and  then  pass  forward,  around  the  sides  of  the  bodies  of  the  vertebrae, 
beneath  the  Psoas  major,  and  end  in  the  back  part  of  the  inferior  cava.  The  left 
lumbar  veins  are  longer  than  the  right,  and  pass  behind  the  aorta.  The  lumbar 
veins  are  connected  together  by  a  longitudinal  vein  which  passes  in  front  of  the 
transverse  processes  of  the  lumbar  vertebrae,  and  is  called  the  ascending  lumbar; 
it  forms  the  most  frequent  origin  of  the  corresponding  azygos  or  hemiazygos  vein, 
and  serves  to  connect  the  common  iliac,  iliolumbar,  and  azygos  or  hemiazygos 
veins  of  its  own  side  of  the  body. 

The  Spermatic  Veins  ( w .  spermaticce )  (Fig.  609)  emerge  from  the  back  of  the 
testis,  and  receive  tributaries  from  the  epididymis;  they  unite  and  form  a  convo¬ 
luted  plexus,  called  the  pampiniform  plexus,  which  constitutes  the  greater  mass  of 
the  spermatic  cord;  the  vessels  composing  this  plexus  are  very  numerous,  and 
ascend  along  the  cord,  in  front  of  the  ductus  deferens.  Below  the  subcutaneous 
inguinal  ring  they  unite  to  form  three  or  four  veins,  which  pass  along  the  inguinal 
canal,  and,  entering  the  abdomen  through  the  abdominal  inguinal  ring,  coalesce 
to  form  two  veins,  which  ascend  on  the  Psoas  major,  behind  the  peritoneum,  lung 
one  on  either  side  of  the  internal  spermatic  artery.  These  unite  to  form  a  single 
vein,  which  opens  on  the  right  side  into  the  inferior  vena  cava,  at  an  acute  angle; 
on  the  left  side  into  the  left  renal  vein,  at  a  right  angle.  The  spermatic  veins 


ANGIOLOGY 


The  Hepatic  Veins  (w.  kepaticcr)  commence  in  the  substance  of  the  liver,  in  the 
terminations  of  the  portal  vein  and  hepatic  artery,  and  are  arranged  in  two  groups, 
upper  and  lower.  The  upper  group  usually  consists  of  three  large  veins,  which 
converge  toward  the  posterior  surface  of  the  liver,  and  open  into  the  inferior 
vena  cava,  while  that  vessel  is  situated  in  the  groove  on  the  back  part  of  the  liver. 
The  veins  of  the  lower  group  vary  in  number,  and  are  of  small  size;  they  coroe 
from  the  right  and  caudate  lobes,  The  hepatic  veins  run  singly,  and  are  in  direct 
contact  with  the  hepatic  tissue.  They  are  destitute  of  valves. 


Ftu.  010  — The  portal  vein  and  its  tributaries. 


THE  PORTAL  SYSTEM  OF  VEINS  (Fig.  610). 

The  portal  system  includes  all  the  veins  which  drain  the  blood  from  the  abdominal 
part  of  the  digestive  tube  (with  the  exception  of  the  lower  part  of  the  rectum) 
and  from  the  spleen,  pancreas*  and  gall-bladder.  From  these  viscera  the  blood 
is  conveyed  to  the  liver  by  the  portal  vein.  In  the  liver  this  vein  ramifies  like  an 
artery  and  ends  in  capillary-like  vessels  termed  sinusoids,  from  w  hich  the  blood  is 
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conveyed  to  the  inferior  vena  cava  by  the  hepatic  veins.  From  this  it  will  be  seen 
that  the  blood  of  the  portal  system  passes  through  two  sets  of  minute  vessels, 
viz.,  (a)  the  capillaries  of  the  digestive  tube,  spleen,  pancreas,  and  gall-bladder; 
and  (6)  the  sinusoids  of  the  liver.  In  the  adult  the  portal  vein  and  its  tributaries 
are  destitute  of  valves;  in  the  fetus  and  for  a  short  time  after  birth  valves  can  be 
demonstrated  in  the  tributaries  of  the  portal  vein;  as  a  rule  they  soon  atrophy 
and  disappear,  but  in  some  subjects  they  persist  in  a  degenerate  form. 

The  portal  vein  (vena  portce )  is  about  8  cm.  in  length,  and  is  formed  at  the  level 
of  the  second  lumbar  vertebra  by  the  junction  of  the  superior  mesenteric  and  lienal 
veins,  the  union  of  these  veins  taking  place  in  front  of  the  inferior  vena  cava  and 
behind  the  neck  of  the  pancreas.  It  passes  upward  behind  the  superior  part  of 
the  duodenum  and  then  ascends  in  the  right  border  of  the  lesser  omentum  to  the 
right  extremity  of  the  porta  hepatis,  where  it  divides  into  a  right  and  a  left  branch, 
which  accompany  the  corresponding  branches  of  the  hepatic  artery  into  the  sub¬ 
stance  of  the  liver.  In  the  lesser  omentum  it  is  placed  behind  and  between  the 
common  bile  duct  and  the  hepatic  artery,  the  former  lying  to  the  right  of  the  latter. 
It  is  surrounded  by  the  hepatic  plexus  of  nerves,  and  is  accompanied  by  numerous 
lymphatic  vessels  and  some  lymph  glands.  The  right  branch  of  the  portal  vein 
enters  the  right  lobe  of  the  liver,  but  before  doing  so  generally  receives  the  cystic 
vein.  The  left  branch,  longer  but  of  smaller  caliber  than  the  right,  crosses  the  left 
sagittal  fossa,  gives  branches  to  the  caudate  lobe,  and  then  enters  the  left  lobe  of 
the  liver.  As  it  crosses  the  left  sagittal  fossa  it  is  joined  in  front  by  a  fibrous  cord, 
the  ligamentom  teres  (obliterated  umbilical  vein),  and  is  united  to  the  inferior  vena 
cava  by  a  second  fibrous  cord,  the  ligamentum  venosum  ( obliterated  ductus  venosus ). 

Tributaries. — The  tributaries  of  the  portal  vein  are: 

Lienal.  Pyloric. 

Superior  Mesenteric.  Cystic. 

Coronary.  Parumbilical. 

The  Lienal  Vein  (v.  lienalis;  splenic  vein)  commences  by  five  or  six  large  branches 
which  return  the  blood  from  the  spleen.  These  unite  to  form  a  single  vessel,  which 
passes  from  left  to  right,  grooving  the  upper  and  back  part  of  the  pancreas,  below 
the  lineal  artery,  and  ends  behind  the  neck  of  the  pancreas  by  uniting  at  a  right 
angle  with  the  superior  mesenteric  to  form  the  portal  vein.  The  fienal  vein  is 
of  large  size,  but  is  not  tortuous  like  the  artery. 

Tributaries. — The  lineal  vein  receives  the  short  gastric  veins,  the  left  gastro¬ 
epiploic  vein,  the  pancreatic  veins,  and  the  inferior  mesenteric  veins. 

The  short  gastric  veins  (w.  gastricw  breves),  four  or  five  in  number,  drain  the  fundus 
and  left  part  of  the  greater  curvature  of  the  stomach,  and  pass  between  the  two 
layers  of  the  gastrolienal  ligament  to  end  in  the  lienal  vein  or  in  one  of  its  large 
tributaries. 

The  left  gastroepiploic  vein  (v.  gastroepiploica  sinistra)  receives  branches  from 
theantero-superior  and  postero-inferior  surfaces  of  the  stomach  and  from  the  greater 
omentum;  it  runs  from  right  to  left  along  the  greater  curvature  of  the  stomach 
and  ends  in  the  commencement  of  the  lienal  vein. 

The  pancreatic  veins  (vv.  pancreaticce)  consist  of  several  small  vessels  which  drain 
the  body  and  tail  of  the  pancreas,  and  open  into  the  trunk  of  the  lienal  vein. 

The  inferior  mesenteric  vein  (v.  mesenterica  inferior)  returns  blood  from  the  rectum 
and  the  sigmoid,  and  descending  parts  of  the  colon.  It  begins  in  the  rectum  as 
the  superior  hemorrhoidal  vein,  which  has  its  origin  in  the  hemorrhoidal  plexus, 
and  through  this  plexus  communicates  with  the  middle  and  inferior  hemor¬ 
rhoidal  veins.  The  superior  hemorrhoidal  vein  leaves  the  lesser  pelvis  and  crosses 
the  left  common  iliac  vessels  with  the  superior  hemorrhoidal  artery,  and  is  con¬ 
tinued  upward  as  the  inferior  mesenteric  vein.  This  vein  lies  to  the  left  of  its 
artery,  and  ascends  behind  the  peritoneum  and  in  front  of  the  left  Psoas  major; 
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it  then  passes  behind  the  body  of  the  pancreas  and  opens  into  the  lienal  vein; 
sometimes  it  ends  in  the  angle  of  union  of  the  lienal  and  superior  mesenteric  veins. 

Tributaries. — The  inferior  mesenteric  vein  receives  the  sigmoid  veins  from  the 
sigmoid  colon  and  iliac  colon,  and  the  left  colic  vein  from  the  descending  colon  and 
left  colic  flexure. 

The  Superior  Mesenteric  Vein  (v.  mesenterica  superior)  returns  the  blood  from  the 
small  intestine,  from  the  cecum,  and  from  the  ascending  and  transverse  portions 
of  the  colon.  It  begins  in  the  right  iliac  fossa  by  the  union  of  the  veins  which  drain 
the  terminal  part  of  the  ileum,  the  cecum,  and  vermiform  process,  and  ascends 
between  the  two  layers  of  the  mesentery  on  the  right  side  of  the  superior  mes¬ 
enteric  artery.  In  its  upward  course  it  passes  in  front  of  the  right  ureter,  the 
inferior  vena  cava,  the  inferior  part  of  the  duodenum,  and  the  lower  portion  of 
the  head  of  the  pancreas.  Behind  the  neck  of  the  pancreas  it  unites  with  the  lienal 
vein  to  form  the  portal  vein. 

Tributaries. — Besides  the  tributaries  which  correspond  with  the  branches  of  the 
superior  mesenteric  artery,  viz.,  the  intestinal,  ileocolic,  right  colic,  and  middle  colic 
veins,  the  superior  mesenteric  vein  is  joined  by  the  right  gastroepiploic  and  pan¬ 
creaticoduodenal  veins. 

The  right  gastroepiploic  vein  (v.  gastroepiploica  dextra)  receives  branches  from  the 
greater  omentum  and  from  the  lower  parts  of  the  antero-superior  and  postero- 
inferior  surfaces  of  the  stomach;  it  runs  from  left  to  right  along  the  greater  curva¬ 
ture  of  the  stomach  between  the  two  layers  of  the  greater  omentum. 

The  pancreaticoduodenal  veins  (w.  pancreaticoduodenales)  accompany  their  corre¬ 
sponding  arteries;  the  lower  of  the  two  frequently  joins  the  right  gastroepiploic 
vein. 

The  Coronary  Vein  (v.  coronaria  ventriculi;  gastric  vein)  derives  tributaries  from 
both  surfaces  of  the  stomach;  it  runs  from  right  to  left  along  the  lesser  curvature 
of  the  stomach,  between  the  two  layers  of  the  lesser  omentum,  to  the  esophageal 
opening  of  the  stomach,  where  it  receives  some  esophageal  veins.  It  then  turns 
backward  and  passes  from  left  to  right  behind  the  omental  bursa  and  ends  in  the 
portal  vein. 

The  Pyloric  Vein  is  of  small  size,  and  runs  from  left  to  right  along  the  pyloric 
portion  of  the  lesser  curvature  of  the  stomach,  between  the  two  layers  of  the  lesser 
omentum,  to  end  in  the  portal  vein. 

The  Cystic  Vein  (a.  cystica)  drains  the  blood  from  the  gall-bladder,  and,  accom¬ 
panying  the  cystic  duct,  usually  ends  in  the  right  branch  of  the  portal  vein. 

Parumbilical  Veins  (vo.  parumbilicales) . — In  the  course  of  the  ligamentum  teres 
of  the  liver  and  of  the  middle  umbilical  ligament,  small  veins  ( parumbilical )  are 
found  which  establish  an  anastomosis  between  the  veins  of  the  anterior  abdominal 
wall  and  the  portal,  hypogastric,  and  iliac  veins.  The  best  marked  of  these  small 
veins  is  one  which  commences  at  the  umbilicus  and  runs  backward  and  upward 
in,  or  on  the  surface  of,  the  ligamentum  teres  between  the  layers  of  the  falciform 
ligament  to  end  in  the  left  portal  vein. 

Collateral  venous  circulation  to  relieve  portal  obstruction  in  the  liver  may  be  effected  by 
communications  between  (o)  the  gastric  veins  and  the  esophageal  veins  which  often  project 
as  a  varicose  bunch  into  the  stomach,  emptying  themselves  into  the  hemiazygos  vein;  (b)  the 
veins  of  the  colon  and  duodenum  and  the  left  renal  vein;  (c)  the  accessory  portal  system  of 
Sappey,  branches  of  which  pass  in  the  round  and  falciform  ligaments  (particularly  the  latter) 
to  unite  with  the  epigastric  and  internal  mammary  veins,  and  through  the  diaphragmatic 
vein9with  the  azygos;  a  single  large  vein,  shown  to  be  a  parumbilical  vein,  may  pass  from 
the  hilus  of  the  liver  by  the  round  ligament  to  the  umbilicus,  producing  there  a  bunch  of 
prominent  varicose  veins  known  as  the  caput  medusae ;  (d)  the  veins  of  Retzius,  which  connect 
the  intestinal  veins  with  the  inferior  vena  cava  and  its  retroperitoneal  branches;  (e)  the  inferior 
mesenteric  veins,  and  the  hemorrhoidal  veins  that  open  into  the  hypogastrics;  if)  very  rarely 
the  ductus  venosus  remains  patent,  affording  a  direct  connection  between  the  portal  vein  and 
the  inferior  vena  cava. 


THE  LYMPHATIC  SYSTEM. 


mHE  lymphatic  system  consists  (1)  of  complex  capillary  networks  which  collect  the 
A  lymph  in  the  various  organs  and  tissues;  (2)  of  an  elaborate  system  of  collecting 
vessels  which  conduct  the  lymph  from  the  capillaries  to  the  large  veins  of  the  neck 
at  the  junction  of  the  internal  jugular  and  subclavian  veins,  where  the  lymph  is 
poured  into  the  blood  stream;  and  (3)  lymph  glands  or  nodes  which  are  inter¬ 
spaced  in  the  pathways  of  the  collecting  vessels  filtering  the  lymph  as  it  passes 
through  them  and  contributing  lymphocytes  to  it.  The  lymphatic  capillaries  and 
collecting  vessels  are  lined  throughout  by  a  continuous  layer  of  endothelial  cells, 
forming  thus  a  closed  system.  The  lymphatic  vessels  of  the  small  intestine  receive 
the  special  designation  of  lacteals  or  chyliferous  vessels;  they  differ  in  no  respect 
from  the  lymphatic  vessels  generally  excepting  that  during  the  process  of  digestion 
they  contain  a  milk-white  fluid,  the  chyle. 
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Fio.  611. — Scheme  showing  relative  positions  of  primary  lymph  sacs  based  on  the  description  given  by 
.  Florence  Sabin. 


The  Development  of  the  Lymphatic  Vessels. — The  earliest  lymphatic  endothe¬ 
lium  probably  arises,  like  the  blood-vascular  endothelium,  by  local  transformations 
of  the  mesoderm  into  endothelial  islands  which  fuse  into  definite  channels  and 
plexuses.  As  with  the  blood  vascular  endothelium,  this  transformation  ceases 
at  different  times  in  different  regions  and  farther  growth  and  extension  of  the 
lymphatic  endothelium  takes  place  by  sprouts  from  the  already  differentiated 
endothelium.1 

The  lymphatic  endothelium  forms  a  series  of  sacs,2  two  paired,  the  jugular  and 

1  McClure,  Anat.  Rec.,  1921,  22,  219. 

*  Sabin,  Am.  Jour.  Anat.,  1909,  vol.  9,  Johns  Hopkins  Hospital  Reports,  1913. 
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the  posterior  lymph-sacs;  and  two  unpaired,  the  retroperitoneal  and  the  cistema 
chyli. 

The  position  of  the  sacs  is  as  follows:  (1)  jugular  sac,  the  first  to  appear,  at  the 
junction  of  the  subclavian  vein  with  the  primitive  jugular;  (2)  posterior  sac,  at 
the  junction  of  the  iliac  vein  with  the  cardinal;  (3)  retroperitoneal,  in  the  root 
of  the  mesentery  near  the  suprarenal  glands;  (4)  cistema  chyli,  opposite  the  third 
and  fourth  lumbar  vertebrae  (Fig.  611).  The  two  jugular  sacs  establish  permanent 
connections  with  the  large  veins  in  their  immediate  neighborhood.  From  the 
lymph-sacs  the  lymphatic  vessels  spread  along  fixed  lines  corresponding  more  or 
less  closely  to  the  course  of  the  embryonic  bloodvessels.  Both  in  the  body-wall 
and  in  the  wall  of  the  intestine,  the  deeper  plexuses  are  the  first  to  be  developed; 
by  continued  growth  of  these  the  vessels  in  the  superficial  layers  are  gradually 
formed.  The  thoracic  duct  is  probably  formed  from  anastomosing  outgrowths 
from  the  jugular  sac  and  cistema  chyli.  At  its  connection  with  the  cistema  chyli 
it  is  at  first  double,  but  the  two  vessels  soon  join. 

All  the  lymph-sacs  except  the  cistema  chyli  are,  at  a  later  stage,  divided  up  by 
slender  connective  tissue  bridges  and  transformed  into  groups  of  lymph  glands. 
The  lower  portion  of  the  cistema  chyli  is  similarly  converted,  but  its  upper  portion 
remains  as  the  adult  cisterna. 

Lymphatic  Capillaries. — The  complex  capillary  plexuses  which  consist  of  a 
single  layer  of  thin  flat  endothelial  cells  lie  in  the  connective-tissue  spaces  in  the 
various  regions  of  the  body  to  which  they  are  distributed  and  are  bathed  by  the 
intercellular  tissue  fluids.  Two  views  are  at  present  held  as  to  the  mode  in  which 
the  lymph  is  formed :  one  being  by  the  physical  processes  of  filtration,  diffusion,  and 
osmosis,  and  the  other,  that  in  addition  to  these  physical  processes  the  endothelial 
cells  have  an  active  secretory  function.  The  colorless  liquid  lymph  has  about  the 
same  composition  as  the  blood  plasma.  It  contains  many  lymphocytes  and  fre¬ 
quently  red  blood  corpuscles.  Granules  and  bacteria  are  also  taken  up  by  the  lymph 
from  the  connective-tissue  spaces,  partly  by  the  action  of  lymphocytes  w  hich  pass 
into  the  lymph  betw  een  the  endothelial  cells  and  partly  by  the  direct  passage  of  the 
granules  through  the  endothelial  cells. 

The  lymphatic  capillary  plexuses  vary  greatly  in  form;  the  anastomoses  are 
usually  numerous;  blind  ends  or  cul-de-sacs  are  especially  common  in  the  intestinal 
villi,  the  dermal  papillae  and  the  filiform  papillae  of  the  tongue.  The  plexuses  are 
often  in  two  layers:  a  superficial  and  a  deep,  the  superficial  being  of  smaller  caliber 
than  the  deep.  The  caliber,  however,  varies  greatly  in  a  given  plexus  from  a  few 
micromillimeters  to  one  millimeter.  The  capillaries  are  without  valves. 

Distribution. — The  Skin . — Lymphatic  capillaries  are  abundant  in  the  dermis 
where  theyr  form  superficial  and  deep  plexuses,  the  former  sending  blind  ends  into 
the  dermal  papillae.  The  plexuses  are  especially  rich  over  the  palmar  surface  of  the 
hands  and  fingers  and  over  the  plantar  surface  of  the  feet  and  toes.  The  epidermis 
is  without  capillaries.  The  conjunctiva  has  an  especially  rich  plexus. 

The  subcutaneous  tissiie  is  without  capillaries. 

The  tendons  of  striated  muscle  and  muscle  sheaths  are  richly  supplied.  In  muscle, 
however,  their  existence  is  still  disputed. 

The  'periosteum  of  bone  is  richly  supplied  and  they  have  been  described  in  the 
Haversian  canals.  Theyr  are  absent  in  cartilage  and  probably^  in  bone  marrow. 

The  joint  capsules  are  richly  supplied  with  lymphatic  capillaries,  they  do  not, 
however,  open  into  the  joint  cavities. 

Beneath  the  mesothelium  lining  of  the  pleural ,  peritoneal  and  pericardial  cavities 
are  rich  plexuses;  they  do  not  open  into  these  cavities. 

The  alimentanj  canal  is  supplied  wdth  rich  plexuses  beneath  the  epithelium,  often 
as  a  superficial  plexus  in  the  mucosa  and  a  deeper  submucosal  plexus.  Cul-de-sacs 
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extend  into  the  filiform  papillae  of  the  tongue  and  the  villi  of  the  small  intestine. 
Thi>«  portions  of  the  aiinieptaiT  etUtal  covered  by  peritoneum,  have  in  addition 
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l  it  61^.— Lyniph  ratulkrim  1t%L  fii«*  h.mYjut  Khntfmfr.atetf  trawitjoD  ir«v\  capillarieB  to  th?  eolhnrtifiife 

5C20dift.  ('FeitbmwJUi.)' 

'Yhe*al<rnri;  «?biw/<Ufx?  supplied  with  lymphatic capillaries. 

The  plexus  .tn  the'-jaii^iie;  and  also  'i?^i\d'tviple35t»see^ 

which  accompany  the  hepatic  artery  and  porta!  vein.  IV'  lympliittV  capillaries 
haw  not  V*n  followed  into  the  liver  lobbies.  The  htnph  frnht  the  liver  forms  a 


b'lit  Hit.  —  r4jnlUrrta*  xil  the  cutis  fmr/  ?Jtp  intirr  border  of  the  sole  *>f  thf1  huniKu  (o<>i 
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The  funml  cavity  has  extensive  capillary  plexuses  in  the  movosa  and  sulMnurtsst- 
Tbte  itHffbea,  and  bronchi  have  plexuses,  in  the  niRovsa  end  .subrftu£asg  but  fi«? 
smaller  forondn  have  ■"•only.  a  single  'layer.,  The  capillaries  d<>  not  ejciefid 
air-cells,  vffcfe  plexuses  around  the  Vfi$i  the  rich'  sbl^diis 

plexus  of  the  lungs  in  places  where  the  veins  .reach  the  surface. 


Fig  »fl.5  ~VenicA),»ectioii  through  hiinmittcrngue;  n>  a,  blind  lyritpb  rupillurics  in  the  filiform  papiac  trxih  iht  itzdir* 

lying  lymphatic  plcxtus,  X4 h.  iTeicl  nwmi.  j 


LyrapimticS  have  been  deserilw'd  in  the  thyroid  gland  and  in  the  thymit,?. 

The  udmral  has  a  superficial  plexus  .divided  into  two  layers,  one  in  the  loose  tissue 
about  the  gland  .fluid  the  other  beneath  the  capsule.  Capillaries  have  also  been 
<;«  v;ril*-d  within  the  partnidiyrna. 
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large  part  of  that  which  flows  through  the  thoracic  dud.  The  gallddadd&MM 
dn<*U  e  subepithebal  plexuses  and  the  former  a  subseroas  plexus. 

Tfa'wt'm  a  rich  subserous  set  and  a  capsular  set  of  I^iphatic  capillari^ 
Ihcir  presence  in  the  parenchyma  is  dnemaite 
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The  kidney  is  supplied  with  a  coarse  subserous  plexus  and  a  deeper  plexus  of 
finer  capillaries  in  the  capsule.  Lymphatics  have  been  described  within  the  sub¬ 
stance  of  the  kidney  surrounding  the  tubules. 

The  urinary  bladder  has  a  rich  plexus  of  lymphatic  capillaries  just  beneath  the 
epithelial  lining,  also  a  subserous  set  which  anastomoses  with  the  former  through 
the  muscle  layer.  The  submucous  plexus  is  continuous  with  the  submucous  plexus 
of  the  urethra. 

The  proslate  has  a  rich  lymphatic  plexus  surrounding  the  gland  and  a  wide- 
meshed  subcapsular  plexus. 

The  testis  has  a  rich  superficial  plexus  beneath  the  tunica  albuginea.  The  pres¬ 
ence  of  deep  lymphatics  is  disputed. 

The  uterus  is  provided  with  a  subserous  plexus,  the  deeper  lymphatics  are 
uncertain.  Subepithelial  plexuses  are  found  in  the  vagina. 

The  ovary  has  a  rich  superficial  plexus  and  a  deep  interstitial  plexus. 

The  heart  has  a  rich  subserous  plexus  beneath  the  epicardium.  Lymphatic 
capillaries  have  also  been  described  beneath  the  endocardium  and  throughout 
the  muscle. 

Lymphatic  capillaries  are  probably  absent  in  the  central  nervous  system,  the 
meninges,  the  eyeball  (except  the  conjunctiva),  the  orbit,  the  internal  ear,  within 
striated  muscle,  the  liver  lobule,  the  spleen  pulp  and  kidney  parenchyma.  They 
are  entirely  absent  in  cartilage.  In  many  places  further  investigation  is  needed. 

lymphatic  Vessels. — The  lymphatic  vessels  are  exceedingly  delicate,  and  their 
coats  are  so  transparent  that  the  fluid  they  contain  is  readily  seen  through  them. 
They  are  interrupted  at  intervals  by  constrictions,  which  give  them  a  knotted 
or  beaded  appearance;  these  constrictions  correspond  to  the  situations  of  valves 
in  their  interior.  Lymphatic  vessels  have  been  found  in  nearly  every  texture 
and  organ  of  the  body  which  contains  bloodvessels.  Such  non-vascular  structures 
as  cartilage,  the  nails,  cuticle,  and  hair  have  none,  but  with  these  exceptions  it  is 
probable  that  eventually  all  parts  will  be  found  to  be  permeated  by  these  vessels. 

Structure  of  Lymphatic  Vessels. — The  larger  lymphatic  vessels  are  each  composed  of  three 
coats.  The  internal  coat  is  thin,  transparent,  slightly  elastic,  and  consists  of  a  layer  of  elongated 
endothelial  cells  with  wavy  margins  by  which  the  contiguous  cells  are  dovetailed  into  one  another; 
the  cells  are  supported  on  an  elastic  membrane.  The  middle  coat  is  composed  of  smooth  muscular 
and  fine  elastic  fibers,  disposed  in  a  transverse  direction.  The  external  coat  consists  of  connective 
tissue,  intermixed  with  smooth  muscular  fibers  longitudinally  or  obliquely  disposed;  it  forms 
a  protective  covering  to  the  other  coats,  and  serves  to  connect  the  vessel  with  the  neighboring 
structures.  In  the  smaller  vessels  there  are  no  muscular  or  elastic  fibers,  and  the  wall  consists 
only  of  a  connective-tissue  coat,  lined  by  endothelium.  The  thoracic  duct  has  a  more  complex 
structure  than  the  other  lymphatic  vessels;  it  presents  a  distinct  subendothelial  layer  of  branched 
corpuscles,  similar  to  that  found  in  the  arteries;  in  the  middle  coat  there  is,  in  addition  to  the 
muscular  and  elastic  fibers,  a  layer  of  connective  tissue  with  its  fibers  arranged  longitudinally. 
The  lymphatic  vessels  are  supplied  by  nutrient  vessels,  which  are  distributed  to  their  outer 
and  middle  coats;  and  here  also  have  been  traced  many  non-med ullated  nerves  in  the  form  of 
a  fine  plexus  of  fibrils. 

The  valves  of  the  lymphatic  vessels  are  formed  of  thin  layers  of  fibrous  tissue  covered  on  both 
surfaces  by  endothelium  which  presents  the  same  arrangement  as  on  the  valves  of  veins  (p.  523). 
In  form  the  valves  are  semilunar;  they  are  attached  by  their  convex  edges  to  the  wall  of  the 
vessel,  the  concave  edges  being  free  and  directed  along  the  course  of  the  contained  current. 
Usually  two  such  valves,  of  equal  size,  are  found  opposite  one  another;  but  occasionally  excep¬ 
tions  occur,  especially  at  or  near  the  anastomoses  of  lymphatic  vessels.  Thus,  one  valve  may 
be  of  small  size  and  the  other  increased  in  proportion. 

In  the  lymphatic  vessels  the  valves  are  placed  at  much  shorter  intervals  than  in  the  veins. 
They  are  most  numerous  near  the  lymph  glands,  and  are  found  more  frequently  in  the  lymphatic 
vessels  of  the  neck  and  upper  extremity  than  in  those  of  the  lower  extremity.  The  wall  of 
the  lymphatic  vessel  immediately  above  the  point  of  attachment  of  each  segment  of  a  valve  is 
expanded  into  a  pouch  or  sinus  which  gives  to  these  vessels,  when  distended,  the  knotted  or 
boded  appearance  already  referred  to.  Valves  are  wanting  in  the  vessels  composing  the  plexi- 
fonn  net-work  in  which  the  lymphatic  vessels  usually  originate  on  the  surface  of  the  body. 
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J-yapfi  CMaads  ilymph&gtmdufa) . — Tbe  l.sinpb  glands  are  small  oval  or  bean-, 
shaded  bodice  situated ,«b.  ''th»  course  of  lymphatic  and  lacteal  vessels  so  that  th^ 
lymph  and  chyle  pass  through  them  on  their  way  to  the  bipod.  Each  generally 
presents  on  one  sale  a  slight  depression — the  tuHis— through  which  tta.  bloodvessel? 
enter  ami  leave  the  interior.  The  efferent  lymphatic  vessel  also  emerge i  from  tir 
gland  at  this  spot,  while  the  afferent  vessels  enter  the  organ  at  different  part-. «;.( 
die  periphery. .  On  section  (Fig.  fflti)  a  lymph  gland  displsys  two  different  tl  rup¬ 
tures;  an  external,  of  lighter  color— (he  cortical;  and;  jm  mierasd,  darker the 

medadary.  The  cortical  structure  does  not  form  a  complete  investment,  but  is 
deficient  at  the  hdu-v  where  the  tnedldlary  ponjop  reaches  the  surface  el  the 
gland;  so  that  tbe  efferent  vessel  is  derived  directly  from  the  medullary  structures, 
while  the  afferent  vessels  empty  themselves  into  the  cortical  substance. 
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Fiu.  jO  1 6  — h^ctir?r)  of  y nmll  IvwpK  glund  ol  rabbit,  X  1Q(>. 


Structure  of  Lymph  Glands  u— A  lymph  gland  eonsbte  of  (1).  a  ftlxroufi  envelope,  or  capsule, 
from  winch  a  framework  of  processes  (Iwhecidati  prorate  irpy&rd,  ^perfectly,  •  dividing  the 
id^od  mto  apefi  freely  with  each  other;  (2)  a  qpadtiiy '.Oif. 

amipying  ihefe  spnea$  •. without  t^mpie.iefy  filing  f  hem;  (3)  »  free  supply 

supported  la  the  £pibt&yd&;  and  (4)  the  afternnt  and  nftttmi  ms«}* wmtouifeitwg  ttoi# 
ibx;  lymph  pat  ba  m  the  substance  of  the  gland.  The  uerves  passing  into  the  lulus  m 
number  and  are.  chiefly  distrifeiited  to  the  fdoodvos^ls  supplying  the  gland- 

The eapsulfc  keompOSHj  of.ebnofrHiv-e  tissue  with  mto*?  plain  muscle,  fibers,  ftnilirooii^ifiroowt 
given  off  a  number  ed  membranous  pTuamvs  or  trabeetiliK.  pointing,  in  maii,  of 
eorioeetive  tissue,  with  a  ,5iiiaU  u4mixttire  .of  plain  muscle  fibers;  but  in  many  of  the  fewer  animal* 
eomimsed  almost  Entirely  of  involuntary  muscle*  They  p*&s  IJiWsrd;  radhttmg  towaiti 
of  the -giand,  tV>f  a  certain  disffin.ci—  -that  is  to  say  ,  frir ''about  pmvtlurd  or  one- lour# h  >4  t$w§  «p| 
betwy^i  UmciTeiimf erenee  an d  the  renter  of  the  gl'md  Insurne  anitnats  they  are  ^n^it'iervUy 
to  divide  thft  peripteral  or  cottical  portion  a  number  of  rinmpsn- 

tnenta  -.-m :  man  ..this  arrangement  ip MWkv»is  The  larger  mteaf* 

springing  from  the  capsule  break  up  into  (iuer  bands,  and  thave  interlace  to  for  mu  *m4-wrt 
iu  the  central  or  portfolr-of  the  stolid;2  *-1^ ^ d?p^tces?  formed  by  the  latejl^ing 

tl-abeciilm  is  ooutmimd  ilm  proper  dr  lyinphoid  tissue.'  The  gland  puljr  »k** 

not,  however,  completely  (ill  the  spaced  httte  Wyjss,  between  i\m  outer  margin  arid;  the 
trabeculae,  a  channel  or  epace  of  ^fidth  throughout.  This  is  termed  the  lymph  pi*b 


stiwctvmm  of  lymph  glands 


wlympfc  si&sm  (Fig-  W'  .  Harming  screws:  it  are  a  number  of  finer  imbemiw  of  retifonw  wo- 
t  Issue*  thbrttbers  u£  which$ro>  for  thf?j$ost  p&n,  covered  by  r&nufyfog  c?etl»- 
tfa&kvto nt  <>f  the  peculiar  mginj^mpni^t  the  frame-work  of  the  organ,.  the  gland  pulp  In  the 
0ji{(jni  portiofi  i»  disposed  its,  fhe  form  of  nodules.  and  in  the  m^ullary  part  m$h*  form  of  rounded 
byte:  tt  co&sisfo'  of  ordinary  lyiopK^id -ilsfenje  .(Fig*  €47)^  being  made  tip  of  a.  delicate  net-work 
‘of-  'itii&ii'  U-  OOtttifiU&Ua  with  that  in  the  lymph  palha,  bdt  iriaxkai  off  from  it 

by  a  do»R.r-.n?tieulat4oii;  it  is  probable,  moreover  t  that  thtjyeihmlar  t4s$ua.uf  tim  gfaxtd  pulp  and 
t&dympli  patba  \s  eontlnudus  svitb  that  of  the  triftbechfe,  ^d  dltfnlateiy  with  that  of ifee  capsule 
tii  tee  glctfid..  fo  its  meahes,  in  thehfrdbfos  and  eorda  tissue,  closely  packed 

Ipaph  t^orpaaelps.  The  gland  .pulp  ir  trav«rml by  a  dense  pfeae  i§  capillary  bloodvessels, 
fhe  L»adu&$  or  follicles  m  the  cortical  portfop  of  the  abow^.m  ,<hw  ccnfoj^ 

%ms  where  karyokmettc  figures  irniiteate!  a  dtvMoii  of  the  Jympii  rorpUBchfS.  These  areas  &re 
vennwi  g«n&  factors.  Tfch  ct?{fo  rccrjposing  them  li^ye  more  abundant  prot^b^sm  than  the 
poppbctal  ceil*.  ;  -  *  ' 

The  afferent  mtsls,  as  stated  above,  enter  at  ail  p hr®  of  the  penphery  of  ih^  glamf,  and  After 


ijvi  tbwUrte  Highly  mtufn&eit.  &.  fYabaoulte 6.  Small  artery  iv  cutota&ce  <sf  '«**&*-• 
r  Lymph  paths ..  <t  Lymph  coi’i>u*uta'.  ?  OnprliorV 


conical  port. ton,  whero  it  us  Exposed  to  the  arlKui  of  the  gland- pulp;  Sowing  through 
TwmV  the  patlis  or  sinuses  of  the  medullary'  portion,  and  finally  eErtcrgro  from  the  lulus 

to  im'-an*  of  *:he  efferent  vtissel..  ThV  at  ream-  of  iya>.ph  in  \H  parage  through  the  lymph  sinuses 
it  ^uurh  itetarded  by  the  pr&mwti  of  the  rofhiidulrt;  hence  ipfiophbloj^ienl  elements,  cither  oarmaJ 
ti;  morbid.  aro  easily  arrested  and  deposited  fothe  sinus#*,  Many  lymph  corpuscles  pwjs  with 
*0# fat  lymph  alream  to  join  tfro  ginvoraJ  blood  stream.  The<  attend  oj  Uie  gland  enter 
t-  *ta  hiiue.  *od  either  go  at  once-  to  the  gluhd  pulp,  to  break  up  Into  a  'oajf.iil.Ary  plexus,  or  else 
nit)  tilong  the  trabecula,  partly  to  *aipply  them  and  partly  running  acroas  t,h*  lymph  patfjft, 
s^rvt  in  fu/miag  the  capillary  pi&‘£i»&  pf  the  gland  pulp.  Thfe  ;pl^a^;:t.^av*vVsit»  the  lymphoid 
t^ie,.  but,  <km  not  enter  into  tlm  lymph  sin  usee.  From  it  the  Voms  ycruir»^«rc  and  engorge 
inm  i Kr?  organ  at  the  same  places  ihaf  at  which  the  Arteries  enter. 


TIm-  iyinplmCic  vessels  are  arranged  into  a  supst^elal  und  a  deep  s&t;  On  the 
^irfupe  of  the  iKxiy  the  auperfxaal  Jytnphute  s  are  |>laee<l 
Unentii  the  integument.,  ^qw^piimjang  the>it|>erfi(7ilil  veiii^r  they 
•bxiiphntie  vessel*  in  certain  situatiems  hy  pcrfutMmg  the  deep  fmAft..  In  the 
^HTuvr  of  U,e  bMy.  they  lie  in  the  suhrmb  ous  jir^olar  tissue,  throughout  the  whole 
length  of  the  digestive,  respiratory,  iiad  |^mit»>urinary  trusts;  mid  in  the  sub^rous 
u>.<nt:  nf  the  thoracic  u?ui  abdoruinat  walls.  Plexiforni  networks  of  minute  lytn- 
jhatie  \  essels  are  found  interspersed  t&m'uog  the  proper  elements  and  blnodvcHseJs 
of  the  several  tissues;  the  vessels  eomposing  the  net-work,  as  well  as  the  meshes 


694 


ANGIOLOGY 


between  them,  are  much  larger  than  those  of  the  capillary  plexus.  From  these 
net-works  small  vessels  emerge,  which  pass,  either  to  a  neighboring  gland,  or  to 
join  some  larger  lymphatic  trunk.  The  deep  lymphatic  vessels,  fewer  in  number, 
but  larger  than  the  superficial,  accompany  the  deep  bloodvessels.  Their  mode  of 
origin  is  probably  similar  to  that  of  the  superficial  vessels.  The  lymphatic  vessels 
of  any  part  or  organ  exceed  the  veins  in  number,  but  in  size  they  are  much  smaller. 
Their  anastomoses  also,  especially  those  of  the  large  trunks,  are  more  frequent, 
and  are  effected  by  vessels  equal  in  diameter  to  those  which  they  connect*  the  con¬ 
tinuous  trunks  retaining  the  same  diameter. 

Hemolymph  nodes  or  glands  and  hemal  nodes  which  are  so  abundant  in  some 
mammals  are  probably  not  present  in  man. 

Lymph. — Lymph,  found  only  in  the  closed  lymphatic  vessels,  is  a  transparent, 
colorless,  or  slightly  yellow,  watery  fluid  of  specific  gravity  about  1.015;  it  closely 
resembles  the  blood  plasma,  but  is  more  dilute.  When  it  is  examined  under  the 
microscope,  leucocytes  of  the  lymphocyte  class  are  found  floating  in  the  transparent 
fluid;  they  are  always  increased  in  number  after  the  passage  of  the  lymph  through 
lymphoid  tissue,  as  in  lymph  glands.  Lymph  should  be  distinguished  from  ‘'tissue 
fluid”1  which  is  found  outside  the  lymphatic  vessels  in  the  tissue  spaces. 


THE  THORACIC  DUCT. 

The  thoracic  duct  {ductus  thoracicus)  (Fig.  618)  conveys  the  greater  part  of  the 
lymph  and  chyle  into  the  blood.  It  is  the  common  trunk  of  all  the  lymphatic 
vessels  of  the  body,  excepting  those  on  the  right  side  of  the  head,  neck,  and  thorax, 
and  right  upper  extremity,  the  right  lung,  right  side  of  the  heart,  and  the  convex 
surface  of  the  liver.  In  the  adult  it  varies  in  length  from  38  to  45  cm.  and  extends 
from  the  second  lumbar  vertebra  to  the  root  of  the  neck.  It  begins  in  the  abdomen 
by  a  triangular  dilatation,  the  cistema  chyli,  which  is  situated  on  the  front  of  the 
body  of  the  second  lumbar  vertebra,  to  the  right  side  of  and  behind  the  aorta, 
by  the  side  of  the  right  crus  of  the  diaphragm.  It  enters  the  thorax  through  the 
aortic  hiatus  of  the  diaphragm,  and  ascends  through  the  posterior  mediastinal 
cavity  between  the  aorta  and  azygos  vein.  Behind  it  in  this  region  are  the  vertebral 
column,  the  right  intercostal  arteries,  and  the  hemiazygos  veins  as  they'  cross  to 
open  into  the  azygos  vein;  in  front  of  it  are  the  diaphragm,  esophagus,  and  peri¬ 
cardium,  the  last  being  separated  from  it  by  a  recess  of  the  right  pleural  cavity. 
Opposite  the  fifth  thoracic  vertebra,  it  inclines  toward  the  left  side,  enters  the  supe¬ 
rior  mediastinal  cavity,  and  ascends  behind  the  aortic  arch  and  the  thoracic  part 
of  the  left  subclavian  artery  and  between  the  left  side  of  the  esophagus  and  the 
left  pleura,  to  the  upper  orifice  of  the  thorax.  Passing  into  the  neck  it  forms  an 
arch  which  rises  about  3  or  4  cm.  above  the  clavicle  and  crosses  anterior  to  the 
subclavian  artery,  the  vertebral  artery  and  vein,  and  the  thyrocervical  trunk  or 
its  branches.  It  also  passes  in  front  of  the  phrenic  nerve  and  the  medial  border 
of  the  Scalenus  anterior,  but  is  separated  from  these  two  structures  by  the  pre- 
vertebral  fascia.  In  front  of  it  are  the  left  common  carotid  artery,  vagus  nerve, 
and  internal  jugular  vein ;  it  ends  by  opening  into  the  angle  of  junction  of  the  left 
subclavian  vein  w  ith  the  left  internal  jugular  vein.  The  thoracic  duct,  at  its  com¬ 
mencement,  is  about  equal  in  diameter  to  a  goose-quill,  but  it  diminishes  consid¬ 
erably  in  caliber  in  the  middle  of  the  thorax,  and  is  again  dilated  just  before  its 
termination.  It  is  generally  flexuous,  and  constricted  at  intervals  so  as  to  present 
a  varicose  appearance.  Not  infrequently  it  divides  in  the  middle  of  its  course  into 
two  vessels  of  unequal  size  which  soon  reunite,  or  into  several  branches  which  form 


1  Sabin,  Harvey  Lecture,  Series  ix.  New  York,  1915-16. 
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»  plexiforrn  interlacement.  It  occasionally  divides  at  its ;  upper  pert  into  two 
branches,  rigid  and  left;  the  left  ending, io  Hie  usual  manner,  while  the  right  opens 
into  the  right  subclavian  vein,  ijj 
connection  with  the.  right,  l^iaphatie 
duct.  The  thoracic  duct  has  Severn) 
valves;  at  its  imnirmtton  it  is  pro- 
videii  with  a  pair,  the  fpsjjj-  lipriicrs 
of  whicl’  are  turned  toward  the  vein, 

%>  o.f  to  prevent  the  passage  id 
venous  blood  into  the  dnyt.  y  N.;- ■ 

The  ciBtenta  ehyli  tmcptactiluin. 
chyti)  (Fig.  1*19)  receives  the.  two 
luoihar  1  vim phatie  trunks,  right  add 
left,  and  the  intestinal  lymphatic 
trunk;  The  lumbar  trtmks  are  fotiped, 
by  the  union  of  the  efferent.  vessels 
from  the  lateral  aortic  lymph  glftuds. 

They  receive  the  lymph  from  the 
lover  limbs,  frmt>  the  wells  and 
viscera  of  the  pelvis,  from  the  kid¬ 
neys,  and  sPjparcnal  glands  and  the 
deep  lymphatics  of  the  greater  part 
of  the  abdominal  wall.  The  intea- 
ujiil  te»k  receives  the  lymph  from 
and  intestine,  from  the 
pancreas  and  spleen,  and  from  the 
(after  mid  front  part  of  the  lives.  * 

^  tributaries. 


jPfaUri/'i)  \ 


Opening  into  thy 
commencement  of  the  thoracic  duct » 
or*  eitberside,  is  u  ileaffemling  trunk 
m«m  the  interior  intercostal  lymph 
£Wb  r>f  the  lower  six  or  seven  in- 
ferwiitt  graces  I n  the  thorax  the 
•luct  is  jfiinedf  <ut  either  side,  by  a 
tfiiuk  which  drains  the  upper.lumb&r 
tyhiph  glandte  and  pierces  the :  crus. 

of  the  »1iap}>ragm.  It  also.  Teceivt^ 

..  ,  . 


the  efferents  from  the  posterior 
molhsiitiid  lytuph  glands  ami  from 
the  posterior  intercostal  lynijdi. 


.ehuffbfff  the  upper  deft  spaces. 

In  the  neck  it  is  joined  by  thc  left 
jugular  and  left  sahclacian  tranks, 
and  secnettftles  by  the  left  broncho- 
mediastinal  trunk;  the  last-named, 
however,  usually  opens  indepen- 
•lei.tly  into  the  junction  of  the  left  /  MH 
auMaviun  and  interna.  jugular 
yrim.  '■  , 

The  right  lymphatic  duct  i [ductus  lyinphttf&w> Hfxkr)  (Fig.  about  1.2, 


VWt  h*  ihorf«)in  «iid  rigi't  lyropbatio.  dtaeta. 


lhe  right  lymphatic  duct  iductv#  lyrnphutm^  tuxkr)  (rig.  ubuut  cm. 
i?i  length,  courses  along  the  medial  border  of  tin,*  Scalenus  anterior  at  the  rout  of 
the  neek  and  ends  in  the  right  Ruboisvmn  vein-  at  its  angle  of  juownon  with  the  right, 
internal  jugular' vein  Its  orifice  .is  guarded  by  two  semilunar  valve*,  wdtich  prevent 
ih*.  iirtivijhe  duct. 
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Tributaries. — The  right  lymphatic  duct  receives  the  lymph  from  the  right  side 
of  the  head  and  neck  through  the  right  jugular  trunk ;  from  the  right  upper  extremity 
through  the  right  subclavian  trunk;  from  the  right  side  of  the  thorax,  right  lung, 
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Fia.  619. — Modes  of  origin  of  thoracic  duct.  (Poirier  and  Charpy.)  a.  Thoracic  duct.  a'.  Cisteraa  chvli.  b,  e * 
Efferent  trunks  from  lateral  aortic  jglands.  d.  An  efferent  vessel  which  pierces  the  left  crus  of  the  diaphragm,  t.  f. 
Lateral  aortic  glands,  h.  Retroaortic  glands,  i.  Intestinal  trunk,  j.  Descending  branch  from  intercostal  lymphatics. 


right  side  of  the  heart,  and  part  of  the  convex  surface  of  the  liver,  through  the 
right  bronchomediastinal  trunk.  These  three  collecting  trunks  frequently  open 
separately  in  the  angle  of  union  of  the  two  veins. 


Fia.  020.  —Terminal  collecting  trunks  of  right  side.  a.  Jugular  trunk.  6.  Subclavian  trunk,  e.  Broncho¬ 
mediastinal  trunk.  <L  Right  lymphatic  trunk,  e.  Gland  of  internal  mammary  chain.  /.  Gland  of  deep  cervical 
chain.  (Poirier  and  Charpy.) 


THE  LYMPHATICS  OF  T  *  HEAD,  FACE,  AND  NECK. 


The  Lymph  Glands  of  the  Head  (Fig.  621). 

The  lymph  glands  of  the  head  are  arranged  in  the  following  groups: 

Occipital.  Facial. 

Posterior  Auricular.  Deep  Facial. 

Anterior  Auricular.  Lingual. 

Paroti  d .  Retropharyngeal. 

The  occipital  glands  ( lymphoglandvlce  occipitales) ,  one  to  three  in  number,  are 
placed  on  the  back  of  the  head  close  to  the  margin  of  the  Trapezius  and  resting 
on  the  insertion  of  the  Semispinalis  capitis.  Their  afferent  vessels  drain  the  occipi¬ 
tal  region  of  the  scalp,  while  their  efferents  pass  to  the  superior  deep  cervical 
glands. 
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The  posterior  auricular  glands  ( lympJwglandulw  auriculares ;  mastoid  glands ), 
usually  two  in  number,  are  situated  on  the  mastoid  insertion  of  the  Sternocleido- 
mastoideus,  beneath  the  Aurieularis  posterior.  Their  afferent  vessels  drain  the 
posterior  part  of  the  temporoparietal  region,  the  upper  part  of  the  cranial  surface 
of  the  auricula  or  pinna,  and  the  back  of  the  external  acoustic  meatus;  their 
efferents  pass  to  the  superior  deep  cervical  glands. 
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Kic  621. — Superficial  lymph  gland  a  and  lymphatic  vessels  of  head  and  neck. 


The  anterior  auricular  glands  ( lymphoglandu l/e  a uricidu res  anteriores;  superficial 
piTfdid  or  preauricidar  glands ),  from  one  to  three  in  number,  lie  immediately  in 
front  of  the  tragus.  Their  afferents  drain  the  lateral  surface  of  the  auricula  and  the 
skin  of  the  adjacent  part  of  the  temporal  region;  their  efferents  pass  to  the  superior 
deep  cervical  glands. 

Tlie  parotid  glands  (lymphoglanduUr  parotidea,)T  form  two  groups  in  relation 
with  the  parotid  salivary  gland,  viz.,  a  group  imbedded  in  the  substance  of  the  gland, 
and  a  group  of  subparotid  glands  lying  on  the  lateral  wall  of  the  pharynx.  Occa¬ 
sionally  small  glands  are  found  in  the  subcutaneous  tissue  over  the  parotid  gland, 
fheir  afferent  vessels  drain  the  root  of  the  nose,  the  eyelids,  the  frontotemporal 
region,  the  external  acoustic  meatus  and  the  tympanic  cavity,  possibly  also  the 
posterior  parts  of  the  palate  and  the  floor  of  the  nasal  cavity.  The  efferents  of 
these  glands  pass  to  the  superior  deep  cervical  glands.  The  afferents  of  the  sub- 
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parotid  glands  drain  the  nasal  part  of  the  pharynx  and  the  posterior  parts  of  the 
nasal  cavities;  their  efferents  pass  to  the  superior  deep  cervical  glands. 

The  facial  glands  comprise  three  groups:  (a)  infraorbital  or  maxillary,  scattered 
over  the  infraorbital  region  from  the  groove  between  the  nose  and  cheek  to  the 
zygomatic  arch;  (6)  buccinator,  one  or  more  placed  on  the  Buccinator  opposite  the 
angle  of  the  mouth;  (c)  supramandibular,  on  the  outer  surface  of  the  mandible, 
in  front  of  the  Masseter  and  in  contact  with  the  external  maxillary  artery  and 
anterior  facial  vein.  Their  efferent  vessels  drain  the  eyelids,  the  conjunctiva, 
and  the  skin  and  mucous  membrane  of  the  nose  and  cheek;  their  efferents  pass  to 
the  submaxillary  glands. 

The  deep  facial  glands  (lymphogland u Ur  facia les  profunda ;  internal  maxillary 
glands)  are  placed  beneath  the  ramus  of  the  mandible,  on  the  outer  surface  of  the 
Pterygoideus  extern  us,  in  relation  to  the  internal  maxillary  artery.  Their  afferent 
vessels  drain  the  temporal  and  infratemporal  fossa?  and  the  nasal  part  of  the  pharynx 
their  efferents  pass  to  the  superior  deep  cervical  glands. 

The  lingual  glands  (lyniphoglandnUp  linguoles)  are  two  or  three  small  nodules 
lying  on  the  Hyoglossus  and  under  the  Gemoglossus.  They  form  merely  glandular 
substations  in  the  course  of  the  lymphatic  vessels  of  the  tongue. 


The  retropharyngeal  glands  (Fig.  022),  from  one  to  three  in  number,  \k  in  the 
buccopharyngeal  fascia,  behind  the  upper  part  of  the  pharynx  and  in  front  of  the 
arch  of  the  atlas,  being  separated,  however,  from  the  latter  by  the  Longus  capitis. 
Their  afferents  drain  the  nasal  cavities,  the  nasal  part  of  the  pharynx,  and  the 
auditory  tubes;  their  efferents  pass  to  the  superior  deep  cervical  glands. 

The  lymphatic  vessels  of  the  scalp  are  divisible  into  («)  those  of  the  frontal  region, 
which  terminate  in  the  anterior  auricular  and  parotid  glands;  (b)  those  of  the 
temporoparietal  region,  which  end  in  the  parotid  and  posterior  auricular  glands, 
and  (c)  those  of  the  occipital  region,  which  terminate  partly  in  the  occipital 
glands  and  partly  in  a  trunk  which  runs  down  along  the  posterior  border  of  thr 
Sternocleidomastoideus  to  end  in  the  inferior  deep  cervical  glands. 

The  lymphatic  vessels  of  the  auricula  and  external  acoustic  meatus  are  also  divisible 
into  three  groups:  (a)  an  anterior,  from  the  lateral  surface  of  the  auricula  and 
anterior  wall  of  the  meatus  to  the  anterior  auricular  glands;  (6)  a  posterior,  from 
the  margin  of  the  auricula,  the  upper  part  of  its  cranial  surface,  the  internal  surface 
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and  posterior  wall  of  the  meatus  to  the  posterior  auricular  and  superior  deep  cervical 
glands;  (c)  an  inferior,  from  the  floor  of  the  meatus  and  from  the  lobule  of  the  auric¬ 
ula  to  the  superficial  and  superior  deep  cervical  glands. 

The  lymphatic  vessels  of  the  face  (Fig.  623)  are  more  numerous  than  those  of  the 
scalp.  Those  from  the  eyelids  and  conjunctiva  terminate  partly  in  the  submaxillary 
but  mainly  in  the  parotid  glands.  The  vessels  from  the  posterior  part  of  the  cheek 
also  pass  to  the  parotid  glands,  while  those  from  the  anterior  portion  of  the  cheek, 
the  side  of  the  nose,  the  upper  lip,  and  the  lateral  portions  of  the  lower  lip  end  in 
the  submaxillary  glands.  The  deeper  vessels  from  the  temporal  and  infratemporal 
fossa*  pass  to  the  deep  facial  and  superior  deep  cervical  glands.  The  deeper  vessels 
of  the  cheek  and  lips  end,  like  the  superficial,  in  the  submaxillary  glands.  Both 
superficial  and  deep  vessels  of  the  central  part  of  the  lower  lip  run  to  the  submental 
glands. 


Lymphatic  Vessels  of  the  Nasal  Cavities. — Those  from  the  anterior  parts  of  the 
nasal  cavities  communicate  with  the  vessels  of  the  integument  of  the  nose  and 
end  in  the  submaxillary  glands;  those  from  the  posterior  two-thirds  of  the  nasal 
cavities  and  from  the  accessory  air  sinuses  pass  partly  to  the  retropharyngeal 
and  partly  to  the  superior  deep  cervical  glands. 

Lymphatic  Vessels  of  the  Mouth. — The  vessels  of  the  gums  pass  to  the  submaxillary 
glands;  those  of  the  hard  palate  are  continuous  in  front  with  those  of  the  upper 
gum,  but  pass  backward  to  pierce  the  Constrictor  pharyngis  superior  and  end  in 
the  superior  deep  cervical  and  subparotid  glands;  those  of  the  soft  palate  pass 
backward  and  lateralward  and  end  partly  in  the  retropharyngeal  and  subparotid, 
and  partly  in  the  superior  deep  cervical  glands.  The  vessels  of  the  anterior  part 
of  the  floor  of  the  mouth  pass  either  directly  to  the  inferior  glands  of  the  superior 
deep  cervical  group,  or  indirectly  through  the  submental  glands;  from  the  rest 
of  the  floor  of  the  mouth  the  vessels  pass  to  the  submaxillary  and  superior  deep 
cervical  glands. 

The  lymphatic  vessels  of  the  palatine  tonsil,  usually  three  to  five  in  number, 
pierce  the  buccopharyngeal  fascia  and  constrictor  pharyngis  superior  and  pass 
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between  the  Stylohyoideus  and  internal  jugular  vein  to  the  uppermost  of  the 
superior  deep  cervical  glands.  They  end  in  a  gland  w  hich  lies  at  the  side  of  the 
posterior  belly  of  the  Digastricus,  on  the  internal  jugular  vein;  occasionally  one 
or  two  additional  vessels  run  to  small  glands  on  the  lateral  side  of  the  vein  under 
cover  of  the  Sternocleidomastoideus. 
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Fig  024 —Lymphatics  of  the  tongue.  (Poirier  and  Charpy.) 


The  lymphatic  vessels  of  the  tongue  (Fig.  624)  are  drained  chiefly  into  the  deep 
cervical  glands  lying  between  the  posterior  belly  of  the  Digastricus  and  thesuperior 
belly  of  the  Omohyoideus;  one  gland  situated  at  the  bifurcation  of  the  common 
carotid  artery  is  so  intimately  associated  with  these  vessels  that  it  is  known  as  the 
principal  gland  of  the  tongue.  The  lymphatic  vessels  of  the  tongue  may  be  divided 
into  four  groups:  (1)  apical,  from  the  tip  of  the  tongue  to  the  suprahyoid  glands 
and  principal  gland  of  the  tongue;  (2)  lateral,  from  the  margin  of  the  tongue- 
some  of  these  pierce  the  Mylohyoideus  to  end  in  the  submaxillarv  glands,  others 
pass  dovvh  on  the  Hyogfossus  to  the  superior  deep  cervical  glands;  (3)  basal,  from 
the  region  of  the  vallate  papilla?  to  the  superior  deep  cervical  glands;  and  (4) 
median,  a  few  of  which  perforate  the  Mylohyoideus  to  reach  the  submaxillarv 
glands,  while  the  majority  turn  around  the  posterior  border  of  the  muscle  to 
enter  thesuperior  deep  cervical  glands. 
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The  Lymph  Glands  of  the  Neck. 

The  lymph  glands  of  the  neck  include  the  following  groups: 

Submaxillary.  Superficial  Cervical. 

Submental.  Anterior  Cervical. 

Deep  Cervical. 

The  snbmaxillary  glands  ( lymphoglandvlce  submaxillares)  (Fig.  623),  three  to 
six  in  number,  are  placed  beneath  the  body  of  the  mandible  in  the  submaxillary 
triangle,  and  rest  on  the  superficial  surface  of  the  submaxillary  salivary  gland. 
One  gland,  the  middle  gland  of  Stahr,  which  lies  on  the  external  maxillary  artery 
as  it  turns  over  the  mandible,  is  the  most  constant  of  the  series;  small  lymph  glands 
are  sometimes  found  on  the  deep  surface  of  the  submaxillary  salivary  glands.  The 
afferents  of  the  submaxillary  glands  drain  the  medial  palpebral  commissure, 
the  cheek,  the  side  of  the  nose,  the  upper  lip,  the  lateral  part  of  the  lower  lip, 
the  gums,  and  the  anterior  part  of  the  margin  of  the  tongue;  efferent  vessels 
from  the  facial  and  submental  glands  also  enter  the  submaxillary  glands.  Their 
efferent  vessels  pass  to  the  superior  deep  cervical  glands. 


Fro.  625.— A  diagram  to  show  the  course  of  the  central  lymphatic  vessels  of  the  tongue  to  the  lymph  glands  on  both 
sides  of  the  neok.  (Jamieson  and  Dobson.1) 


The  submental  or  suprahyoid  glands  are  situated  between  the  anterior  bellies 
of  the  Digastrici.  Their  afferents  drain  the  central  portions  of  the  lower  lip  and 
floor  of  the  mouth  and  the  apex  of  the  tongue;  their  efferents  pass  partly  to  the 
submaxillary  glands  and  partly  to  a  gland  of  the  deep  cervical  group  situated  on 
the  internal  jugular  vein  at  the  level  of  the  cricoid  cartilage. 

The  superficial  cervical  glands  ( lymphoglandulae  cervicales  superficiales)  lie  in 
close  relationship  with  the  external  jugular  vein  as  it  emerges  from  the  parotid 
gland,  and,  therefore,  superficial  to  the  Sternocleidomastoideus.  Their  afferents 
drain  the  lower  parts  of  the  auricula  and  parotid  region,  while  their  efferents  pass 
around  the  anterior  margin  of  the  Sternocleidomastoideus  to  join  the  superior  deep 
cervical  glands. 

The  anterior  cervical  glands  form  an  irregular  and  inconstant  group  on  the  front 
°f  the  larynx  and  trachea.  They  may  be  divided  into  (a)  a  superficial  set,  placed 
°a  the  anterior  jugular  vein;  ( b )  a  deeper  set,  which  is  further  subdivided  into 


1  British  Jour,  of  Surg.,  1920,  vol.  8. 
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prelaryngeal,  on  the  middle  cricothyroid  ligament,  and  pretracheal,  on  the  front 
of  the  trachea.  This  deeper  set  drains  the  lower  part  of  the  larynx,  the  thyroid 
gland,  and  the  upper  part  of  the  trachea;  its  efferents  pass  to  the  lowest  of  the 
superior  deep  cervical  glands. 

The  deep  cervical  glands  (lymphoglanduke  cervicales  profunda)  (Figs.  621, 
624)  are  numerous  and  of  large  size:  they  form  a  chain  along  the  carotid  sheath, 
lying  by  the  side  of  the  pharynx,  esophagus,  and  trachea,  and  extending  from  the 
base  of  the  skull  to  the  root  of  the  neck.  They  are  usually  described  in  two  groups: 
(1)  the  superior  deep  cervical  glands  lying  under  the  Stemocleidomastoideus  in 
close  relation  with  the  accessory  nerve  and  the  internal  jugular  vein,  some  of  the 
glands  lying  in  front  of  and  others  behind  the  vessel;  (2)  the  inferior  deep  cervical 
glands  extending  beyond  the  posterior  margin  of  the  Stemocleidomastoideus 
into  the  supraclavicular  triangle,  where  they  are  closely  related  to  the  brachial 
plexus  and  subclavian  vein.  A  few  minute  paratracheal  glands  are  situated  along¬ 
side  the  recurrent  nerves  on  the  lateral  aspects  of  the  trachea  and  esophagus. 
The  superior  deep  cervical  glands  drain  the  occipital  portion  of  the  scalp,  the 
auricula,  the  back  of  the  neck,  a  considerable  part  of  the  tongue,  the  larynx,  thyroid 
gland,  trachea,  nasal  part  of  the  pharynx,  nasal  cavities,  palate,  and  esophagus. 
They  receive  also  the  efferent  vessels  from  all  the  other  glands  of  the  head  and 
neck,  except  those  from  the  inferior  deep  cervical  glands.  The  inferior  deep  cervical 
glands  drain  the  back  of  the  scalp  and  neck,  the  superficial  pectoral  region,  part 
of  the  arm  (see  page  705),  and,  occasionally,  part  of  the  superior  surface  of  the 
liver,  In  addition,  they  receive  vessels  from  the  superior  deep  cervical  glands. 
The  efferents  of  the  superior  deep  cervical  glands  pass  partly  to  the  inferior  deep 
cervical  glands  and  partly  to  a  trunk  which  unites  with  the  efferent  vessel  of  the 
inferior  deep  cervical  glands  and  forms  the  jugular  trunk.  On  the  right  side,  this 
trunk  ends  in  the  junction  of  the  internal  jugular  and  subclavian  veins;  on  the  left 
side  it  joins  the  thoracic  duct. 

The  lymphatic  vessels  of  the  skin  and  muscles  of  the  neck  pass  to  the  deep  cervical 
glands.  From  the  upper  part  of  the  pharynx  the  lymphatic  vessels  pass  to  the  retro¬ 
pharyngeal,  from  the  lower  part  to  the  deep  cervical  glands.  From  the  larynx 
two  sets  of  vessels  arise,  an  upper  and  a  lower.  The  vessels  of  the  upper  set  pierce 
the  hyothyroid  membrane  and  join  the  superior  deep  cervical  glands.  Of  the 
lower  set,  some  pierce  the  conus  elasticus  and  join  the  pretracheal  and  pre¬ 
laryngeal  glands;  others  run  between  the  cricoid  and  first  tracheal  ring  and  enter 
the  inferior  deep  cervical  glands.  The  lymphatic  vessels  of  the  thyroid  gland  con¬ 
sist  of  two  sets,  an  upper,  which  accompanies  the  superior  thyroid  artery  and  enters 
the  superior  deep  cervical  glands,  and  a  lower,  which  runs  partly  to  the  pretracheal 
glands  and  partly  to  the  small  paratracheal  glands  which  accompany  the  recurrent 
nerves.  These  latter  glands  receive  also  the  lymphatic  vessels  from  the  cervical 
portion  of  the  trachea. 

THE  LYMPHATICS  OF  THE  UPPER  EXTREMITY. 

The  Lymph  Glands  of  the  Upper  Extremity  (Fig.  626). 

The  lymph  glands  of  the  upper  extremity  are  divided  into  two  sets,  superficial 
and  deep. 

The  superficial  lymph  glands  are  few  and  of  small  size.  One  or  two  supra¬ 
trochlear  glands  are  placed  above  the  medial  epicondyle  of  the  humerus,  medial 
to  the  basilic  vein.  Their  afferents  drain  the  middle,  ring,  and  little  fingers,  the 
medial  portion  of  the  hand,  and  the  superficial  area  over  the  ulnar  side  of  the  fore¬ 
arm;  these  vessels  are,  however,  in  free  communication  with  the  other  lymphatic 
vessels  of  the  forearm.  Their  efferents  accompany  the  basilic  vein  and  join  the 
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deeper  vessels.  One  or  two  deltoideopectoral  glands  are  found  beside  the  cephalic 
vein,  between  the  Pectoralis  major  and  Deltoideus,  immediately  below  the  clavicle. 
They  are  situated  in  the  course  of  the  external  collecting  trunks  of  the  arm. 

The  deep  lymph  glands  are  chiefly  grouped  in  the  axilla,  although  a  few  may 
be  found  in  the  forearm,  in  the  course  of  the  radial,  ulnar,  and  interosseous  vessels, 
aod  in  the  arm  along  the  medial  side  of  the  brachial  artery. 


Thltoidfn. 
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Axillary  gland* 


Supratrochlear 
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-The  superficial  lymph  glands  and  lymphatic  vessels  of  the  upper  extremity 


The  Axillary  Glands  ( lym.phoglandula'  ax  ilia  res)  (Fig.  627)  are  of  large  size,  vary 
from  twenty  to  thirty  in  number,  and  may  be  arranged  in  the  following  groups: 

1.  A  lateral  group  of  from  four  to  six  glands  lies  in  relation  to  the  medial  and 
Posterior  aspects  of  the  axillary  vein ;  the  afferents  of  these  glands  drain  the  whole 

with  the  exception  of  that  portion  whose  vessels  accompany  the  cephalic 
vdo.  The  efferent  vessels  pass  partly  to  the  central  and  subclavieular  groups  of 
axillary  glands  and  partly  to  the  inferior  deep  cervical  glands, 

2.  An  anterior  or  pectoral  group  consists  of  four  or  five  glands  along  the  lower 
border  of  the  Pectoralis  minor,  in  relation  with  the  lateral  thoracic  artery.  Their 
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afferents  drain  the  skin  and  muscles  of  the  anterior  and  lateral  thoracic  walls, 
and  the  central  and  lateral  parts  of  the  mamma;  their  efferents  pass  partly  to  the 
central  and  partly  to  the  subclavicular  groups  of  axillary  glands. 

3.  A  posterior  or  subscapular  group  of  six  or  seven  glands  is  placed  along  the  lower 
margin  of  the  posterior  wall  of  the  axilla  in  the  course  of  the  subscapular  artery, 
The  afferents  of  this  group  drain  the  skin  and  muscles  of  the  lower  part  of  the  back 
of  the  neck  and  of  the  posterior  thoracic  wall;  their  efferents  pass  to  the  central 
group  of  axillary  glands. 

Lateral  group 
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4.  A  central  or  intermediate  group  of  three  or  four  large  glands  is  imbedded  in 
the  adipose  tissue  near  the  base  of  the  axilla.  Its  afferents  are  the  efferent  vessel* 
of  all  the  preceding  groups  of  axillary  glands;  its  efferents  pass  to  the  subclavicular 
group. 

5-  A  medial  or  subclavicular  group  of  six  to  twelve  glands  is  situated  partly 
posterior  to  the  upper  portion  of  the  Pectoralis  minor  and  partly  above  the  upper 
border  of  this  muscle.  Its  only  direct  territorial  afferents  are  those  which  accompany 
the  cephalic  vein  and  one  which  drains  the  upper  peripheral  part  of  the  mamma, 
but  it  receives  the  efferents  of  all  the  other  axillary  glands.  The  efferent  vessel* 
of  the  subclavicular  group  unite  to  form  the  subclavian  trunk,  which  opens  either 
directly  into  the  junction  uf  the  internal  jugular  and  subclavian  veins  or  into  tkf 
jugular  lymphatic  trunk  ;  on  the  left  side  it  may  end  in  the  thoracic  duct.  A  few 
efferents  from  the  subclavicular  glands  usually  pass  to  the  inferior  deep  cervical 
glands. 

The  Lymphatic  Vessels  of  the  Upper  Extremity. 

The  lymphatic  vessels  of  the  upper  extremity  are  divided  into  two  sets,  super* 
fictal  and  deep. 

The  superficial  lymphatic  vessels  commence  (Fig.  628)  in  the  lymphatic  plexus 
which  everywhere  pervades  the  skin;  the  meslies  of  the  plexus  are  much  finer  in the 
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palm  and  on  the  flexor  aspect  of  the  digits  than  elsewhere.  The  digital  plexuses 
ure  drained  by  a  pair  of  vessels  which  run  on  the  sides  of  each  digit,  and  incline 
backward  to  reach  the  dorsum  of  the  hand.  From  the  dense  plexus  of  the  palm, 
vessels  pass  in  different  directions,  viz.,  upward  toward  the  wrist,  downward  to 
join  the  digital  vessels,  mcdialward  to  join  the  vessels  on  the  ulnar  border  of  the 
hand,  and  lateral  ward  to  those  on  the  thumb.  Several  vessels  from  the  central 
part  of  the  plexus  unite  to  form  a  trunk,  which  passes  around  the  metacarpal  bone 
of  the  index  finger  to  join  the  vessels  on  the  back  of  that  digit  and  on  the  back  of 
the  thumb.  Running  upward  infront  of  and  behind  the  wrist,  the  lymphatic  vessels 
are  collected  into  radial,  median,  and  ulnar  groups,  which  accompany  respectively 
the  cephalic,  median,  and  basilic  veins  in  the  forearm.  A  few  of  the  ulnar  lymphatics 


•Lymphatic  veme> I#  of  the  dorsal  surface  of  the  hand 


(Stippey, 


end  in  the  supratrochlear  glands,  but  the  majority  pass  directly  to  the  lateral  group 
of  axillary  glands.  Some  of  the  radial  vessels  are  collected  into  a  trunk  which 
ascends  w  ith  the  cephalic  vein  to  the  deltoideopectoral  glands;  the  efferents  from 
this  group  pass  either  to  the  subclavicular  axillary  glands  of  to  the  inferior  cervical 
glands. 

The  deep  lymphatic  vessels  accompany  the  deep  bloodvessels.  In  the  fore¬ 
arm,  they  consist  of  four  sets,  corresponding  with  the  radial,  ulnar,  volar,  and 
dorsal  interosseous  arteries;  they  communicate  at  intervals  with  the  superficial 
lymphatics,  and  some  of  them  end  in  the  glands  which  are  occasionally  found  beside 
the  arteries.  In  their  course  upward,  a  few  end  in  the  glands  which  lie  upon  the 
brachial  artery;  but  most  of  them  pass  to  the  lateral  group  of  axillary  glands. 
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THE  LYMPHATICS  OF  THE  LOWER  EXTREMITY, 


The  Lymph  Glands  of  the  Lower  Extremity. 

The  lymph  glands  of  the  lower  extremity  consist  of  the  anterior  tibial  gland 
and  the  popliteal  and  inguinal  glands. 

The  anterior  tibial  gland  (lymphoglandula  tibialis  anterior)  is  small  and  incon¬ 
stant.  It  lies  on  the  interosseous  membrane  in  relation  to  the  upper  part  of  tbe 
anterior  tibial  vessels,  and  constitutes  a  substation  in  the  course  of  the  anterior 
tibial  lymphatic  trunks. 
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The  popliteal  glands  ( lymphoglandula?  poplitea ')  (Fig,  629),  small  in  size  and 
some  six  or  seven  in  number,  are  imbedded  in  the  fat  container!  in  the  popliteal 
fossa.  One  lies  immediately  beneath  the  popliteal  fascia,  near  the  terminal  part 
of  the  small  saphenous  vein,  and  drains  the  region  from  which  this  vein  derives 
its  tributaries.  Another  is  placed  between  the  popliteal  artery  and  the  posterior 
surface  of  the  knee-joint;  it  receives  the  lymphatic  vessels  from  the  knee-joint 
together  with  those  which  accompany  the  genicular  arteries.  The  others  lie  at 
the  sides  of  the  popliteal  vessels,  and  receive  as  efferents  the  trunks  which  accom¬ 
pany  the  anterior  and  posterior  tibial  vessels.  The  efferents  of  the  popliteal  glands 
pass  almost  entirely  alongside  the  femoral  vessels  to  the  deep  inguinal  glands,  hut 
a  few  may  accompany  the  great  saphenous  vein,  and  end  in  the  glands  of  the  super¬ 
ficial  subinguinal  group. 

The  inguinal  glands  ( lymphoglavdida ?  inguinal es)  (Fig.  630),  from  twelve  to 
twenty  in  number,  are  situated  at  the  upper  part  of  the  femoral  triangle.  They 
may  be  divided  into  two  groups  by  a  horizontal  line  at  the  level  of  the  termi¬ 
nation  of  the  great  saphenous  vein;  those  lying  above  this  line  are  termed  the 
superficial  inguinal  glands,  and  those  below  it  thesubinguinal  glands,  the  latter  group 
consisting  of  a  superficial  and  a  deep  set. 
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The  Superficial  Inguinal  Glands  form 
a  chain  immediately  below  the  inguinal 
ligament.  They  receive  as  afferents  lym¬ 
phatic  vessels  from  the  integument  of 
the  penis,  scrotum,  perineum,  buttock, 
and  abdominal  wall  below  the  level  of 
the  umbilicus. 

The  Superficial  Subinguinal  Glands 

(lymphoglandulce  cubing uinales  super- 
ficialcs)  are  placed  on  either  side  of  the 
upper  part  of  the  great  saphenous  vein; 
their  efferents  consist  chiefly  of  the 
superficial  lymphatic  vessels  of  the 
lower  extremity;  but  they  also  receive 
some  of  the  vessels  which  drain  the  in¬ 
tegument  of  the  penis,  scrotum,  peri¬ 
neum,  and  buttock. 

The  Deep  Subinguinal  Glands  ( lympho - 
glandule  subinguinales  profunda)  vary 
from  one  to  three  in  number,  and  are 
placed  under  the  fascia  lata,  on  the 
medial  side  of  the  femoral  vein.  When 
three  are  present,  the  lowest  is  situated 
just  below  the  junction  of  the  great 
saphenous  and  femoral  veins,  the  mid¬ 
dle  in  the  femoral  canal,  and  the  highest 
in  the  lateral  part  of  the  femoral  ring. 
The  middle  one  is  the  most  inconstant 
of  the  three,  but  the  highest,  the  gland 
of  Cloquet  or  Rosenmiiller,  is  also  fre¬ 
quently  absent.  They  receive  as  affer¬ 
ents  the  deep  lymphatic  trunks  which 
accompany  the  femoral  vessels,  the 
lymphatics  from  the  glans  penis  vel 
elitoridis,  and  also  some  of  the  efferents 
from  the  superficial  subinguinal  glands. 

The  Lymphatic  Vessels  of  the  Lower 
Extremity. 

The  lymphatic  vessels  of  the  lower 
extremity  consist  of  two  sets,  superficial 
and  deep,  and  in  their  distribution  corre¬ 
spond  closely  with  the  veins. 

The  superficial  lymphatic  vessels  lie 
in  the  superficial  fascia,  and  are  divis¬ 
ible  into  two  groups:  a  medial,  which 
follows  the  course  of  the  great  saphe¬ 
nous  vein,  and  a  lateral,  which  accom¬ 
panies  the  small  saphenous  vein.  The 
vessels  of  the  medial  group  (Fig.  630) 
are  larger  and  more  numerous  than 
those  of  the  lateral  group,  and  commence 
on  the  tibial  side  and  dorsum  of  the  foot; 
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they  ascend  both  in  front  of  and  behind  the  medial  malleolus,  run  up  the  leg  with 
the  great  saphenous  vein,  pass  with  it  behind  the  medial  condyle  of  the  femur, 
and  accompany  it  to  the  groin,  where  they  end  in  the  subinguinal  group  of  super¬ 
ficial  glands.  The  vessels  of  the  lateral  group  arise  from  the  fibular  side  of  the 
foot;  some  ascend  in  front  of  the  leg,  and,  just  below  the  knee,  cross  the  tibia  to 
join  the  lymphatics  on  the  medial  side  of  the  thigh;  others  pass  behind  the  lateral 
malleolus,  and,  accompanying  the  small  saphenous  vein,  enter  the  popliteal  glands. 

The  deep  lymphatic  vessels  are  few  in  number,  and  accompany  the  deep  blood¬ 
vessels.  In  the  leg,  they  consist  of  three  sets,  the  anterior  tibial,  posterior  tibial, 
and  peroneal,  which  accompany  the  corresponding  bloodvessels,  two  or  three  with 
each  artery;  they  enter  the  popliteal  lymph  glands. 

The  deep  lymphatic  vessels  of  the  gluteal  and  ischial  regions  follow  the  course 
of  the  corresponding  bloodvessels.  Those  accompanying  the  superior  gluteal 
vessels  end  in  a  gland  which  lies  on  the  intrapelvic  portion  of  the  superior  gluteal 
artery  near  the  upper  border  of  the  greater  sciatic  foramen.  Those  following 
the  inferior  gluteal  vessels  traverse  one  or  two  small  glands  which  lie  below  the 
Piriformis  muscle,  and  end  in  the  hypogastric  glands. 


THE  LYMPHATICS  OF  THE  ABDOMEN  AND  PELVIS. 

The  Lymph  Glands  of  the  Abdomen  and  Pelvis. 

The  lymph  glands  of  the  abdomen  and  pelvis  may  be  divided,  from  their  situa¬ 
tions,  into  (a)  parietal,  lying  behind  the  peritoneum  and  in  close  association  with 
the  larger  bloodvessels;  and  (6)  visceral,  which  are  found  in  relation  to  the  visceral 
arteries. 

The  parietal  glands  (Figs.  631,  632)  include  the  following  groups: 

External  Iliac.  Iliac  Circumflex.  (Lateral  Aortic. 

Common  Iliac.  Hypogastric.  Lumbar  i  Preaortic. 

Epigastric.  Sacral.  IRetroaortic. 

The  External  Jliac  Glands,  from  eight  to  ten  in  number,  lie  along  the  external 
iliac  vessels.  They  are  arranged  in  three  groups,  one  on  the  lateral,  another 
on  the  medial,  and  a  third  on  the  anterior  aspect  of  the  vessels;  the  third  group  is, 
however,  sometimes  absent.  Their  principal  afferents  are  derived  from  the  inguinal 
and  subinguinal  glands,  the  deep  lymphatics  of  the  abdominal  wall  below  the  umbili¬ 
cus  and  of  the  adductor  region  of  the  thigh,  and  the  lymphatics  from  the  glans 
penis  vel  clitoridis,  the  membranous  urethra,  the  prostate,  the  fundus  of  the  bladder, 
the  cervix  uteri,  and  upper  part  of  the  vagina. 

The  Common  Iliac  Glands,  four  to  six  in  number,  are  grouped  behind  and  on  the 
sides  of  the  common  iliac  artery,  one  or  two  being  placed  below  the  bifurcation 
of  the  aorta,  in  front  of  the  fifth  lumbar  vertebra.  They  drain  chiefly  the  hypo¬ 
gastric  and  external  iliac  glands,  and  their  efferents  pass  to  the  lateral  aortic  glands. 

The  Epigastric  Glands  (lymphoglandulee  epigastricce),  three  or  four  in  number, 
are  placed  alongside  the  lower  portion  of  the  inferior  epigastric  vessels. 

The  Iliac  Circumflex  Glands,  two  to  four  in  number,  are  situated  along  the  course 
of  the  deep  iliac  circumflex  vessels;  they  are  sometimes  absent. 

The  Hypogastric  Glands  (lymphoglandulee  hypogastricoe;  internal  iliac  gland) 
(Fig.  632)  surround  the  hypogastric  vessels,  and  receive  the  lymphatics  corre¬ 
sponding  to  the  distribution  of  the  branches  of  the  hypogastric  artery,  i.  e.,  they 
receive  lymphatics  from  all  the  pelvic  viscera,  from  the  deeper  parts  of  the  perineum, 
including  the  membranous  and  cavernous  portions  of  the  urethra,  and  from  the 
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buttock  and  back  of  the  thigh.  An  obturator  gland  is  sometimes  seen  in  the  upper 
part  of  the  obturator  foramen. 

The  Sacral  Glands  are  placed  in  the  concavity  of  the  sacrum,  in  relation  to  the 
middle  and  lateral  sacral  arteries;  they  receive  lymphatics  from  the  rectum  and 
posterior  wall  of  the  pelvis. 

The  efferents  of  the  hypogastric  group  end  in  the  common  iliac  glands. 

The  Lumbar  Glands  (ly  mp  hog  la  ndu  l(p  lumbales)  are  very  numerous,  and  consist 
of  right  and  left  lateral  aortic,  preaortic,  and  retroaortic  groups. 
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Fig.  631. — The  parietal  lymph  glands  of  the  pelvis.  (Cun6o  and  Marcille.) 

The  right  lateral  aortic  glands  are  situated  partly  in  front  of  the  inferior  vena 
cava,  near  the  termination  of  the  renal  vein,  and  partly  behind  it  on  the  origin  of  the 
Psoas  major,  and  on  the  right  crus  of  the  diaphragm.  The  left  lateral  aortic 
tf&nds  form  a  chain  on  the  left  side  of  the  abdominal  aorta  in  front  of  the  origin 
of  the  Psoas  major  and  left  crus  of  the  diaphragm.  The  glands  on  either  side 
receive  (a)  the  efferents  of  the  common  iliac  glands,  (b)  the  lymphatics  from  the 
testis  in  the  male  and  from  the  ovary,  uterine  tube,  and  body  of  the  uterus  in  the 
female;  (c)  the  lymphatics  from  the  kidney  and  suprarenal  gland;  and  (d)  the 


lymphatics  draining  the  lateral  abdominal  muscles  and  accompanying  the  lumbar 
wins.  Most  of  the  efferent  vessels  of  the  lateral  aortic  glands  converge  to  form 
Ae  right  and  left  lumbar  trunks  which  join  the  dsterna  chyli,  but  some  enter  the 


ANGIOLOGY 


pre-  and  retroaortic  glands,  and  others  pierce  the  crura  of  the  diaphragm  to  join 
the  lower  end  of  the  thoracic  duct.  The  pre&ortic  glands  lie  in  front  of  the  aorta, 
and  may  be  divided  into  celiac,  superior  mesenteric,  and  inferior  mesenteric  groups, 
arranged  around  the  origins  of  the  corresponding  arteries.  They  receive  a  few 
vessels  from  the  lateral  aortic  glands,  but  their  principal  afferents  are  derived  from 
the  viscera  supplied  by  the  three  arteries  with  which  they  are  associated.  Some 
of  their  efferents  pass  to  the  retroaortic  glands,  but  the  majority  unite  to  form 
the  intestinal  trunk,  which  enters  the  cisterna  ehyli.  The  retroaortic  glands  are  plat'd 
below  the  cisterna  ehyli,  on  the  bodies  of  the  third  and  fourth  lumbar  vertebra. 
They  receive  lymphatic  trunks  from  the  lateral  and  preaortie  glands,  while  tlieir 
efferents  end 
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Fia.  632. — Iliopelvie  gland*  (lateral  view).  (Cun6o  arid  Marcille.) 


The  Lymphatic  Vessels  of  the  Abdomen  and  Pelvis. 

The  lymphatic  vessels  of  the  walls  of  the  abdomen  and  pelvis  may  he  divided 
into  two  sets,  superficial  arid  deep. 

The  superficial  vessels  follow  the  course  of  the  superficial  bloodvessels  and 
converge  to  the  superficial  inguinal  glands;  those  derived  from  the  integument 
of  the  front  of  the  abdomen  below  the  umbilicus  follow  the  course  of  the  superficial 
epigastric  vessels,  and  those  from  the  sides  of  the  lumbar  part  of  the  abdominal 
wall  pass  along  the  crest  of  the  ilium,  with  the  superficial  iliac  circumflex  vessek 
The  superficial  lymphatic  vessels  of  the  gluteal  region  turn  horizontally  around  the 
buttock,  and  join  the  superficial  inguinal  and  subinguinal  glands. 

The  deep  vessels  run  alongside  the  principal  bloodvessels.  Those  of  the  parietes 
of  the  pelvis,  which  accompany  the  superior  and  inferior  gluteal,  and  obturator 
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vessels,  follow  the  course  of  the  hypogastric  artery,  and  ultimately  join  the  lateral 
aortic  glands. 

Lymphatic  Vessels  of  the  Perineum  and  External  Genitals. — The  lymphatic  vessels 
of  the  perineum,  of  the  integument  of  the  penis,  and  of  the  scrotum  (or  vulva), 
follow  the  course  of  the  external  pudendal  vessels,  and  end  in  the  superficial  ingui¬ 
nal  and  subinguinal  glands.  Those  of  the  glans  penis  vel  clitoridis  terminate 
partly  in  the  deep  subinguinal  glands  and  partly  in  the  external  iliac  glands. 

The  visceral  glands  are  associated  with  the  branches  of  the  celiac,  superior 
and  inferior  mesenteric  arteries.  Those  related  to  the  branches  of  the  celiac 
artery  form  three  sets,  gastric,  hepatic,  and  pancreaticolienal. 

The  Gastric  Glands  (Figs.  633,  634)  consist  of  two  sets,  superior  and  inferior. 

The  Superior  Gastric  Glands  ( lymphoglanduke  gastricce  superiores)  accompany 
the  left  gastric  artery  and  are  divisible  into  three  groups,  viz.:  (a)  upper,  on  the 
stem  of  the  artery;  (b)  lower,  accompanying  the  descending  branches  of  the  artery 
along  the  cardiac  half  of  the  lesser  curvature  of  the  stomach,  between  the  two  layers 
of  the  lesser  omentum;  and  (c)  paracardial  outlying  members  of  the  gastric  glands, 
disposed  in  a  manner  comparable  to  a  chain  of  beads  around  the  neck  of  the  stomach 
(Jamieson  and  Dobson1).  They  receive  their  afferents  from  the  stomach;  their 
efferents  pass  to  the  celiac  group  of  preaortic  glands. 

The  Inferior  Gastric  Glands  ( lymphoglanduke  gastricce  inferiores;  right  gastro- 
epiploic  gland),  four  to  seven  in  number,  lie  between  the  two  layers  of  the  greater 
omentum  along  the  pyloric  half  of  the  greater  curvature  of  the  stomach. 

The  Hepatic  Glands  ( lymphoglanduke  hepaticce)  (Fig.  633),  consist  of  the  follow¬ 
ing  groups:  (a)  hepatic,  on  the  stem  of  the  hepatic  artery,  and  extending  upward 
along  the  common  bile  duct,  between  the  two  layers  of  the  lesser  omentum,  as 
far  as  the  porta  hepatis;  the  cystic  gland,  a  member  of  this  group,  is  placed  near 
the  neck  of  the  gall-bladder;  ( b )  subpyloric,  four  or  five  in  number,  in  close  relation 
to  the  bifurcation  of  the  gastroduodenal  artery,  in  the  angle  between  the  superior 
and  descending  parts  of  the  duodenum;  an  outlying  member  of  this  group  is  some¬ 
times  found  above  the  duodenum  on  the  right  gastric  (pyloric)  artery.  The  glands 
of  the  hepatic  chain  receive  afferents  from  the  stomach,  duodenum,  liver,  gall¬ 
bladder,  and  pancreas;  their  efferents  join  the  celiac  group  of  preaortic  glands. 

The  Pancreaticolienal  Glands  ( lymphoglandulae  pancreaticolienales;  splenic 
glands)  (Fig.  634)  accompany  the  lienal  (splenic)  artery,  and  are  situated  in  rela¬ 
tion  to  the  posterior  surface  and  upper  border  of  the  pancreas;  one  or  two  members 
of  this  group  are  found  in  the  gastrolienal  ligament  (Jamieson  and  Dobson,  op.  cit.). 
Their  afferents  are  derived  from  the  stomach,  spleen,  and  pancreas,  their  efferents 
join  the  celiac  group  of  preaortic  glands. 

The  superior  mesenteric  glands  may  be  divided  into  three  principal  groups: 
mesenteric,  ileocolic,  and  mesocolic. 

The  Mesenteric  Glands  ( lymphoglanduke  mesentericoe)  lie  between  the  layers  of 
the  mesentery.  They  vary  from  one  hundred  to  one  hundred  and  fifty  in  number, 
and  may  be  grouped  into  three  sets,  viz. :  one  lying  close  to  the  wall  of  the  small 
intestine,  among  the  terminal  twigs  of  the  superior  mesenteric  artery;  a  second, 
in  relation  to  the  loops  and  primary  branches  of  the  vessels;  and  a  third  along 
the  trunk  of  the  artery. 

The  Ileocolic  glands  (Figs.  635,  636),  from  ten  to  twenty  in  number,  form  a  chain 
around  the  ileocolic  artery,  but  show  a  tendency  to  subdivision  into  two  groups, 
one  near  the  duodenum  and  another  on  the  lower  part  of  the  trunk  of  the  artery. 
Where  the  vessel  divides  into  its  terminal  branches  the  chain  is  broken  up  into  sev¬ 
eral  groups,  viz.:  (a)  ileal,  in  relation  to  the  ileal  branch  of  the  artery;  (6)  anterior 
ileocolic,  usually  of  three  glands,  in  the  ileocolic  fold,  near  the  wall  of  the  cecum; 


1  Lancet,  April  20  and  27.  1907. 
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(e)  posterior  ileocolic,  mostly  placed  in  the  angle  between  the  ileum  and  the  colon, 
but  partly  lying  behind  the  cecum  at  its  junction  with  the  ascending  colon;  ( d ) 
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Fia.  635. — The  lymphatics  of  cecum  and  vermiform  process  from  the  front.  (Jamieson  and  Dobson.) 


Vpjrr  group  of 
\}mxMic  gttjmds 


Loyxr  group  of 
ih'xohc  gfauds 


V-Vj 


Cecum 


Vermiform  process 

Fia.  636.—  The  lymphatics  of  cecum  and  vermiform  process  from  behind.  (Jamieson 


and  Dobson.) 


714 


ANGIOLOGY 


a  single  gland,  between  the  layers  of  the  mesenteriole  of  the  vermiform  process; 
(e)  right  colic,  along  the  medial  side  of  the  ascending  cxdon. 

TheMesocolic  Glands  ( lyrn pkoglandulw  m esocoliccr)  are  numerous,  and  lie  between 
the  layers  of  the  transverse  mesocolon,  in  close  relation  to  the  transverse  colon :  they 
are  best  developed  in  the  neighborhood  of  the  right  and  left  colic  flexures.  One  or 
two  small  glands  are  occasionally  seen  along  the  trunk  of  the  right  colic  artery  and 
others  are  found  in  relation  to  the  trunk  and  branches  of  the  middle  colic  artery. 

The  superior  mesenteric  glands  receive  afferent^  from  the  jejunum,  ileum,  cecum, 
vermiform  process,  and  the  ascending  and  transverse  parts  of  the  colon;  their 
efferents  pass  to  the  preaortic  glands. 


Inferior  ttv^nkric  cjUinds 


Fig.  H37. — Lymphatic*  of  colon.  (Jamieson  and  Dobson.) 


The  inferior  mesenteric  glands  (Fig.  637)  consist  of:  ( a )  small  glands  on  the 
branches  of  the  left  colic  and  sigmoid  arteries;  (b)  a  group  in  the  sigmoid  mesocolon, 
around  the  superior  hemorrhoidal  artery;  and  (c)  a  pararectal  group  in  contact  with 
the  muscular  coat  of  the  rectum.  They  drain  the  descending  iliac  and  sigmoid 
parts  of  the  colon  and  the  upper  part  of  the  rectum;  their  efferents  pass  to  the 
preaortic  glands. 


The  Lymphatic  Vessels  of  the  Abdominal  and  Pelvic  Viscera. 

The  lymphatic  vessels  of  the  abdominal  and  pelvic  viscera  consist  of  (I)  those 
of  the  subdiaphragmatic  portion  of  the  digestive  tube  and  its  associated  glands, 
the  liver  and  pancreas;  (2)  those  of  the  spleen  and  suprarenal  glands;  (3)  those  of 
the  urinary  organs;  (4)  those  of  the  reproductive  organs. 
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1.  The  lymphatic  vessels  of  the  subdiaphragmatic  portion  of  the  digestive 
tube  are  situated  partly  in  the  mucous  membrane  and  partly  in  the  seromuscular 
coats,  but  as  the  former  system  drains  into  tbe  latter,  the  two  may  be  considered 
as  one. 

The  Lymphatic  Vessels  of  the  Stomach  (Figs.  633,  634)  are  continuous  at  the 
cardiac  orifice  with  those  of  the  esophagus,  and  at  tbe  pylorus  with  those  of  the 
duodenum.  They  mainly  follow  the  bloodvessels,  and  may  be  arranged  in  four 
sets.  Those  of  the  first  set  accompany  the  branches  of  the  left  gastric  artery, 
receiving  tributaries  from  a  large  area  on  either  surface  of  the  stomach,  and  ter¬ 
minate  in  the  superior  gastric  glands.  Those  of  the  second  set  drain  the  fundus 
and  body  of  the  stomach  on  the  left  of  a  line  drawn  vertically  from  the  esophagus; 
they  accompany,  more  or  less  closely,  the  short  gastric  and  left  gastroepiploic 
arteries,  and  end  in  the  pancreaticolienal  glands.  The  vessels  of  the  third  set  drain 
the  right  portion  of  the  greater  curvature  as  far  as  the  pyloric  portion,  and  end  in 
the  inferior  gastric  glands,  the  efferents  of  which  pass  to  the  subpyloric  group. 
Those  of  the  fourth  set  drain  the  pyloric  portion  and  pass  to  the  hepatic  and 
subpyloric  glands,  and  to  the  superior  gastric  glands. 

The  Lymphatic  Vessels  of  the  Duodenum  consist  of  an  anterior  and  a  posterior 
set,  which  open  into  a  series  of  small  pancreaticoduodenal  glands  on  the  anterior 
and  posterior  aspects  of  the  groove  between  the  head  of  the  pancreas  and  the  duo¬ 
denum.  The  efferents  of  these  glands  run  in  two  directions,  upward  to  the  hepatic 
glands  and  downward  to  the  preaortic  glands  around  the  origin  of  the  superior 
mesenteric  artery. 

The  Lymphatic  Vessels  of  the  Jejunum  and  Ileum  are  termed  lacteals,  from  the 
milk-white  fluid  they  contain  during  intestinal  digestion.  They  run  between  the 
layers  of  the  mesentery  and  enter  the  mesenteric  glands,  the  efferents  of  which 
end  in  the  preaortic  glands. 

The  Lymphatic  Vessels  of  the  Vermiform  Process  and  Cecum  (Figs.  635,  636)  are 
numerous,  since  in  the  wall  of  this  process  there  is  a  large  amount  of  adenoid  tissue. 
From  the  body  and  tail  of  the  vermiform  process  eight  to  fifteen  vessels  ascend 
between  the  layers  of  the  mesenteriole,  one  or  two  being  interrupted  in  the  gland 
which  lies  between  the  layers  of  this  peritoneal  fold.  They  unite  to  form  three 
or  four  vessels,  which  end  partly  in  the  lower  and  partly  in  the  upper  glands  of  the 
ileocolic  chain.  The  vessels  from  the  root  of  the  vermiform  process  and  from  the 
cecum  consist  of  an  anterior  and  a  posterior  group.  The  anterior  vessels  pass  in 
front  of  the  cecum,  and  end  in  the  anterior  ileocolic  glands  and  in  the  upper  and 
lower  glands  of  the  ileocolic  chain;  the  posterior  vessels  ascend  over  the  back  of  the 
cecum  and  terminate  in  the  posterior  ileocolic  glands  and  in  the  lower  glands  of  the 
ileocolic  chain. 

Lymphatic  Vessels  of  the  Colon  (Fig.  637). — The  lymphatic  vessels  of  the  ascend¬ 
ing  and  transverse  parts  of  the  colon  finally  end  in  the  mesenteric  glands,  after 
traversing  the  right  colic  and  mesocolic  glands.  Those  of  the  descending  and  iliac 
sigmoid  parts  of  the  colon  are  interrupted  by  the  small  glands  on  the  branches 
of  the  left  colic  and  sigmoid  arteries,  and  ultimately  end  in  the  preaortic  glands 
around  the  origin  of  the  inferior  mesenteric  artery. 

Lymphatic  Vessels  of  the  Anus,  Anal  Canal,  and  Rectum. — The  lymphatics  from 
the  anus  pass  forwrard  and  end  with  those  of  the  integument  of  the  perineum  and 
scrotum  in  the  superficial  inguinal  glands;  those  from  the  anal  canal  accompany 
the  middle  and  inferior  hemorrhoidal  arteries,  and  end  in  the  hypogastric  glands; 
while  the  vessels  from  the  rectum  traverse  the  pararectal  glands  and  pass  to  those 
in  the  sigmoid  mesocolon;  the  efferents  of  the  latter  terminate  in  the  preaortic 
glands  around  the  origin  of  the  inferior  mesenteric  artery. 

The  Lymphatic  Vessels  of  the  Liver  are  divisible  into  two  sets,  superficial  and  deep. 
The  former  arise  in  the  subperitoneal  areolar  tissue  over  the  entire  surface  of  the 
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organ,  and  may  be  grouped  into  (a)  those  on  the  convex  surface,  (6)  those  on  the 
inferior  surface. 

(а)  On  the  convex  surface:  The  vessels  from  the  back  part  of  this  surface  reach 
their  terminal  glands  by  three  different  routes;  the  vessels  of  the  middle  set,  five 
or  six  in  number,  pass  through  the  vena-caval  foramen  in  the  diaphragm  and  end 
in  one  or  two  glands  which  are  situated  around  the  terminal  part  of  the  inferior 
vena  cava;  a  few  vessels  from  the  left  side  pass  backward  toward  the  esophageal 
hiatus,  and  terminate  in  the  paracardial  group  of  superior  gastric  glands;  the  vessels 
from  the  right  side,  one  or  two  in  number,  run  on  the  abdominal  surface  of  the 
diaphragm,  and,  after  crossing  its  right  crus,  end  in  the  preaortic  glands  which 
surround  the  origin  of  the  celiac  artery.  From  the  portions  of  the  right  and  left 
lobes  adjacent  to  the  falciform  ligament,  the  lymphatic  vessels  converge  to  form 
two  trunks,  one  of  which  accompanies  the  inferior  vena  cava  through  the  dia¬ 
phragm,  and  ends  in  the  glands  around  the  terminal  part  of  this  vessel ;  the  other 
runs  downward  and  forward,  and,  turning  around  the  anterior  sharp  margin  of  the 
liver,  accompanies  the  upper  part  of  the  ligamentum  teres,  and  ends  in  the  upper 
hepatic  glands.  From  the  anterior  surface  a  few  additional  vessels  turn  around  the 
anterior  sharp  margin  to  reach  the  upper  hepatic  glands. 

(б)  On  the  inferior  surface:  The  vessels  from  this  surface  mostly  converge 
to  the  porta  hepatis,  and  accompany  the  deep  lymphatics,  emerging  from  the 
porta  to  the  hepatic  glands;  one  or  two  from  the  posterior  parts  of  the  right  and* 
caudate  lobes  accompany  the  inferior  vena  cava  through  the  diaphragm,  and 
end  in  the  glands  around  the  terminal  part  of  this  vein. 

The  deep  lymphatics  converge  to  ascending  and  descending  trunks.  The  ascend¬ 
ing  trunks  accompany  the  hepatic  veins  and  pass  through  the  diaphragm  to  end 
in  the  glands  around  the  terminal  part  of  the  inferior  vena  cava.  The  descending 
trunks  emerge  from  the  porta  hepatis,  and  end  in  the  hepatic  glands. 

The  Lymphatic  Vessels  of  the  Gall-bladder  pass  to  the  hepatic  glands  in  the  porta 
hepatis;  those  of  the  common  bile  duct  to  the  hepatic  glands  alongside  the  duct 
and  to  the  upper  pancreaticoduodenal  glands. 

The  Lymphatic  Vessels  of  the  Pancreas  follow  the  course  of  its  bloodvessels. 
Most  of  them  enter  the  pancreaticolienal  glands,  but  some  end  in  the  pancreatico¬ 
duodenal  glands,  and  others  in  the  preaortic  glands  near  the  origin  of  the  superior 
mesenteric  artery. 

2.  The  lymphatic  vessels  of  the  spleen  and  suprarenal  glands. 

The  Lymphatic  Vessels  of  the  Spleen,  both  superficial  and  deep,  pass  to  the  pan¬ 
creaticolienal  glands. 

The  Lymphatic  Vessels  of  the  Suprarenal  Glands  usually  accompany  the  supra¬ 
renal  veins,  and  end  in  the  lateral  aortic  glands;  occasionally  some  of  them 
pierce  the  crura  of  the  diaphragm  and  end  in  the  glands  of  the  posterior  medias¬ 
tinum. 

3.  The  lymphatic  vessels  of  the  urinary  organs. 

The  Lymphatic  Vessels  of  the  Kidney  form  three  plexuses:  one  in  the  substance 
of  the  kidney,  a  second  beneath  its  fibrous  capsule,  and  a  third  in  the  perinephric 
fat;  the  second  and  third  communicate  freely  with  each  other.  The  vessels  from 
the  plexus  in  the  kidney  substance  converge  to  form  four  or  five  trunks  which 
issue  at  the  hilum.  Here  they  are  joined  by  vessels  from  the  plexus  under  the 
capsule,  and,  following  the  course  of  the  renal  vein,  end  in  the  lateral  aortic 
glands.  The  perinephric  plexus  is  drained  directly  into  the  upper  lateral  aortic 
glands. 

The  Lymphatic  Vessels  of  the  Ureter  run  in  different  directions.  Those  from 
its  upper  portion  end  partly  in  the  efferent  vessels  of  the  kidney  and  partly  in  the 
lateral  aortic  glands;  those  from  the  portion  immediately  above  the  brim  of  the 
lesser  pelvis  are  drained  into  the  common  iliac  glands;  while  the  vessels  from  the 


intrapelvic  portion  of  the  tube  either  join  the  efferents  from  the  bladder,  or  end 
in  the  hypogastric  glands. 

The  Lymphatic  Vessels  of  the  Bladder  (Fig.  638)  originate  in  two  plexuses,  an 
intra-  and  an  extramuscular,  it  being  generally  admitted  that  the  mucous  mem¬ 
brane  is  devoid  of  lymphatics.1  The  efferent  vessels  are  arranged  in  two  groups, 
one  from  the  anterior  and  another  from  the  posterior  surface  of  the  bladder.  The 
vessels  from  the  anterior  surface  pass  to  the  external  iliac  glands,  but  in  their  course 
minute  glands  are  situated.  These  minute  glands  are  arranged  in  two  groups, 
an  anterior  vesical,  in  front  of  the  bladder,  and  a  lateral  vesical,  m  relation  to  the 
lateral  umbilical  ligament.  The  vessels  from  the  posterior  surface  pass  to  the  hypo¬ 
gastric,  external,  and  common  iliac  glands;  those  draining  the  upper  part  of  this 
surface  traverse  the  lateral  vesical  glands. 
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Fra.  63$. — Lymphatics  of  the  bladder.  (Cun6o  and  MarciUe.) 


The  Lymphatic  Vessels  of  the  Prostate  (Fig.  639)  terminate  chiefly  in  the  hypo¬ 
gastric  and  sacral  glands,  but  one  trunk  from  the  posterior  surface  ends  in  the  exter¬ 
nal  iliac  glands,  and  another  from  the  anterior  surface  joins  the  vessels  which  drain 
the  membranous  part  of  the  urethra. 

Lymphatic  Vessels  of  the  Urethra. — The  lymphatics  of  the  cavernous  portion  of 
the  urethra  accompany  those  of  the  glam  penis,  and  terminate  with  them  in  the  deep 
suhinguinal  and  external  iliac  glands.  Those  of  the  membranous  and  prostatic 
portions,  and  those  of  the  whole  urethra  in  the  female,  pass  to  the  hypogastric  glands. 

(4)  The  lymphatic  vessels  of  the  reproductive  organs. 

The  Lymphatic  Vessels  of  the  Testes  consist  of  two  sets,  superficial  and  deep, 
the  former  commencing  on  the  surface  of  the  tunica  vaginalis,  the  latter  in  the 
epididymis  and  body  of  the  testis.  They  form  from  four  to  eight  collecting  trunks 
tfhich  ascend  with  the  spermatic  veins  in  the  spermatic  cord  and  along  the  front 


4 So me  autbofUie*  maintain  that  a  plexus  of  lymphatic  vessel*  doe*  exist  in  the  mucous  membrane  of  the  bladder 
to&aaait  Mfcdecinc  de»  Voies  urinaires,  pur  J.  Albarrao,  Paris,  1909). 


THE  LYMPHATIC  VESSELS  OF  ABDOMINAL  AND  PELVIC  VISCERA 


AXGIOLOGY 


of  the  Psoas  major  to  the  level  where  the  spermatic  vessels  cross  the  ureter  and  end 
in  the  lateral  and  preaortic  groups  of  lumbar  glands.1 

The  Lymphatic  Vessels  of  the  Ductus  Deferens  pass  to  the  external  iliac  glands; 
those  of  thevesicul®  seminales  partly  to  the  hypogastric  and  partly  to  the  external 
glands. 

The  Lymphatic  Vessels  of  the  Ovary  are  similar  to  those  of  the  testis,  and  ascend 
with  the  ovarian  artery  to  the  lateral  and  preaortic  glands. 
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Fig.'  639. — Lymphatics  of  the  prostate.  (Cun6o  and  Mamile.) 

The  Lymphatic  Vessels  of  the  Uterine  Tube  pass  partly  with  those  of  the  ovary 
and  partly  with  those  of  the  uterus. 

The  Lymphatic  Vessels  of  the  Uterus  (Fig.  (540)  consist  of  two  sets,  superficial 
and  deep,  the  former  being  placed  beneath  the  peritoneum,  the  latter  in  the  sub¬ 
stance  of  the  organ.  The  lymphatics  of  the  cervix  uteri  run  in  three  directions: 
transversely  to  the  external  iliac  glands,  postered aterally  to  the  hypogastric  glands, 
and  posteriorly  to  the  common  iliac  glands.  The  majority  of  the  vessels  of  the  body 
and  fundus  of  the  uterus  pass  lateral  ward  in  the  broad  ligaments,  and  are  continued 
up  with  the  ovarian  vessels  to  the  lateral  and  preaortic  glands;  a  few,  however, 


1  “  The  LympWtfoa  of  tho  Testicle, 


by  Jamieson  and  Dobson.  Lanc*t>  February  19,  1900 
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run  to  the  external  iliac  glands,  and  one  or  two  to  the  superficial  inguinal  glands. 
In  the  unimpregnated  uterus  the  lymphatic  vessels  are  very  small,  but  during 
gestation  they  are  greatly  enlarged. 
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Fio.  640. — Lymphatics  of  the  uterus.  (Cun6oarjd  Mar<ri!le.) 

The  Lymphatic  Vessels  of  the  Vagina  are  carried  in  three  directions:  those  of 
the  upper  part  of  the  vagina  to  the  external  iliac  glands,  those  of  the  middle  part 
to  the  hypogastric  glands,  and  those  of  the  lower  part  to  the  common  iliac  glands. 
On  the  course  of  the  vessels  from  the  middle  and  lower  parts  small  glands  are 
situated.  Some  lymphatic  vessels  from  the  lower  part  of  the  vagina  join  those 
of  the  vulva  and  pass  to  the  superficial  inguinal  glands.  The  lymphatics  of  the 
vagina  anastomose  with  those  of  the  cervix  uteri,  vulva,  and  rectum,  but  not  with 
those  of  the  bladder. 


THE  LYMPHATICS  OF  THE  THORAX. 

The  lymph  glands  of  the  thorax  may  be  divided  into  parietal  and  visceral — the 
former  being  situated  in  the  thoracic  wall,  the  latter  in  relation  to  the  viscera. 

The  parietal  lymph  glands  include  the  sternal,  intercostal,  and  diaphragmatic 
glands. 

L  The  Sternal  Glands  ( lyviphoghimlidw  sternulen;  internal  mammary  tjlands)  are 
placed  at  the  anterior  ends  of  the  intercostal  spaces,  by  the  side  of  the  internal 
mammary  artery.  They  derive  afferents  from  the  mamma,  from  the  deeper  struc¬ 
tures  of  the  anterior  abdominal  wall  above  the  level  of  the  umbilicus,  from  the 
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upper  surface  of  the  liver  through  a  small  group  of  glands  which  lie  behind  the 
xiphoid  process,  and  from  the  deeper  parts  of  the  anterior  portion  of  the  thoracic 
wall.  Their  efferents  usually  unite  to  form  a  single  trunk  on  either  side;  this  may 
open  directly  into  the  junction  of  the  internal  jugular  and  subclavian  veins,  or 
that  of  the  right  side  may  join  the  right  subclavian  trunk,  and  that  of  the  left 
the  thoracic  duct. 

2.  The  Intercostal  Glands  (lymphoglandulos  intercosiales)  occupy  the  posterior 
parts  of  the  intercostal  spaces,  in  relation  to  the  intercostal  vessels.  They  receive 
the  deep  lymphatics  from  the  postero* lateral  aspect  of  the  chest;  some  of  these 
vessels  are  interrupted  by  small  lateral  intercostal  glands.  The  efferents  of  the 
glands  in  the  lower  four  or  five  spaces  unite  to  form  a  trunk,  which  descends  and 
opens  either  into  the  cistema  chyli  or  into  the  commencement  of  the  thoracic  duct 
The  efferents  of  the  glands  in  the  upper  spaces  of  the  left  side  end  in  the  thoracic 
.duct;  those  of  the  corresponding  right  spaces,  in  the  right  lymphatic  duct. 

3.  The  Diaphragmatic  Glands  lie  on  the  thoracic  aspect  of  the  diaphragm, 
And  consist  of  three  sets,  anterior,  middle,  and  posterior. 

The  anterior  set  comprises  (a)  two  or  three  small  glands  behind  the  base  of  the 
xiphoid  process,  which  receive  afferents  from  the  convex  surface  of  the  liver,  and 
(6)  one  or  two  glands  on  either  side  near  the  junction  of  the  seventh  rib  with  its 
cartilage,  which  receive  lymphatic  vessels  from  the  front  part  of  the  diaphragm. 
The  efferent  vessels  of  the  anterior  set  pass  to  the  sternal  glands. 

The  middle  set  consists  of  two  or  three  glands  on  either  side  close  to  where  the 
phrenic  nerves  enter  the  diaphragm.  On  the  right  side  some  of  the  glands  of  this 
group  lie  within  the  fibrous  sac  of  the  pericardium,  on  the  front  of  the  termination 
of  the  inferior  vena  cava.  The  afferents  of  this  set  are  derived  from  the  middle 
part  of  the  diaphragm,  those  on  the  right  side  also  receiving  afferents  from  the 
convex  surface  of  the  liver.  Their  efferents  pass  to  the  posterior  mediastinal  glands 

The  posterior  set  consists  of  a  few  glands  situated  on  the  back  of  the  crura  of 
the  diaphragm,  and  connected  on  the  one  hand  with  the  lumbar  glands  and  on 
the  other  with  the  posterior  mediastinal  glands. 

The  superficial  lymphatic  vessels  of  the  thoracic  wall  ramify  beneath  the  skin 
and  converge  to  the  axillary  glands.  Those  over  the  Trapezius  and  Latissimus 
dorsi  run  forward  and  unite  to  form  about  ten  or  twelve  trunks  which  end  in  the 
subscapular  group.  Those  over  the  pectoral  region,  including  the  vessels  from  the 
skin  covering  the  peripheral  part  of  the  mamma,  run  backward,  and  those  over 
the  Serratus  anterior  upward,  to  the  pectoral  group.  Others  near  the  lateral  margin 
of  the  sternum  pass  inward  between  the  rib  cartilages  and  end  in  the  sternal  glands, 
while  the  vessels  of  opposite  sides  anastomose  across  the  front  of  the  sternum.  A 
few  vessels  from  the  upper  part  of  the  pectoral  region  ascend  over  the  clavicle  to 
the  supraclavicular  group  of  cervical  glands. 

The  Lymphatic  Vessels  of  the  Mamma  originate  in  a  plexus  in  the  interlobular 
spaces  and  on  the  walls  of  the  galactophorous  ducts.  Those  from  the  central  part 
of  the  gland  pass  to  an  intricate  plexus  situated  beneath  the  areola,  a  plexus  which 
receives  also  the  lymphatics  from  the  skin  over  the  central  part  of  the  gland  and 
those  from  the  areola  and  nipple.  Its  efferents  are  collected  into  two  trunks  which 
pass  to  the  pectoral  group  of  axillary  glands.  The  vessels  which  drain  the  medial 
part  of  the  mamma  pierce  the  thoracic  wall  and  end  in  the  sternal  glands,  while 
a  vessel  has  occasionally  been  seen  to  emerge  from  the  upper  part  of  the  mamma 
and,  piercing  the  Pectoralis  major,  terminate  in  the  subclavicular  glands  (Fig.  627). 

The  deep  lymphatic  vessels  of  the  thoracic  wall  (Fig.  641)  consist  of: 

1.  The  lymphatics  of  the  muscles  which  lie  on  the  ribs:  most  of  these  end  in 
the  axillary  glands,  but  some  from  the  Pectoralis  major  pass  to  the  sternal  glands. 
2.  The  intercostal  vessels  which  drain  the  Intercostales  and  parietal  pleura.  Those 
draining  the  Intercostales  extemi  run  backward  and,  after  receiving  the  vessels 
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which  accompany  the  posterior  branches  of  the  intercostal  arteries,  end  in  the 
intercostal  glands.  Those  of  the  Intercostales  interni  and  parietal  pleura  consist 
of  a  single  trunk  in  each  space.  These  trunks  run  forward  in  the  subpleura  1  tissue 
and  the  upper  six  open  separately  into  the  sternal  glands  or  into  the  vessels  which 
unite  them;  those  of  the  lower  spaces  unite  to  form  a  single  trunk  which  terminates 
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Fio  641, — Deep  lymph  not©*  ©ml  vosiH.i  of  the  thorax  and  abdomen  (dia«faramAti<!>.  Afferent  vroseU  are 
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io  the  lowest  of  the  sternal  glands.  3.  The  lymphatic  vessels  of  the  diaphragm* 
which  form  two  plexuses,  one  on  its  thoracic  and  another  on  its  abdominal  surface. 
These  plexuses  anastomose  freely  with  each  other,  and  are  best  marked  on  the 
parts  covered  respectively  by  the  pleura?  and  peritoneum.  That  on  the  thoracic 
surface  communicates  with  the  lymphatics  of  the  costal  and  mediastinal  parts  of 
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the  pleura,  and  its  efferents  consist  of  three  groups :  (a)  anterior,  passing  to  the  gland 
which  lie  near  the  junction  of  the  seventh  rib  with  its  cartilage;  (6)  middle,  to  the 
glands  on  the  esophagus  and  to  those  around  the  termination  of  the  inferior  vena 
cava;  and  (c)  posterior,  to  the  glands  which  surround  the  aorta  at  the  point  where 
this  vessel  leaves  the  thoracic  cavity. 

The  plexus  on  the  abdominal  surface  is  composed  of  fine  vessels,  and  anasto¬ 
moses  with  the  lymphatics  of  the  liver  and,  at  the  periphery  of  the  diaphragm, 
with  those  of  the  subperitoneal  tissue.  The  efferents  from  the  right  half  of  this 
plexus  terminate  partly  in  a  group  of  glands  on  the  trunk  of  the  corresponding 
inferior  phrenic  artery,  while  others  end  in  the  right  lateral  aortic  glands.  Those 
from  the  left  half  of  the  plexus  pass  to  the  pre-  and  lateral  aortic  glands  and  to  the 
glands  on  the  terminal  pqrtion  of  the  esophagus. 

The  visceral  lymph  glands  consist  of  three  groups,  viz.:  anterior  mediastinal, 
posterior  mediastinal,  and  tracheobronchial. 

The  Anterior  Mediastinal  Glands  ( lymphoglanduke  mediasiinales  anieriores)  are 
placed  in  the  anterior  part  of  the  superior  mediastinal  cavity,  in  front  of  the  aortic 
arch  and  in  relation  to  the  innominate  veins  and  the  large  arterial  trunks  which 
arise  from  the  aortic  arch.  They  receive  afferents  from  the  thymus  and  pericar¬ 
dium,  and  from  the  sternal  glands;  their  efferents  unite  with  those  of  the  tracheo¬ 
bronchial  glands,  to  form  the  right  and  left  bronchomediastinal  trunks. 

The  Posterior  Mediastinal  Glands  ( lymphoglandulcs  mediartinales  posteriom) 
lie  behind  the  pericardium  in  relation  to  the  esophagus  and  descending  thoracic 
aorta.  Their  afferents  are  derived  from  the  esophagus,  the  posterior  part  of  the 
pericardium,  the  diaphragm,  and  the  convex  surface  of  the  liver.  Their  efferents 
mostly  end  in  the  thoracic  duct,  but  some  join  the  tracheobronchial  glands. 

The  Tracheobronchial  Glands  (Fig.  642)  form  four  main  groups:  (a)  tracheal, 
on  either  side  of  the  trachea;  (6)  bronchial,  in  the  angles  between  the  lower  part 
of  the  trachea  and  bronchi  and  in  the  angle  between  the  two  bronchi ;  (c)  broncho¬ 
pulmonary,  in  the  hilus  of  each  lung;  and  ( d )  pulmonary,  in  the  lung  substance,  on 
the  larger  branches  of  the  bronchi.  The  afferents  of  the  tracheobronchial  glands 
drain  the  lungs  and  bronchi,  the  thoracic  part  of  the  trachea  and  the  heart;  some 
of  the  efferents  of  the  posterior  mediastinal  glands  also  end  in  this  group.  Their 
efferent  vessels  ascend  upon  the  trachea  and  unite  with  efferents  of  the  internal 
mammary  and  anterior  mediastinal  glands  to  form  the  right  and  left  broncho¬ 
mediastinal  trunks.  The  right  bronchomediastinal  trunk  may  join  the  right 
lymphatic  duct,  and  the  left  the  thoracic  duct,  but  more  frequently  they  open 
independently  of  these  ducts  into  the  junction  of  the  internal  jugular  and 
subclavian  veins  of  their  own  side. 

In  all  town  dwellers  there  are  continually  being  swept  into  these  glands  from  the  bronchi 
and  alveoli  large  quantities  of  the  dust  and  black  carbonaceous  pigment  that  are  so  freely 
inhaled  in  cities.  At  first  the  glands  are  moderately  enlarged,  firm,  inky  black,  and  gritty  on 
section;  later  they  enlarge  still  further,  often  becoming  fibrous  from  the  irritation  set  up  by 
the  minute  foreign  bodies  with  which  they  are  crammed,  and  may  break  down  into  a  soft  slimy 
mass  or  may  calcify. 

The  lymphatic  vessels  of  the  thoracic  viscera  comprise  those  of  the  heart  and 
pericardium,  lungs  and  pleura,  thymus,  and  esophagus. 

The  Lymphatic  Vessels  of  the  Heart  consist  of  two  plexuses:  (a)  deep,  immediately 
under  the  endocardium;  and  (6)  superficial,  subjacent  to  the  visceral  pericardium. 
The  deep  plexus  opens  into  the  superficial,  the  efferents  of  which  form  right  and 
left  collecting  trunks.  The  left  trunks,  two  or  three  in  number,  ascend  in  the  anterior 
longitudinal  sulcus,  receiving,  in  their  course,  vessels  from  both  ventricles.  On 
reaching  the  coronary  sulcus  they  are  joined  by  a  large  trunk  from  the  diaphragmatic 
surface  of  the  heart,  and  then  unite  to  form  a  single  vessel  which  ascends  between 
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the  pulmonary  artery  and  the  left  atrium  and  ends  in  one  of  the  tracheobronchial 
glands.  The  right  trunk  receives  its  afferents  from  the  right  atrium  and  from  the 
right  border  and  diaphragmatic  surface  of  the  right  ventricle.  It  ascends  in  the 
posterior  longitudinal  sulcus  and  then  runs  forward  in  the  coronary  sulcus,  and 
passes  up  behind  the  pulmonary  artery,  to  end  in  one  of  the  tracheobronchial 
glands. 
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Fxg.  642. — The  tracheobrouchial  lymph  glarnfo.  (From  a  figure  designed  by  M.  Hall6.) 


The  Lymphatic  Vessels  of  the  Lungs  originate  in  two  plexuses,  a  superficial  and  a 
deep.  The  superficial  plexus  is  placed  beneath  the  pulmonary  pleura.  The  deep 
accompanies  the  branches  of  the  pulmonary  vessels  and  the  ramifications  of  the 
bronchi.  In  the  case  of  the  larger  bronchi  the  deep  plexus  consists  of  two  net-works 
—one,  submucous,  beneath  the  mucous  membrane,  and  another,  peribronchial, 
outside  the  walls  of  the  bronchi.  In  the  smaller  bronchi  there  is  but  a  single  plexus, 
which  extends  as  far  as  the  bronchioles,  but  fails  to  reach  the  alveoli,  in  the  walls 
of  which  there  are  no  traces  of  lymphatic  vessels.  The  superficial  efferents  turn 
around  the  borders  of  the  lungs  and  the  margins  of  their  fissures,  and  converge  to 
end  in  some  glands  situated  at  the  hilus;  the  deep  efferents  are  conducted  to  the 
hilus  along  the  pulmonary  vessels  and  bronchi,  and  end  in  the  tracheobronchial 
glands.  Little  or  no  anastomosis  occurs  between  the  superficial  and  deep  lym¬ 
phatics  of  the  lungs,  except  in  the  region  of  the  hilus. 

The  Lymphatic  Vessels  of  the  Pleura  consist  of  two  sets— one  in  the  visceral 
and  another  in  the  parietal  part  of  the  membrane.  Those  of  the  visceral  pleura 
drain  into  the  superficial  efferents  of  the  lung,  while  the  lymphatics  of  the  parietal 
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pleura  have  three  modes  of  ending,  viz. :  (a)  those  of  the  costal  portion  join  the 
lymphatics  of  the  Intercostales  interni  and  so  reach  the  sternal  glands;  (6)  those 
of  the  diaphragmatic  part  are  drained  by  the  efferents  of  the  diaphragm;  while 
(c)  those  of  the  mediastinal  portion  terminate  in  the  posterior  mediastinal  glands. 

The  Lymphatic  Vessels  of  the  Thymus  end  in  the  anterior  mediastinal,  tracheo¬ 
bronchial,  and  sternal  glands. 

The  Lymphatic  Vessels  of  the  Esophagus  form  a  plexus  around  that  tube,  and  the 
collecting  vessels  from  the  plexus  drain  into  the  posterior  mediastinal  glands. 
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THE  Nervous  System  is  the  most  complicated  and  highly  organized  of  the  various 
systems  which  make  up  the  human  body.  It  is  the  mechanism  concerned 
with  the  correlation  and  integration  of  various  bodily  processes  and  the  reactions 
and  adjustments  of  the  organism  to  its  environment.  In  addition  the  cerebral 
cortex  is  concerned  with  conscious  life.  It  may  be  divided  into  two  parts,  central 
and  peripheral. 

The  central  nervous  system  consists  of  the  encephalon  or  brain,  contained  within 
the  cranium,  and  the  medulla  spinalis  or  spinal  cord,  lodged  in  the  vertebral  canal; 
the  two  portions  are  continuous  with  one  another  at  the  level  of  the  upper  border 
of  the  atlas  vertebra. 

The  peripheral  nervous  system  consists  of  a  series  of  nerves  by  which  the  central 
nervous  system  is  connected  with  the  various  tissues  of  the  body.  For  descriptive 
purposes  these  nerves  may  be  arranged  in  two  groups,  cerebrospinal  and  sympathetic, 
the  arrangement,  however,  being  an  arbitrary  one,  since  the  two  groups  are  inti¬ 
mately  connected  and  closely  intermingled.  Both  the  cerebrospinal  and  sym¬ 
pathetic  nerves  have  nuclei  of  origin  (the  somatic  efferent  and  sympathetic  efferent) 
as  well  as  nuclei  of  termination  (somatic  afferent  and  sympathetic  afferent)  in  the 
central  nervous  system.  The  cerebrospinal  nerves  are  forty-three  in  number  on 
either  side — twelve  cranial,  attached  to  the  brain,  and  thirty-one  spinal,  to  the 
medulla  spinalis.  They  are  associated  with  the  functions  of  the  special  and  gen¬ 
eral  senses  and  with  the  voluntary  movements  of  the  body.  The  sympathetic 
nerves  transmit  the  impulses  which  regulate  the  movements  of  the  viscera, 
determine  the  caliber  of  the  bloodvessels,  and  control  the  phenomena  of  secre¬ 
tion.  In  relation  writh  them  are  two  rows  of  central  ganglia,  situated  one  on 
either  side  of  the  middle  line  in  front  of  the  vertebral  column;  these  ganglia  are 
intimately  connected  with  the  medulla  spinalis  and  the  spinal  nerves,  and  are  also 
joined  to  each  other  by  vertical  strands  of  nerve  fibers  so  as  to  constitute  a  pair 
of  knotted  cords,  the  sympathetic  trunks,  which  reach  from  the  base  of  the  skull 
to  the  coccyx.  The  sympathetic  nerves  issuing  from  the  ganglia  form  three  great 
prevertebral  plexuses  which  supply  the  thoracic,  abdominal,  and  pelvic  viscera; 
in  relation  to  the  walls  of  these  viscera  intricate  nerve  plexuses  and  numerous 
peripheral  ganglia  are  found. 


DEVELOPMENT  OP  THE  NERVOUS  SYSTEM. 

The  entire  nervous  system  is  of  ectodermal  origin,  and  its  first  rudiment  is  seen 
in  the  neural  groove  which  extends  along  the  dorsal  aspect  of  the  embryo  (Fig. 
16).  By  the  elevation  and  ultimate  fusion  of  the  neural  folds,  the  groove  is  con¬ 
verted  into  the  neural  tube  (Fig.  18).  The  anterior  end  of  the  neural  tube  becomes 
expanded  to  form  the  three  primary  brain- vesicles;  the  cavity  of  the  tube  is  sub¬ 
sequently  modified  to  form  the  ventricular  cavities  of  the  brain,  and  the  central 
canal  of  the  medulla  spinalis;  from  the  wall  the  nervous  elements  and  the  neuroglia 
of  the  brain  and  medulla  spinalis  are  developed. 
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The  Medulla  Spinalis.— At  first  the  wall  fit  the  neural  Mbc  i A  composed  of  a 
single  layer  of  columnar  ectodermal  cells,  $utm  tin-  side-walls  become  thickened, 
while  the  dorsal  and  ventral  parts  remain  thin,  and  are  named  the  roof-  arid  floor- 
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and  an  external  or  marginal.  The  epettdysal  layer  is  Ultimately  converted' into  the 
ependyma  of  the  central  canal;  the  processes  of  its  cells  pass  outward  toward 
the  periphery  of  the  medulla  spinalis.  The  marginal  layer  is  devoid  of  nuclei,  and 
later  forms  the  supporting  fraraeworh  for  the  white  funiculi  of  the  rnednljn  spinalis. 
Hie  mantle  layer  represents  the  whole  of  the  future  gray  columns  of  the  medulla 
spinalis;  in  it  the  cells  are  differentiated  into  two  seta,  viz.,  (a)  spongioblasts  Or 
iwntg  neurORha  ends.  and  (h)  germinal  cells,  which  arc  the  parents  of  the  neurciblasta 
«r  young  nerve  cells  (Fig.  644).  The  spongioblasts  art;  at  first  connected  to  one 
another  bv  filaments  of  the  syTicyttutn;  in  thfese,  fibrils  are  developed,  so  that  as  the 
ueimyglial  cells  .become  defined  they  exhibit  their  elmriurterisfcic  mature  appearance 
with  multiple  processes  proceeding  from  each  ceil.  The  germinal  cells*  are  large, 
round  or  oval,  and  first  make  their  appei? ranee  between  the  ependymal  ceils  on 
the  sides  of  the  central  canal.  They  Incrcasi;  rapidly  in  number,  so  that  by  the 
fourth  week  they  fortn  an  almost  doRtmumis  layer  on  each  side,  of  the  tube.  So 
grrtmnal  cells  arc  found  in  flic  rmf-  or  floor- plates;  the  roof-plate  retains,  ip  certain 
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regions of  thehraiov  its  epithelial  character;  elsewhere,  its  evils  become  spongio- 
blasts,  Jly  'subdivision  the.  germinal  cells  give  rise  to  the ■  wnirobhnsts  or  young, 
nerve  cells,  w  higiv  migrate  outward  from  the  skies  of  the  central  canal  into  the 
mantle  layer  and  neural  crest,  anil  at  the.  same  titoeTjgcojaje  pw-shapt’d;  the 
tape-ring  part  of  the  cell  undergoes  still  further  iiongathm-,  anil  forms the  axis- 
cylinder  of  the  edi 

The  lateral  walls  of  the  medulla  spinalis  continue  to  increase  In  thickness,  and 
the  canal  widens  out  near  its  dorsal  extremity,  and  assumes  a  somewhat  loaenge- 
shnped  •appearance.  The  Widest  part  of  the  canal  serves  to  subdivide  the  lateral 
wall  -.sf  the  neural  tulie  into  a  dorsal  or  alar,  and  a  ventral  or  basal  lamina  (Figs.  '646, 
OW),  a  sutxlH’isuui  which  extends  f  orward  into  the  brain,  At  a  ktcr  stage  the  ventraj 
part  of  the  canid  widens  out,  while  the  dorsal  part  is  first  reduced  to  a  mere  slit 
ami  then  becomes  ohKtemtcil  by  the  approximation  arid  fusion  of  its  walla;  the 
ventral  part  of  the  canal  persists  and  forms  the  central  canal  of  the  adult  medulla 
spinalis.  The  caudal  end  of  the  canal  exhibits  & conical  expansion  which  is  known 
as  the  tanmnal  ventricle. 


728 


NEUROLOGY 


The  ventral  part  of  the  mantle  layer  becomes  thickened,  and  on  cross-section 
appears  as  a  triangular  patch  between  the  marginal  and  ependymal  layers.  This 
thickening  is  the  rudiment  of  the  anterior  column  of  gray  substance,  and  contains 
many  neuroblasts,  the  axis-cylinders  of  which  pass  out  through  the  marginal  layer 
and  form  the  anterior  roots  of  the  spinal  nerves  (Figs.  643,645, 646).  The  thickening 
of  the  mantle  layer  gradually  extends  in  a  dorsal  direction,  and  forms  the  posterior 
column  of  gray  substance.  The  axons  of  many  of  the  neuroblasts  in  the  alar  lamina 
run  forward,  and  cross  in  the  floor-plate  to  the  opposite  side  of  the  medulla  spinalis; 
these  form  the  rudiment  of  the  anterior  white  commissure. 

About  the  end  of  the  fourth  week  nerve  fibers  begin  to  appear  in  the  marginal 
layer.  The  first  to  develop  are  the  short  intersegmental  fibers  from  the  neuro- 
blasts  in  the  mantle  zone,  and  the  fibers  of  the  dorsal  nerve  roots  which  grow  into 
the  medulla  spinalis  from  the  cells  of  the  spinal  ganglia.  By  the  sixth  week  these 
dorsal  root  fibers  form  a  well-defined  oval  bundle  in  the  peripheral  part  of  the  alar 
lamina;  this  bundle  gradually  increases  in  size,  and  spreading  toward  the  middle 
line  forms  the  rudiment  of  the  posterior  funiculus.  The  long  intersegmental  fibers 
begin  to  appear  about  the  third  month  and  the  cerebrospinal  fibers  about  the  fifth 
month.  All  nerve  fibers  are  at  first  destitute  of  medullary  sheaths.  Different 
groups  of  fibers  receive  their  sheaths  at  different  times — the  dorsal  and  ventral 
nerve  roots  about  the  fifth  month,  the  cerebrospinal  fibers  after  the  ninth  month. 

By  the  growth  of  the  anterior  columns  of  gray  substance,  and  by  the  increase 
in  size  of  the  anterior  funiculi,  a  furrow  is  formed  between  the  lateral  halves  of  the 
cord  anteriorly;  this  gradually  deepens  to  form  the  anterior  median  fissure.  The 
mode  of  formation  of  the  posterior  septum  is  somewhat  uncertain.  Many  believe 
that  it  is  produced  by  the  growing  together  of  the  walls  of  the  posterior  part  of  the 
central  canal  and  by  the  development  from  its  ependymal  cells  of  a  septum  of 
fibrillated  tissue  which  separates  the  future  funiculi  graciles. 

Up  to  the  third  month  of  fetal  life  the  medulla  spinalis  occupies  the  entire 
length  of  the  vertebral  canal,  and  the  spinal  nerves  pass  outward  at  right  angles 
to  the  medulla  spinalis.  From  this  time  onward,  the  vertebral  column  grows  more 
rapidly  than  the  medulla  spinalis,  and  the  latter,  being  fixed  above  through  its 
continuity  with  the  brain,  gradually  assumes  a  higher  position  writhin  the  canal. 
By  the  sixth  month  its  lower  end  reaches  only  as  far  as  the  upper  end  of  the  sacrum; 
at  birth  it  is  on  a  level  with  the  third  lumbar  vertebra,  and  in  the  adult  with  the 
lower  border  of  the  first  or  upper  border  of  the  second  lumbar  vertebra.  A  delicate 
filament,  the  filum  terminal©,  extends  from  its  lower  end  as  far  as  the  coccyx. 

The  Spinal  Nerves. — Each  spinal  nerve  is  attached  to  the  medulla  spinalis  by 
an  anterior  or  ventral  and  a  posterior  or  dorsal  root. 

The  fibers  of  the  anterior  roots  are  formed  by  the  axons  of  the  neuroblasts 
which  lie  in  the  ventral  part  of  the  mantle  layer;  these  axons  grow  out  through  the 
overlying  marginal  layer  and  become  grouped  to  form  the  anterior  nerve  root 
(Fig.  644). 

The  fibers  of  the  posterior  roots  are  developed  from  the  cells  of  the  spinal  ganglia. 
Before  the  neural  groove  is  closed  to  form  the  neural  tube  a  ridge  of  ectodermal 
cells,  the  ganglion  ridge  or  neural  crest  (Fig.  644),  appears  along  the  prominent 
margin  of  each  neural  fold.  When  the  folds  meet  in  the  middle  line  the  two  gan¬ 
glion  ridges  fuse  and  form  a  wedge-shaped  area  along  the  line  of  closure  of  the  tube. 
The  cells  of  this  area  proliferate  rapidly  opposite  the  primitive  segments  and  then 
migrate  in  a  lateral  and  ventral  direction  to  the  sides  of  the  neural  tube,  where  they 
ultimately  form  a  series  of  oval-shaped  masses,  the  future  spinal  ganglia.  These 
ganglia  are  arranged  symmetrically  on  the  two  sides  of  the  neural  tube  and.  except 
in  the  region  of  the  tail,  are  equal  in  number  to  the  primitive  segments.  The  cells 
of  the  ganglia,  like  the  cells  of  the  mantle  layer,  are  of  two  kinds,  viz.,  spon|to- 
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blasts  and  rwuro  blasts.  The  spongioblasts  develop  juto  tbe  neitroglitU  ce^ls  of  the 
ganglia.  Tlse  fieurahfasts  are  at  first  round  or  oval  jn  shape,  but  isoon  assume 
the  form  of  spindles  the  extremities  of  which  gradual)}  elongate  into  centm)  and 
peripheral  pnx'esses.  The  contra! 
processes  grc^:.'jnedja)w&rd  and,  he-  ' 

coming  connected  with  vise  neural  .  w£&. 

constitute  the  fibers  of  the 
posterior  nerve  roots,,  while  the'  per-  '  ^ 

lpitfra?  processes  grow  lat trf ahe ard  to 
mingle  with  the  filters  of  the  anterior. 

'hoi  •  us  the  spina)  hem?.  As  cfcr 
Velopinent  proceeds  the  original 

bipolar  fpntt  sf  the  wlls  changes;  ^ 

slit  two  processes  become  uppfoxi- 
mated  untU  they  afiirrmtely  ;  arise 

from  a  shtde  stecn  hi  a  -T-shaped .  ,,  .,-  rP--  '  ’  ' 

manner,  Oplyfih.  the  ganglia  of'  the  ■  •  .  / 

acoustic  lim'd  is  the  bipolar  form  ;  yV-  yy  "'■  -  *h 

retained.  More  recent  observers  hold,  '-  .,_'/  JR;, 

however,  that  theTdbroi  is  derived  1  -;■■ 

from  t  he  hrauriiirig  of  a  -single  pro¬ 
cess  which  gfows  out  trooi  the  fifiih 
'•The  anterior  or  ventral  and  the  pos- 
teriur  or  dorsal  nerve  roots  join  ina>e- 
iliately  beyond  the  spinal  ganglion  to  form  the  spinal  nerve,  which  then  divides  into 
anterior.  javstofioiV  and  viscera)  divisions.  The  anterior  and  posterior  divisions 
po,m'd  directly  to,  their  areas  of  distribution  wklwut,  further  association  with' 
puigtifin  celts  (Fig.  fUS).  The  visceral  divisions  are  distributed  to  the  tlKiraeic, 
abdominal,  and  pelvic  vt^ctrhv  to  rfeheh  which  they  pass  throiigh  tlie  sy  uipAthetic 
trunk,  and  many  of  the  fibres  form  arborizations  around  the  ganglion  cells  of  this 
trunk,  Visceral branches  irfe  -itiofc  $veii  off  from  all  the  spinal  nerves;  they  form 
two  groups,  vias.»  (»i  taboracico-ltHnlnw,  from  the  first  or  second  thoraeky  to  the 
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cal  llcxureduiiiliishes  nnd  dLsaj>[)car,-;.  The  third  bend  iy  named  the  pontine  flexure 
(Fig-  because  if,  is  found  in  the  region  of  the  future  pons  Yaroli.  It  diin-r.- 
from  tilt-  other  two  in  that  (a)  its  convexity  is  forward,  and  (l>)  it  does  not  ajfw’t 
the  head.  The  lateral  walls  of  the  brain-tube,' like  those'  of  the  medulla  spinaik 
are  dividctl  by  internal  furrows  into  alar  or  dorsal  ami  basal  or  ventral  iamime 
(Fig.  fum. 
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!The  Hind-brain  or  Khombencephalon,  - Tin  cavity  of  the  hind-brain  becomes 
the  fourth  ventricle.  At  the  time  when  the  whtttd  C^halic  Hex ure  makes  its 
appeafance.  tin1  length  of  the  hinddjraiii  exeetxls  tive  noHibined  lengths  t?f  the  otbw 
two  vesicles.  Immediately  behind  the  inid-braih.it  eslnbits  a  market  constriction, 
theistiJtnus  rhorabeecephaU  (Fig,  tl.53,  fstkmux),  which  is  best  seen  w  hen  the  brain  r> 
viewed  from  the  dorsal  aspect.  From  the  isthmus  the  anterior  medullar}'  velum 
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and  the  superior  peduncle  of  the  cerebellum  are  formed.  It  is  customary  to 
divide  the  rest  of  the  hind-brain  into  two  parts,  viz.,  an  upper,  called  the  meten- 
cephalon,  and  a  lower,  the  myelencephalon.  The  cerebellum  is  developed  by  a 
thickening  of  the  roof,  and  the  pons  by  a  thickening  in  the  door  and  lateral  walls 


Fio.  049. — Diagram  to  illustrate  the  alar  and 
baari  lamina  of  brain  vesicles.  (His.) 


Roof-plate 


Alar  lamina 

Furrow  between 
alar  and  basal 
laminae 
Basal  lamina 


Vagus  nerve 
Hypoglossal  nerve 
Floor-plait 

Fio.  600. — Transverse  section  of  medulla  oblongata  of  human 
embryo.  X  32.  (Kollmann.) 


of  the  metencephalon.  The  floor  and  lateral  walls  of  the  myelencephalon  are 
thickened  to  form  the  medulla  oblongata;  its  roof  remains  thin,  and,  retaining  to 
a  great  extent  its  epithelial  nature,  is  expanded  in  a  lateral  direction.  Later,  by 
the  growth  and  backward  extension  of  the  cerebellum,  the  roof  is  folded  inward 
toward  the  cavity  of  the  fourth  ventricle;  it  assists  in  completing  the  dorsal  wall 
of  this  cavity,  and  is  also  invaginated  to  form  the  ependymal  covering  of  its  choroid 


Rhombic  lip 


Tr actus 
8olitarius 


Vagus  nerve 


Hypoglossal  nerve 

Floor-plate 

Fio.  651. — Transverse  section  of  medulla  oblongata  of  human  embryo.  (After  His.) 


plexuses.  Above  it  is  continuous  with  the  posterior  medullary  velum;  below,  with 
the  obex  and  ligulse. 

The  development  of  the  medulla  oblongata  resembles  that  of  the  medulla  spinalis, 
but  at  the  same  time  exhibits  one  or  two  interesting  modifications.  On  transverse 
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section  the  myelencephalon  at  an  early  stage  is  seen  to  consist  of  two  lateral  walls, 
connected  across  the  middle  line  by  floor-  and  roof-plates  (Figs.  650  and  651), 
Each  lateral  wall  consists  of  an  alar  and  a  basal  lamina,  separated  by  an  internal 
furrow,  the  remains  of  which  are  represented  in  the  adult  brain  by  the  sulcus 
limitans  on  the  rhomboid  fossa*  The  contained  cavity  is  more  or  less  triangular 
in  outline,  the  base  being  formed  by  the  roof-plate,  which  is  thin  and  greatly 
expanded  transversely.  Pear-shaped  neuroblasts  are  developed  in  the  alar  and 
basal  laminse.  and  their  narrow  stalks  are  elongated  to  form  the  axis-cylinders  of 
the  nerve  fibers.  Opposite  the  furrow  or  boundary  between  the  alar  and  basal 
laminae  a  bundle  of  nerve  fibers  attaches  itself  to  the  outer  surface  of  the  alar 
lamina.  This  is  named  the  tractus  solitarius  (Fig.  651),  and  is  formed  by  the  sensory 
fibers  of  the  glossopharyngeal  and  vagus  nerves.  It  is  the  homologue  of  the  onl 
bundle  seen  in  the  medulla  spinalis,  and,  like  it,  is  developed  by  an  ingrowth  of 
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Fio.  652. — Hind-brain  of  a  human  embryo  of  three 
months — viewed  from  behind  and  partly  from  left  aide. 
(From  model  by  Hie.) 


Flu.  653, — Exterior  of  brain;  of  human  embryo  of  four 
and  a  half  weeks.  (From  model  by  ilia) 


fibers  from  the  ganglia  of  the  neural  crest.  At  first  it  is  applied  to  the  outer  surface 
of  the  alar  lamina,  but  it  soon  becomes  buried,  owing  to  the  growth  over  it  of  the 
neighboring  parts.  By  the  fifth  week  the  dorsal  part  of  the  alar  lamina  bends 
in  a  lateral  direction  along  its  entire  length,  to  form  what  is  termed  the  rhombic 
lip  (Figs.  651,  652).  Within  a  few  days  this  lip  becomes  applied  to,  and  unites 
with,  the  outer  surface  of  the  main  part  of  the  alar  lamina,  and  so  covers  in  the 
tractus  solitarius  and  also  the  spinal  root  of  the  trigeminal  nerve;  the  nodulus 
and  flocculus  of  the  cerebellum  are  developed  from  the  rhombic  lip. 

Neuroblasts  accumulate  in  the  mantle  layer;  those  in  the  basal  lamina  corre¬ 
spond  with  the  cells  in  the  anterior  gray  column  of  the  medulla  spinalis,  ami,  like 
them,  give  origin  to  motor  nerve  fibers;  in  the  medulla  oblongata  they  are,  however, 
arranged  in  groups  or  nuclei,  instead  of  forming  a  continuous  column.  From  the 
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alar  lamina  and  vfe  rhombic  lip.  rieuroblasts  migrate  into  the  basal  l&tning,  and 
become  aggregated  to  form  the  olivary  atfcfct,  while  many  send  their  ads-eylinders 
through  the  floor-plate  to  the  opposite  side,  and  thus  constitute  the  r-fidimcnt  of 
the  raphe  of  the  medulla  oblongata.  By  means  of  .this  thickening  of  the  ventral 
portion,  the  motor  nuclei  are  buried  deeply  in  the  intetubrygmlim  Ute  adult,  are 
found  close  to  the  rhomlK/ith  fossa.  This  is  still  further  accentuated:  (a)  by  the 
fliti'felopmeHt  u^rjOfe/pyrfttnMs,  which 


are  formed  about  the  fourth-  month 
by  the  downward  growth  «f  the 
motor  fibers  from  the  cerebral  cortex; 
and  (JO  by  the  fibers  w  hibh  pass  to 
and  from  the  cerebellum;  On  the 
rhomboid  fossa  a  series  <d  six  tehi- 
poraty  furrows  appears:  these  are 
tertued  the  rhombic  grooves,  They 
War  a  definite  relationship  to  certain 
of  the  cranial  nerves:  thus,  from 
before  b&cltward  the  first  and  st?euod 
grooves  overlie  five  huehnis  of  the 
trigeminal;  the  third,  the  nucleus  of 
th**  facial;,  the  fourth,  that  Of  the  ab¬ 
ducent:  ;  the  fifth,  that  of  the  glosso- 
plutryngeal;  aod  the  sixth,  that  ipf 
the  vagus-  ^  ' 

The  pots  is  developed  from  the 
venfro-laferal  wall  of  the  tDfetfO- 
cej&alnfih^it  prbeessstitutar  to  that 
which  has  Wen  described  for  the 
medulla  oblongata.  ’  x.  ,  ... 

The  cerebellum  is  developed'  In 
the  roof  of  the  anterior  part  of 
the  lifiad-brata  '(Figs.  fiofi  to  BSpjb 
The  alar  krniiue  of  this  region 
become  thickened  to  form  two 
lateral  pistes  which  soon  fuse' in  the  middle  tine  and  produce  &  thick  lamina  winch 
tools  in  the  upper  part. of  the  cavity  of  the  hind-nrain  vesicle;  tins  constitutes 
the  rudiment  of  the,  cerebellum,  the  outer  surface  of  h-hidi  ds  otighklly  shiooth 
and  convex.  The  fissures*  of  the  cerebeflum  appear  first  ip  the  Vermis  and  fiocciil'ar 
region,  and  traces''  of  thenv  arc  found  during  the  third  month;  the  fissures  Lift-  the 
cerebellar  hiaailsphm'W  do  not  appear  Until  the  fifth  month.  The  primitive  fksures 
am  not  developed  is  the  order  of  their  relative  sixe  in.  the  adult-— thus  the  hori- 
wntal  aulcns  in  the  fifth  month  is  merely  a  shallow  groove.  The  best  marked 
«f  the  early  fissures  are:  («.)  the  fissura  prime,  between  the  developing  ciiltncn  and 
•leelive.  nod  (7.)  the  bsaura  secimda.  between  the  future  pyramid  and  hvoK  The 
flocculus  and  uoduie  are  developed  from  the  rhombic  lip,  and  are  therefore tccog- 
nuafeje  as  separate  portions  before  any  of  the  other  cerebellar  lobules.  The 
groove-  produced  by  the  bending  over  of  the  rhombic  lip  is  here  kuotyft  ?is  the 
itecolar  fissure ;  when  the  two  lateral  walls  fuse,  the  right:  and  MtfioWol^fissui^i 
jinn  in  the middle  line  and  their  Central  part  becomes  the  ^wt-nodular .'fissure-. 

On  the  ventricular  surface  {>t’  thic  cerebellar  lamina  a 
irttisuja  fasUgii,  appears,  find  deepens  to  form  the  tent-like  recess  of  the  root  of  the 
fourth  ventricle.  The  rwdimmtt  Of  the  cerebellum  at  first  projects  in  a  dot-sal 
direction;'  but,  by  the  backward  growth  of  the  eerebrurh,  it  is  folded  downward  avid 


Fid.  — Brai/»  of  huttwo  embryo 'jT  f\)uf  anxl  s.  half 
ah  owing  iuieriorof  foro-bnun.  Oram  model  by  Hi&J 
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somewhat  flattened,  and  the  thin  roof-plate  of  the  fourth  ventricle,  originally 
continuous  with  the  posterior  border  of  the  cerebellum,  is  projected  inward  toward 
the  cavity  of  the  ventricle. 

The  Mid-brain  or  Mesencephalon, — The  mid-brain  (Figs.  053  to  057)  exists  fora 
time  as  a  thin-walled  cavity  of  some  size,  and  is  separated  from  the  isthmus  rhomb- 
encephali  behind,  and  from  the  fore-brain  in  front,  by  slight  constrictions.  Its 
cavity  becomes  relatively  reduced  in  diameter,  and  forms  the  cerebral  aqueduct 
of  the  adult  brain.  Its  basal  lamina'  increase  in  thickness  to  form  the  ccrebnii 
peduncles,  which  are  at  first  of  small  size,  but  rapidly  enlarge  after  the  fourth  month. 
The  neuroblasts  of  these  laminae  are  grouped  in  relation  to  the  sides  and  IIoot 
of  the  cerebral  aqueduct,  and  constitute  the  nuclei  of  the  oculomotor  and  trochlear 
nerves,  and  of  the  mesencephalic  root  of  the  trigeminal  nerve.  By  a  similar 
thickening  process  its  alar  laminae  are  developed  into  the  quadrigeminal  lamina. 
The  dorsal  part  of  the  wall  for  a  time  undergoes  expansion,  and  presents  an  internal 
median  furrow  and  a  corresponding  external  ridge;  these,  however,  disappear, 
and  the  latter  is  replaced  by  a  groove.  Subsequently  two  oblique  furrows  extend 
medialward  and  backward,  and  the  thickened  lamina  is  thus  subdivided  into  the 
superior  and  inferior  colliculi. 


Ganglion  hnbemtks 
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Fla.  055.— Biteriur  of  brain  of  human  embryo  of  five  weeks.  (From  model  by  His.) 


The  Fore-brain  or  Prosencephalon. — A  transverse  section  of  the  early  fore-brain 
shows  the  same  parts  as  are  displayed  in  similar  sections  of  the  medulla  spinalis 
and  medulla  oblongata,  viz.,  a  pair  of  thick  lateral  walls  connected  by  thin  floor- 
and  roof-plates.  Moreover,  each  lateral  wall  exhibits  a  division  into  a  dorsal  or 
alar  and  a  ventral  or  basal  j&mma  separated  internally  by  a  furrow  termed  the  sulcus 
of  Monro.  This  sulcus  ends  anteriorly  at  the  medial  end  of  the  optic  stalk,  and  in 
the  adult  brain  is  retained  as  a  slight  groove  extending  backward  from  the  inter¬ 
ventricular  foramen  to  the  cerebral  aqueduct. 

At  a  very  early  period — in  some  animals  before  the  closure  of  the  cranial  part  of 
the  neural  tube — two  lateral  diverticula,  the  optic  vesicles,  appear,  one  on  either 
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ride  of  the  fore-brain;  for  atiffie  they  communicate  with  the  cavity  of  the  fore-brain 
by  relatively  wide  upyiifogs.  The  peripheral  parts  of  the  vesicles  ..expand,  while 
the  proximal  parts  are  reduced  to  tubular  stalks,  the  optic  stalks-  ;Tbe  optic  vesicle 
gives  rise  to  the  retina  and  the  epithelium  on  die  back  of  the  ciliary  body  and  iris; 
the  optic  stalk  is  imradedLynervefifora  to  form  the  optic  nerve.  The  fore-bram 
then  grows  forward,  aod  from  the  alar  lamina.-  of  this  front  portion  the  cerebral 
hemispheres  originate  as  diverticula  which  rapidly  expand  to  form  two  large 
pouches,  one  on  either  side,  ^^;cav|tt(esc^^  these  diyfort&uld  are  the  rudiments  of 
the  lateral  ventricles;  they  eommuoicate  with  the  median  part  of  the  fore-brain 
cavity  by  relatively  wide  openings,  whirl)  ultimately  form  the  interventricular 
foramen.  The  median  portion  »f  the  w  all  of  the  fore-bruin  vesicle  consists  of  a 
thin  lamina,  the  lamifia  tarjniuahs  .(Figs.  057,.  OiV'i),  which  stretches  from  the 
merveiitrienlar  foramen  to  the  'recess  at  the  base  of  the  optic  stalk  The 
anterior  part  of  the  fote-bfafo,  including  tii^' the  cerebral  hemi? 
spheres,  is  named  the  telencephalon,  and  its.  posterior  port  inn  is  termed  the 
dieacephaJoe;  both  of  these  contribute  to  the  foriusiku?  ofthe  third  ventricfefoA 
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Fi*.  ftiV-F- -ItiU'nor  of  titkiu  of  human  umbryo  of  fi  vt>  w«t-ks  (From  moriedky  HiV) 


The  Di  encephalon.— From  the  alar  lofoios  of  the  diem-ephaton,  the  thalamus, 
cuetatltalamus,  and  epithalamus  are  devvlpped,  The  thalamus  (Figs.  (553  to  057) 
arises  as  . a  thickening  which,  involves  the  anterior  two-t fords  of  the  alar  lamina. 
The  two  thafoihi  are  visible.,  for  a  time,  on  t  he  surface  of  the  brain,  but  are  subse¬ 
quently  hidden  by  the  .cerebral  hemispheres  which  grow  backward  over  them. 
The  thafami  ettfond  medial  ward  and  gradttafly  narrow  the  eftyity  between  them 
info  a  slit  -like  aperture  which  forms  the  greater  part  of  the  third  ventricle;  their 
medial  surfaces  uStiinately  adhere,  ai  part,  to  eadiuther.  nod  the  intermediate 
mass  of  the  ventricle  is  developed  .aero.-*-  the  area  of  contact..  The  met&thalamus 
comprises  the  geniculate  bodies  which  originate  Us  slight  outward,  bulgings  Df  tip? 
alar  lamina.  In  the  adult  the  lateral  gciiitMilate  body  appears  as  nn  cruincnog  on 
die  Lateral  part  o?  the  posterior  end  .ofotkethfoumus,  while  the  .medial  is  rituiited 
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on  the  lateral  aspect  of  the  mid-brain.  The  epithalamus  includes  the  pineal 
body,  the  posterior  commissure,  and  the  trigonum  habenula'.  The  pineal  body 
arises  as  an  upward  the  evagination  of  roof-plate  immediately  in  front  of  the  wid- 
brain;  this  evagination  becomes  solid  with  the  exception  of  its  proximal  part, 
which  persists  as  the  recessus  pinealis.  In  lizards  the  pineal  evagination  is  elongated 
into  a  stalk,  and  its  peripheral  extremity  is  expanded  into  a  vesicle,  in  which  a 
rudimentary  lens  and  retina  are  formed;  the  stalk  becomes  solid  and  nerve  fibers 
make  their  appearance  in  it,  so  that  in  these  animals  the  pineal  body  forms  a 
rudimentary  eye.  The  posterior  commissure  is  formed  by  the  ingrowth  of  fibers 
into  the  depression  behind  and  below  the  pineal  evagination,  and  the  trigonum 
habenulae  is  developed  in  front  of  the  pineal  recess. 


Choroidal  figure 
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Fia.  65r.--Mtv.liaa  sagittal  section  of  brain  of  human  embryo  of  three  months  (From  moicl  by  flia} 


From  the  basal  lamina?  of  the  diencephalon  the  pars  mamillaris  hypothalami 
is  developed;  this  comprises  the  corpora  mamillaria  and  the  posterior  part  of 
the  tuber  cinereum.  The  corpora  mamillaria  arise  as  a  single  thickening, 
which  becomes  divided  into  two  by  a  median  furrow  during  the  third  month. 

The  roof-plate  of  the  diencephalon,  in  front  of  the  pineal  body,  remains  thin  and 
epithelial  in  character,  and  is  subsequently  invaginated  by  the  choroid  plexuses 
of  the  third  ventricle. 

The  Telencephalon. — This  consists  of  a  median  portion  and  two  lateral  diver¬ 
ticula.  The  median  portion  forms  the  anterior  part  of  the  cavity  of  the  third 
ventricle,  and  is  closed  below  and  in  front  by  the  lamina  terminalis.  The  lateral 
diverticula  consist  of  outward  poachings  of  the  alar  1  ami  me;  the  cavities  represent 
the  lateral  ventricles,  and  their  walls  become  thickened  to  form  the  nervous 
matter  of  the  cerebral  hemispheres.  The  roof-plate  of  the  telencephalon  remains 
thin,  and  is  continuous  in  front  with  the  lamina  terminalis  and  behind  with  the 
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chiasma.  The  anterior  part,  of  the  tutor  citoryum  is  derived  from  the  posterior 
part  of  the  floor  of  the  telencephalon;  the  tofundibuhmu  amd  jw.sieri.ir  lobe  of  the 
i^gophj  jris  ari^p  as  a  downward  diverticulum;  from  the  fiopiv  The  most  depen* 
dent  part  of  ito  djVertieularn  beotanfeh  SftMd  apfl 

hypophysis:  the  anterior lobe  of  the  hypophysis  is  fleveinped  froor  a  diwrti<niluin 
of  the  eettKlerraal  lining  of  the  stomOdeunn  The  optic*  ehkstna  is  formed 
by  the  dmesathm  <«f  the  optic  nerves,  which  subsequently 

grove  baclrivafd  as  the  tjptic  trac  ts  and  end  in  the  dieneepludoo. 

The  cerebral  iMMaispheres  arise  as  diverticula,  of  the  utor  laminin  of  the  telen¬ 
cephalon  (Figs,  553  to  557) ;  they  increase  rapidly  in  size  and  ultimately  overlap 
the  structures  developed  from  the  mid-  and  hind-brains.  This  great  expansion 
of  the  hemispheres  is  a  sdmto 

acteriftic  feature  of  the  brains  .  ’ 

of  xnaoinjals.  and  a.tthitis  its 

•:ih  /?■>'■■  ^ 

the  brain  of  man.  Elliott-  f  \ 

Smith  divides,  each  Cerebral  ry,-,..  -M  i 

hemisphere  into  three  futvda-  '  £  •  /  \ 

menial  parts,  viz,,  the  rbinen-  - v  '%  t 

cephalon,  the  corpus  striatum, 
and  the  aeopallimn. 

The  rhin  encephalon  (Fig. 

'6ob) ;  represents  the  oldest 
parr.  $  the-  teleiu;epbaldp. 
and  forms  almost  the  w  hole 
of  the  tootoptore  in  fishes, 
amphibians,  a»d  t^ptifes.  In 
maw  it  p*  feebly  developed 
in  eoojparisnB  viritT.  the  rest 
«  the  hemisphere,  and  epm- 
[.rhes  the;  folfowing  parts, 

$8* the  blfaetwry  lobe,  (con-  .  .......... m _ _ _ B( ,.  RJ  . . I  _ _ 

listing  of  the  olfactory  tract  and  bulb,  and  the  trigomim  olfactorium),  the  anterior 
perforated  sutotanoe,  the  septum  subcallosal,  suprjytollosftf,  and 

dentate  gyrb  the  fornix,  the  hippocampus,  and  the  uupui.  The  rhuviK ('phulofi 
appears  as  a  lohgitudin&l  elevation,  with  %  'corresponding  internal  furrow,  on  the 
under  surface of  the  toiiHsphere  close;  to  the  lamina  teruiinalis;  it  ‘separated 
from  the  lateral  surface  t»?  the  tomispbere  by,  a  furrow,  the  external  rhinal  fissure, 
and  is  continuous  behind  vyitlythat  part  «f  the  hemisphere,  which  n  ill  ultimately 
form  the  anterior  end  «f  tfe-dempto&l  h>to.  The  diwatkm  becomes  divided  by 
a  groove  into  an  anterim*  and  a  posterior  part.  The  anterior  grows  'forward  as 
a  hpllow  stalk  the  lumen  of  which  is  continuous  with  thfc  anterior  part  of  tbe^jhor 
triciiiar  cavity.  During  the  third'  month  the  stalk  bwvmrs  solid  and  forms  the 
Tudiment  of  the  olfatHory  bulb  and  tract  ;  a  strand  of  gidatibons  tissue  -in' the  interior 
of  the  bulb  indicates  the  jiostitipn  of  the  original  cavity  Fretu  the  posterior  part  the 
aunrior  perforated  anbstome  and  the  pyriform  Into  are  deyvioped;  at  the  begin¬ 
ning  of  the  fourth  Month  the  latter  forms  a  curyed:;^i'atldn''«ontmuoti8  behind 
ritbihe  medial  surface  of  the  temporal  Into,  lcij4'  Wore  backward; 

of  the  gyrus  olfaetorius  latemlis,  gyrus  ambieftSs  and  '^'ra«Mp^\mwns>,  parts  which 
in  the  adult  brain  are  represented :,by  the  lateral  And  tto 


Twf* 


Indnriur  mu-f,\c<of  brain  of  tMnhryo  t%t  h^iuuiag,  of  fourtJt, 
’•  mWotb.  (Ftopj  Kullwutnfif,)  :V- V  ^  . 
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3&&tre 

Ca.i  Vorima  ^trwUuTi.i  Th.  Ttmlobiiie. 


#^«^&tfiwiiffl(0fttif>  cotouid  ac-ciioti  of  braip  to  ehow  rplntioiM  ot  nuordllium .  (After  Hi&f  *7/ ,•  •  ’C*wM 

1TA.  TbaiaTnus,  . 


The  neopallium  (Pig.  659)  forms  the  remaining,  and  by  far  the  greater,  part  of  the 
cerebral  hemisphere.  It  consists,  at  an  early  stage,  of  a  relatively  large,  wore  wr 
less  hemispherical  cavity— the  primitive  ‘lateral  ventrfclfc^iK-losed  by  »  thin  v..al 
from  which  the  cortex  of  the  hemisphere  is  developed.  The  vesicle  expands  in  -ail 
directions,  but  more  especially  upward  and  backward,  so  that  by  the  third  nwath 
the  Iiemisplmres  t:dycr  the  dicnc<jphalons  by  the  sixth  they  overlap  rise  mid-brais, 
arai  by  the  esirhth  the  hiud-braln. 

The  median  huhiiia  unking  the  two  hemispheres  does  not  share  in  their  expur.* 
situi,  and  th»i?  the  hemispheres  are  separated  by  a  deep  cleft,  the  fywruiitK*  <rt 
th*.  longitudinal  .fiaswrc,:  .«ti.d  this  cleft  is  occupied  by  a  septum  of  meaotlerojal 
tissue  which  constitutes-,  the-  primitive  fate  cerebri.  v  Coioddenriy  with  the  expzr.- 
dm  of  ike  vesicle,  is  ilrawm  out  tnto  three  prolorigatious  which  represent 
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ward  and  forward  and  forms  the  inferior  horn;  the  posterior  horn,  is  produced 
somewhat  later,  m  association  with  thebttekwurdgyowth  of  the  occipital  lube  of 
the  hemisphere.  The  roof-plate  of  the  primitive  forfc-hwn  remains  thin  and  of  an 
epithelial  character;  it  is  invaginated  into  the  lateral  ventricle  along  the  -'medial 
wall  of  the  hemisphere.  This  invagioatioa  constitutes  the  ehproida!  fissure,  and 
txU  rids  from  the  mterventrieulftr  foramen  to  the  posterior  end  of  the  vesicle.  Meso- 
denpal  tissue,  vonttmioUs  with  that  of  the  primitive  falx  cerebri,  and  carrying 
bloodvessels  with  it.  spreads  between  the  two  layers  of  the  i&vaginated  fold  ahd 
•fonus  the  rudiment  of  the  tela  chomidea;  the  margins  of  the  tela  become  highly 
vascular  add  form  the  choroid  plexoses  which  for  some  months  almost  completely 
fill  the  ventricular  cavities;  the.  tote  at  the  same  time  invagiuates  the  epithelial 
roof  of  the  dieneephalon  to  form  f he  choroid  plexuses  of  the  third  ventricle.  By 
the  downward  and  forward  growth  of  the  posterior  end  of  the  Vesicle  to  form  the 
temporal  lobe  the  choroidal  fissure  finally  reaches  from  the  interventricular  fora¬ 
men  to  the  extremity  of  the  inferior  horn  of  the  ventricle, 


Ck&Mitlal  jmitre 


Part.  r.nttOmteitt#  V 


Lorptfi*  $&*£**$?*&&*  ~3 
■Cff'itHi 

Ce.  nfa  ol  .^d  ?  vt/fc  Jj; 
CerthiUufK  *4 

■■ 


J.V<  firnirf&fe.S 


'■^ftMrpetlurMfym 

r  •  .C'  .■  •  •  £  .  *  -.7  /  -x< , 


r\  ill.  . 


juti  su^tta)  twnioa  ot  braiaoi  iiunifiri  cmbryfi  oflimt  arfjfriita.  fMimihaad.) 

Parallel  with  but  above  and  in  front  of  the  choroidal  fissure  the  medial  wall  of 
the  cerebral  vesicle  becomes  folded  outward  and  gives  rise  to  the  hippocampal 
flame  bn  the  medial  surface  <tod  t<r  a  c*xrr£«poaeli«g  elevation,  the  Mppocsunpua, 
within  the  ventricular  cavity  .  The  gray  or  ganglionic  covering  of  the  wall  of  the 
ve-ide  endfs  at  the  inferior  margin  of  the  fesure  is  a  thickened  edge;- beneath.  this 
the  marginal  of  reticular  layer  (future  white suiuitaaee)  is  exposed,  and  ifi's  lower 
thinned  edge  is  continuous  with  the  epithelial  invagination  covering  the  choroid 
plexus  (Tig.  As  sv  result  of  the  later  downward  and  forward  growth  of  the 

temporal  lobe,  the  hippocampal  fissure  and  the  parts  associated  with  it  extend  from 
the  interventricular  foramen  tit  tlse  ?mi  of  the  inferior  horn  of  the  Verttricle. 
The  thickened  edge  of  gray  substance  becomes  the  gyrus  detitaius,  the  fasciola 
riuerea  and  the  supra-  and  subcallosal  pyri,  while  the  free  edge  of  the  white  sub-, 
stance  forms;  the  fijabria  liippijcamjH  and  the  body  and  cru.s  of  the forms:.  Tine 
corpus  callosum  is  developed  within  the  arch  of  the  luppricfthip/d  fissure,  ninl  the 
upper  part  of  the  fissure  forms,  in  the  adult  brain,  the  callosat  festtre  on  the  medial 
surface  of  the  hemisphere.  -  -,V  ,  , 

The  Commissures  (Tig.  6G0).— The  development  of  the  posterior  commissure 
lifts  already  been  referred  to  (page  73b),  The  great  dommisssures  of  the  head- 
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the  corpora  striata  and  thalami;  later  the  fibers  from  the  cells  of  the  cortex  are 
added.  Medullation  of  these  fibers  begins  about  the  time  of  birth  and  continues 
until  puberty.  A  summary  of  the  parts  derived  from  the  brain  vesicles  is  given  in 
the  following  table: 


( 1.  Myelencephalon 


2.  Metencephalon 

Hind-brain  or 
Rhombencephalon 

3.  Isthmus  rhomb- 

encephali 


Mid-brain  or  Mesencephalon 


1.  Diencephalon 

Fore-brain  or 
Prosencephalon 

2.  Telencephalon 


Medulla  oblongata 

Lower  part  of  fourth 
ventricle. 

Pons 

Cerebellum 

Intermediate  part  of  fourth 
ventricle. 

Anterior  medullary  velum 

Brachia  conjunctiva 

-  cerebelli. 

Upper  part  of  fourth 
ventricle. 

Cerebral  peduncles 
<  Lamina  quadrigemina 

Cerebral  aqueduct. 

-  Thalamus 

Metathalamus 

Epithalamus 

J  Pars  mamillaris  hypo¬ 
thalami 

Posterior  part  of  third 
ventricle. 

Anterior  part  of  third 
ventricle 

Pars  optica  hypo¬ 
thalami 

Cerebral  hemispheres 

Lateral  ventricles 
k  Interventricular  foramen. 


The  Cranial  Nerves. — With  the  exception  of  the  olfactory,  optic,  and  acoustic 
nerves,  which  will  be  especially  considered,  the  cranial  nerves  are  developed  in  a 
similar  manner  to  the  spinal  nerves 
(see  page  728).  The  sensory  or 
afferent  nerves  are  derived  from 
the  cells  of  the  ganglion  rudiments 
of  the  neural  crest.  The  central 
processes  of  these  cells  grow  into 
the  brain  and  form  the  roots  of  the 
nerves,  while  the  peripheral  pro¬ 
cesses  extend  outward  and  consti¬ 
tute  their  fibers  of  distribution 
(Fig.  648).  It  has  been  seen,  in 
considering  the  development  of  the 
medulla  oblongata  (page  731),  that 
the  tractos  solit&rius  (Fig.  663),  de¬ 
rived  from  the  fibers  which  grow 

inward  from  the  ganglion  rudiments  v  \Vagu8  nerve 

Of  the  glossopharyngeal  and  vagUS  \  Hypoglossal  nerve 

nerves,  is  the  homologue  of  the  Floor-plate 

am!  i_.  ■ ii  __  '  0.1  ^  „  1  ;  1  11  Fio.  662. — Transverse  section  of  medulla  oblongata  of 

Oral  bundle  m  tne  cord  wnicn  nad  human  embryo.  X  32.  (Kollmann ) 


• Roof-plate 


-Alar  lamina 


Furrow  between 
alar  and  basal 
lamina 

■Basal  lamina 
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its  origin  in  the  posterior  nerve  roots.  The  motor  or  efferent  nerves  arise  as  out¬ 
growths  of  the  neuroblasts  situated  in  the  basal  laminae  of  the  mid-  and  hind¬ 
brain.  While,  however,  the  spinal  motor  nerve  roots  arise  iq  one  series  from  the 
basal  lamina,  the  cranial  motor  nerves  are  grouped  into  two  sets,  according  as 
they  spring  from  the  medial  or  lateral  parts  of  the  basal  lamina.  To  the  former 
set  belong  the  oculomotor,  trochlear,  abducent,  and  hypoglossal  nerves;  to  the 
latter,  the  accessory  and  the  motor  fibers  of  the  trigeminal,  facial,  glossopharyn¬ 
geal,  vagus  nerves  (Figs.  662,  663). 


Floor-plate 

Fiq.  663. — Transverse  section  of  medulla  oblongata  of  human  embryo.  (After  His.) 


The  Sympathetic  Nervous  System. — The  primordia  of  the  sympathetic  trunks 
and  the  prevertebral  plexuses  arise  from  cells  of  cerebrospinal  origin  which  advance 
peripherally  both  along  the  dorsal  and  ventral  roots  of  the  spinal  nerves.  The 
vagal  sympathetic  plexuses,  viz.,  the  pulmonary,  the  cardiac,  and  the  enteric 
plexuses,  except  in  the  aboral  portions  of  the  digestive  tube,  arise  from  cells  of 
cerebrospinal  origin  wThich  migrate  peripherally  along  the  vagi.  In  the  more  distal 
portions  of  the  digestive  tube  the  enteric  plexuses  arise  from  cells  which  are  derived 
from  the  sympathetic  supply  in  the  lower  trunk  region.  The  majority  of  the  cells 
which  constitute  the  primordium  of  the  ciliary  ganglion  are  derived  from  the 
semilunar  ganglion  via  the  ophthalmic  nerve.  Relatively  few  are  contributed  via 
the  oculomotor  nerve.  The  cells  which  enter  the  primordium  of  the  sphenopalatine 
ganglion  earliest,  migrate  peripherally  along  the  greater  superficial  petrosal  nerve. 
The  majority  of  the  cells  which  enter  the  primordium  of  this  ganglion  are  derived 
from  the  semilunar  ganglion  via  the  maxillary  nerve  and  its  rami.  The  primordium 
of  the  otic  ganglion  arises  at  the  growing  extremity  of  the  lesser  superficial  petrosal 
nerve  as  an  aggregate  of  cells  which  advance  primarily  from  the  petrosal  ganglion. 
The  otic  ganglion  also  receives  cells  of  trigeminal  origin  via  the  mandibular  nerve 
and  its  branches.  The  submaxillary  and  sublingual  ganglia  arise  on  the  lingual  nerve 
primarily  from  cells  of  trigeminal  origin.  They  probably  receive  some  cells  of  facial 
origin  via  the  chorda  tympani.  The  smaller  sympathetic  ganglia  associated  with 
the  rami  of  the  glossopharyngeal  nerve  in  the  posterior  portion  of  the  tongue  arise 
from  cells  which  migrate  into  the  tongue  along  the  glossopharyngeal  fibers.  The 
cells  which  give  rise  to  sympathetic  neurones  are  derived  both  from  the  cerebro¬ 
spinal  ganglia  and  the  neural  tube.  Not  all  of  these  cells  actually  migrate  as  such 
from  the  cerebrospinal  nervous  system.  Many  of  them  arise  by  mitotic  division 
of  migrant  cells  along  the  paths  and  in  the  primordia  of  the  sympathetic  nervous 
system.1 

1  Kuntz,  A.,  The  Development  of  the  Sympathetic  Nervous  System  in  Man,  Jour.  Comp.  Neur.,  1920,  32,  173-229. 
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The  nervous  tissues  are  composed  of  nerve  cells  and  their  various  processes, 
together  with  a  supporting  tissue  called  neuroglia,  which,  however,  is  found  only 
in  the  brain  and  medulla  spinalis.  Certain  long  processes  of  the  nerve  cells  are  of 
special  importance,  and  it  is  convenient  to  consider  them  apart  from  the  cells; 
they  are  known  as  nerve  fibers. 

To  the  naked  eye  a  difference  is  obvious  between  certain  portions  of  the  brain 
and  medulla  spinalis,  viz.,  the  gray  substance  and  the  white  substance.  The  gray 
substance  is  largely  composed  of  nerve  cells,  while  the  white  substance  contains 
only  their  long  processes,  the  nerve  fibers.  It  is  in  the  former  that  nervous  impres¬ 
sions  are  received,  stored,  and  transformed  into  efferent  impulses,  and  by  the  latter 
that  they  are  conducted.  Hence  the  gray  substance  forms  the  essential  constituent 
of  all  the  ganglionic  centers,  both  those  in  the  isolated  ganglia  and  those  aggregated 
in  the  brain  and  medulla  spinalis;  while  the  white  substance  forms  the  bulk  of  the 
commissural  portions  of  the  nerve  centers  and  the  peripheral  nerves. 


Fig.  664. — Neuroglia  cells  of  brain  shown  by  Golgi’s  method.  A.  Cell  with  branched  processes.  B.  Spider  cell 
with  unbranched  processes.  (After  Andriezen.) 


Neuroglia. — Neuroglia,  the  peculiar  ground  substance  in  which  are  imbedded  the 
true  nervous  constituents  of  the  brain  and  medulla  spinalis,  consists  of  cells  and 
fibers.  Some  of  the  cells  are  stellate  in  shape,  with  ill-defined  cell  body,  and  their 
fine  processes  become  neuroglia  fibers,  which  extend  radially  and  unbranched 
(Fig.  664,  B)  among  the  nerve  cells  and  fibers  which  they  aid  in  supporting.  Other 
cells  give  off  fibers  which  branch  repeatedly  (Fig.  664,  A).  Some  of  the  fibers  start 
from  the  epithelial  cells  lining  the  ventricles  of  the  brain  and  central  canal  of 
the  medulla  spinalis,  and  pass  through  the  nervous  tissue,  branching  repeatedly 
to  end  in  slight  enlargements  on  the  pia  mater.  Thus,  neuroglia  is  evidently  a 
connective  tissue  in  function  but  is  not  so  in  development;  it  is  ectodermal  in 
origin,  whereas  all  connective  tissues  are  mesodermal. 

Nerve  Cells. — Nerve  cells  are  largely  aggregated  in  the  gray  substance  of  the 
brain  and  medulla  spinalis,  but  smaller  collections  of  these  cells  also  form  the 
swellings,  called  ganglia,  seen  on  many  nerves.  The  latter  are  found  chiefly 
upon  the  spinal  and  cranial  nerve  roots  and  in  connection  with  the  sympathetic 
nerves. 

The  nerve  cells  vary  in  shape,  size  and  structure.  The  histological  character 
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of  a  nerve  cell  is  an  indication  of  its  function  (Figs.  665  and  666).  The  three  types 
of  muscle  for  example  are  innervated  by  three  distinct  types  of  nerve  cells  (Figs* 
665  and  606)* 

Nerve  cells  have  one  (unipolar  cells)  or  more  processes  (mullipolar  cells.)  The 
processes  are  of  two  kinds:  one  of  them  is  termed  the  axis-cylinder  process  or  woo 
because  it  become  the  axis-cylinder  of  a  nerve  fiber  (Figs.  667  and  668).  The 
others  are  termed  the  protoplasmic  processes  or  dendrons ;  they  begin  to  divide  and 
subdivide  soon  after  they  emerge  from  the  cell,  and  finally  end  in  minute  Wgs 
and  become  lost  among  the  other  elements  of  the  nervous  tissue. 

The  body  of  the  nerve  cell,  known  as  the  cyton,  consists  of  a  protopl&$IU,c 
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Fttj*  6Go  and  666.  —  Nerve  cells  from  Nissl  preparations  of  the  adult  human  brain  and  spinal  cord  that  reveal  in 
wroi  aud  structure  their  general  functional  significance.  X  5CX)  (Malone),  (a  to  d),  Peripheral  efferent  neurons,  (a) 
t«ll  of  medium  siae  with  large  Nissl  granules  from  hypoglossal  nucleus  for  supply  of  striated  muscle,  (6)  large  cell  from 
dte  dorsal  vagus  nucleus,  a  preganglionic  visceral  cell  probably  for  the  supply  of  cardiac  muscle,  (c)  small  cell  from  the 
vagus  nucleus,  a  preganglionic  visceral  cell  lor  the  supply  of  smooth  muscle,  (d)  cell  from  Edmger-Westphal 
nodtfu* of  the  oculomotor  nerve,  a  preganglionic  visceral  cell  tor  smooth  muscle.  (<r)  Peripheral  afferent  neurons  from 
"^•Mtecphalje  nucleus  of  the  trigeminal  nerve,  the  cell  body,  although  it  has  remained  within  the  central  nervous 
system,  i»  »  part  of  the  peripheral  afferent  Dcurone  for  muscle  sense*,  this  unipolar  cell  is  similar  to  the  large  proprio- 
r«®tm  cells  of  the  peripheral  afferent  ganglia,  (/)  Exteroceptive  reception  cell  from  the  peripheral  sensory  nucleus  of 
<o*  trigeminal  nerve,  (q  and  A)  Efferent  correlation  cells,  (0>  from  the  reticular  formation  of  the  pone,  compare  with 
*d.«  4iw  (A if  from  the  superior  olive,  nn  efferent  correlation  cell  for  cochlear  reactions,  (i  to  a)  Proprioceptive  correla- 
cells:  the  proprioceptive  system  is  functionally  and  anatomically  closely  related  to  the  efferent  system  and  ibis 
relationship  is  indicated  id  the  efferent  characteristics  of  the  cells  of  this  group;  (i)  from  column  of  Clarke  of  spinal 
Ui  from  lateral  vestibular  nucleus,  a  proprioceptive  reception  center  which  is  efferent  instead  of  afferent,  (k)  from 
«tm)  retivrular  nucleus  of  medulla,  (l)  from  inferior  olive  (m)  from  nuclei  pontia.  (♦»)  Purkinje  cell  from  cerebellar 
cortex  from  dentate  nucleus  of  cerebellum,  (p)  from  ventral  nucleus  of  the  thalamus,  (g)  from  the  dorsal  portion  of 
j  ‘tui  rjucieus  of  thalamus,  (r)  efferent  cell  from  reticular  formation  of  hypothalamus,  <x)  from  caudate  nucleus,  (f) 
‘cmi  the  globus  pollidus  of  the  lenticular  nucleus,  the  efferent  portion  of  the  corpus  striatum. 
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materiai,  of  a  mldtsb  or  .yelk^'lshrfrro^n  color,  tdafeh  ftpcftai^nailj*  _prw«rts 

patches  of  a  deeper  tfijt*  cause*]  k&  the  ajfgri^atiou  of  pigment  granules  at  one  side 
of  the  nucleus,  as  in  the substantia  uigrrt  aa< 1.  locus  ererulems  of  the  brain.  The  fe«] 
protoplasm  coiitains  ppcalhsr  angular  gfidipite,  winch  stam  (feepfy  ^d  basfeHvs*.; 
such  as  iivcthyieiic  hltie;  these  are  known  as  NteaPs  grantPefc.  They  ext ftsd  into  the 
clendritk  processes  hut  not  info  the  axb^ylitider;  the  small  dear  area  at  the  point  <>f 
exit  of  the  axprt  in  same  edl  types  is  termed  the  cone  of  origin.  These  granules  db- 


-Fta.  Purkiojbifpom 

<ettiuti.  fCajftU;  a*  A*v»tt.  b.  ColiuUfrni  t 


Fig.  (Wt.  ■— coJi  Irpiin  the  o*ytebr&f  Vajrw* 
:  JAfr«t  Uuiu6o  y  CajtfLjt 


appear  'k<hrmtiioiym\  during  fatigue  or  after  prolonged  stimulation  of  the  uer  e 
{liters  epnfi«yt*S:i  w  ith  the  cells-  They  are  3pppp^d;  t«  represen t  u  store  ot'.i<ervoi« 
energy,  atyj  in  various  'men Pd  diseases  are  deficient  or dtlBnnt.  The nudsns  k'<  f» 
fe  rtile,  a  large.  wd.Wdmcd,  spherical  body;  often- presenting  an  intranuclear  art¬ 
work  and  containing  a  well-marked  nucleolus. 

Netve  Fibers,— Kerve  6 Iters  arc  found  universally  in  tins  peripheral  nerves 
and  in  the  w  hite  substance  of  tire  brain  and,  medulla  spinalis.  They,  arc  of 
kinds — viz.,  medullated  nr  white  fibers,  and  non-niedull&ted  or  gray  fibers. 


The  medutlated  fibers  form  part  of  the  brain  and  medulla  spinalis,  and 

also  the  greater  part  of  every  cranial  and  spinal  nerve,  and  .give  to  these  structures 
dicir  opa.jue.  white  aspect.  When  perfectly  fresh  they  appear  to  be  homogeneous; 
hat  viMfi  after  removal  from  the  body  each  fiber  presents,  when  examined  by  trans¬ 
mitted  light,  a  double  uutliue  or  contour,  as  If insisting  Of  two  parts  (Fig.  iJthty. 
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The  axis-cylinder  is  the  essential  part  of  the  nerve  fiber,  and  is  always  present; 
the  medullary  sheath  and  the  neurolemma  are  occasionally  absent,  expecially  at 
the  origin  and  termination  of  the  nerve  fiber.  The  axis-cylinder  undergoes  no 
interruption  from  its  origin  in  the  nerve  center  to  its  peripheral  termination,  and 
must  be  regarded  as  a  direct  prolongation  of  a  nerve  cell.  It  constitutes  about 
one-half  or  one-third  of  the  nerve  fiber,  being  greater  in  proportion  in  the  fibers 
of  the  central  organs  than  in  those  of  the  nerves.  It  is  quite  transparent,  and  is 
therefore  indistinguishable  in  a  perfectly  fresh  and  natural  state  of  the  nerve. 
The  axis-cylinder  is  said  by  some  to  be  enveloped  in  a  special  reticular  sheath, 
which  separates  it  from  the  medullary  sheath,  and  is  composed  of  a  substance  called 
neurokeratin.  The  more  common  opinion  is  that  this  network  or  reticulum  is  con¬ 
tained  in  the  white  matter  of  Schwann,  and  by  some  it  is  believed  to  be  produced 
by  the  action  of  the  reagents  employed  to  show  it. 

The  medullary  sheath,  or  white  matter  of  Schwann  (Fig.  670),  is  regarded  as  being  a 
fatty  matter  in  a  fluid  state,  which  insulates  and  protects  the  essential  part  of  the 
nerve — the  axis-cylinder.  It  varies  in  thickness,  in  some  forming  a  layer  of  extreme 
thinness,  so  as  to  be  scarcely  distinguishable,  in  others  forming  about  one-half  the 
nerve  fiber.  The  variation  in  diameter  of  the  nerve  fibers  (from  2  to  16/*)  depends 
mainly  upon  the  amount  of  the  white  substance,  though  the  axis  cylinder  also 
varies  within  certain  limits.  The  medullary  sheath  undergoes  interruptions  in  its 
continuity  at  regular  intervals,  giving  to  the  fiber  the  appearance  of  constriction 
at  these  points:  these  are  known  as  the  nodes  of  R&nvier  (Figs.  670  and  672).  The 
portion  of  nerve  fiber  between  two  nodes  is  called  an  intemodal  segment.  The 
neurolemma  or  primitive  sheath  is  not  interrupted  at  the  nodes,  but  passes  over 
them  as  a  continuous  membrane.  If  the  fiber  be  treated  with  silver  nitrate  the 
reagent  penetrates  the  neurolemma  at  the  nodes,  and  on  exposure  to  light  reduction 
takes  place,  giving  rise  to  the  appearance  of  black  crosses,  Ranvier’s  crosses,  on  the 
axis-cylinder.  There  may  also  be  seen  transverse  lines  beyond  the  nodes  termed 
Frommann’s  lines  (Fig.  673) ;  the  significance  of  these  is  not  understood.  In  addi¬ 
tion  to  these  interruptions  oblique  clefts  may  be  seen  in  the  medullary  sheath, 
subdividing  it  into  irregular  portions,  which  are  termed  medullary  segments,  or 
segments  of  Lantermann  (Fig.  670) ;  there  is  reason  to  believe  that  these  clefts  are 
artificially  produced  in  the  preparation  of  the  specimens.  Medullated  nerve 
fibers,  when  examined  in  the  fresh  condition,  frequently  present  a  beaded  or  vari¬ 
cose  appearance:  this  is  due  to  manipulation  and  pressure  causing  the  oily  matter 
to  collect  into  drops;  and  in  consequence  of  the  extreme  delicacy  of  the  primitive 
sheath,  even  slight  pressure  will  cause  the  transudation  of  the  fatty  matter,  which 
collects  as  drops  of  oil  outside  the  membrane. 

The  neurolemma  or  primitive  sheath  presents  the  appearance  of  a  delicate, 
structureless  membrane.  Here  and  there  beneath  it,  and  situated  in  depressions 
in  the  white  matter  of  Schwann,  are  nuclei  surrounded  by  a  small  amount  of 
protoplasm.  The  nuclei  are  oval  and  somewhat  flattened,  and  bear  a  definite 
relation  to  the  nodes  of  Ranvier,  one  nucleus  generally  lying  in  the  center  of  each 
internode.  The  primitive  sheath  is  not  present  in  all  medullated  nerve  fibers, 
being  absent  in  those  fibers  which  are  found  in  the  brain  and  medulla  spinalis, 

Walleri&n  Degeneration. — When  nerve  fibers  are  cut  across,  the  central  ends  of  the  fibers 
degenerate  as  far  as  the  first  node  of  Ranvier;  but  the  peripheral  ends  degenerate  simultaneously 
throughout  their  whole  length.  The  axons  break  up  into  fragments  and  become  surrounded  by 
drops  of  fatty  substance  which  are  formed  from  the  breaking  down  of  the  medullary  sheath. 
The  nuclei  of  the  primitive  sheath  proliferate,  and  finally  absorption  of  the  axons  and  fatty 
substance  occurs.  If  the  cut  ends  of  the  nerve  be  sutured  together  regeneration  of  the  nerve 
fibers  takes  place  by  the  downgrowth  of  axons  from  the  central  end  of  the  nerve.  At  one  time 
it  was  believed  that  the  regeneration  was  peripheral  in  origin,  but  this  has  been  disproved,  the 
proliferated  nuclei  in  the  peripheral  portions  taking  part  merely  in  the  formation  of  the  so-called 
scaffolding  along  which  the  new  axons  pass. 
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Non-medollated  Fibers,— Most  of  tbe  fibers  •«f;-;yievs5,ifl,pia<ib'c4ic  system-,-  and 
$oute  of  the  cerebrospinal,  consist  of  tbiv  grny  or  fctsi&tinouB  :  aerre  fibers  (filters  of 
llemak J  (Fig,  674).  Each  of these  consists of.  an  axis-cylinder  to  rhiclrrsuciei  are 
applied  at  interyitis.  These  nudetare  beitetfed  to  Mcia  connection  with  a  delicate 
strath  earcesjKtndirig  with  the  neuroiemma  of  the  medullated  nerve  fiber.  In 
external  appCanitiCe  the  non-roedull&ted  nerve  fibers  afe  \s>w.intirttnspareot  and  'gray 
or  yellowish  gray.  The  individual  fibers  vary  in  size,  generally  averaging  about 
half  tiie  size  of  the  ffieduiiatecl  fibers. 
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T10  C>73 — uerve  fitters  truineti  vritb  silver  nitrate. 


Fig.  F»74 — A  (tmtiDf  nervous  branch 
from  tins  sempatheti*?  of  n  mammal 
a.  Two  me»|u lla  ted  tierve  fibers  orrioog 
a  mnriber  of  gray  nerve  fibers.  b. 


Structure  of  the  Peripheral  Nerves  and  Ganglia*  -  The  cerebrospinal  nerves  con, 
sist  of  numerous  nerve  fitters  collected  together  :<nd  enclosed  in  Membranous  slieatW 
'Fig.  t>75).  A  small  bundle  of  fibers-.  enclosed  in  a  tubular  sheath.  is  called  a. 
funiculus;  if  the  nerve  is  of  small  size,  it  nusy  consist  only  of  a  single  funiculus;  but 
^  iarge.  tbe  Funiculi  are  trolJeitted  together  into  larger  bundles  or  fasciculi,  v.  hich 
irr  bound  together  in  a  common  membranous  investment,.  In  structure  the 
membra  nous  investment,  or  sheath  of  the  vyholc  nerve  tepineuriom*.  as 
v, r- 1  j  tin-  septa  given  off  from,  it  to  separate  the  fasciculi,  consist  of  connective 
b>siic.  composed  of  white  awl.  yellow:  elastic  fibers,  the  latter  existing  in  great 
ahujHlatjfiir,  The  tubular  sheath  of  the:  .funiculi  (pwinemitaal  is,  a  fine,  sfnpotlv 
transjetrent  membraTw;.  which  may  he  easily  separate*! .  in  the  form  of  a  tube,  from 
tin-  fibers  it  encloses;  in  structure  it  is  made  up  of  connective  tissue,  which  has  a 
-l.-nncfly,  fann-tlar  arrangement.  The  nerve  filters  arc  held  together  and supported 
.within  tfie  futtuudus  by  defidfite  connective  tissue,  called  the  eadoneurhmt.  It  is 
ooutmupos  'with  sept)*  which  pass  inward  from  the  hmeFmost  layer  of  the  peri¬ 
neurium.  and  shows  a  ground  substance  in  which  are  imbedded  fine  bundles  of 
fibrous  connective  tissue  running  for  the  most  part  longitudinally..  h  s-w^  to 
■support- ^  capillary  vessels,  arranged  so  tis  to  form  a  iict-work.  w-it'h  elongated  meshes. 
T3jy  rerybrospinal  nerve*  consist  nliWost  exclusively'  of  medullatedncrve  fibjanf, 
»{tb  a.  very  small  proportion  of  non-medullatod  being  present. 

TW  blood  v*>**nc!s  SHppiyiitg  a  nerve  cud  in  a  minute  capillary  plexus,,  the  vesse  ls 
composing  which  jpim*  the  )*rineuri«ni,  and  run,  furtlje  most  part,  parallel  w  ith 
the  filters;  they  arc  connected  together  by  short,  transverse  vessels,  forming  narrow, 
oblong  meshes,  similar  to  tile  capillary  system  of  muscle-  Fine  non-mvdulhired 
nerve  fibers.  vasomotor  fibers,  swuipuy  these  capillary  vessels,  and  break  up  into 
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elementary  fibrils,  which  form  a  network  the  vessels.'  Horsley  has  demon-, 

stmte<l'  -  <£**»»«.  «|  the  t-pirteurUini  and  tormittutii*  k 

small  spheroidal  tactile,  cwpttfeles  or  sad  bulbs  of  Krause.  These  nerve  fibers. 
Marsludl.  believe*  to  be  sensory,  awl  which  lie  has  termed  nervi  nervorum,  an-  oa- 
side  red  by  him  to  have,  an  important;  tearing  upon  certain  neuralgic  pa im. 

Thenemi  fibers,  so  far  as  is  at  present  known.  do  not  coalesce.  but  pumeau  . 
uninterrupted'  wnirse .-.from  the  center  to  the  'periphery,  In  separating  a  lent, 
however,  into  t»s  component  funiculi.  it.  may  be  :*eu  fibat  these  do  not  pun»> 
perfrctly  Insulated  eourk,  but  oeeasibrially  join:  at  a  very;  acute  angle  with  f-tiu: 
funiculi  proceeding  in  the  same  tfirectitm;  from  this,  branches  are  given  oif  tejorni 
againm like  manner  with  other  funiculi.  It  must  be  dtstighflj' ttadeftftotjd,  hornet, 
that  in  these  Communications-  the  individual  nerve  fibers  dp  not.  ooale«»*. 
merely  pass  in  to  the  sheath  of  thy  adjaeerit  nerve,  become  iiifemiixed  tilth  its  thtvr 
fibers,  and  again  pass  on  to  Intfennaigte' tvith '  the  nerve  fibers  in  some  adjoining 
funiculus. 


Nerves,  in  rherr  course*,  subdivide  into  brandies,  a  ml  these  frequently  eomihirai*-' 
pate  With  bm)iche.s  of  a  ti^^b<^ng  iieryja,  The  ybhimttnkatjons  tvhicb  tltiM  tsfc* 
place  form yvhat  is  ealjed  h  plexus.  Sometimes  h  plexus  is  formal  Hy  the  prunsr/ 
lira  riches  of  the  trunks  of  the  uerves--.'is  the  cervical,  'brachial,  lumbar,  and  mpd 
plexfifciVSy-aatl  occasionally  by  the  terminal  funiculi ,  as.  Ui  the  plexuses-  formed  a> 
flie  periphery  »>f  the  hotly.  In  the  formation  of, a. 'plexus,  the  eompoivot  nerves- 
divide,  then  join,  and  again  subdivide  in  such  a:  cpniplvx  manner  that  the  iwlmmuf 
funiculi  become  interlaced  most  intricately  ;  so  that  each  bntiieh.' leaving  »  pk‘T>-' 
may  contain  filaments  from  all  the.  primary  nervous  trirnhs  whieli  form  the  pk?p» 
in  the  formation  also  of  smaller  plexuses  at  the  periphery  of  the  body  tlwrv  < 
free  ipterehuiige  of  the  funiculi add  primitive-  libers.  Iu  each  ease,  how.vt,  the 
individual  fibers  remain  separate  and  distinct. 

It  b  pnibiibli  that  through  this  interchange  of  fibers,  every  branch  passing '>y- 
from  a  plexus  has  a  more  extensive  connection  with  the  spinal  Cord  than  if  ttr'io ' 
proceeded  •  to .  'its  distribution  without  forming  eormections  with  other  nerves- 
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Consequently  the  parts  supplied  by  these  nerves  have  more  extended  relations 
with  the  nervous  centers;  by  this  means,  also,  groups  of  muscles  may  be  associated 
for  combined  action. 

The  sympathetic  nerves  are  constructed  in  the  same  manner  as  the  cerebrospinal 
nerves,  but  consist  mainly  of  non-medullated  fibers,  collected  in  funiculi  and  enclosed 
in  sheaths  of  connective  tissue.  There  is,  however,  in  these  nerves  a  certain  admix¬ 
ture  of  medullated  fibers.  The  number  of  the  latter  varies  in  different  nerves,  and 
may  be  estimated  by  the  color  of  the  nerve.  Those  branches  of  the  sympathetic, 
which  present  a  well-marked  gray  color,  are  composed  chiefly  of  non-medullated 
nerve  fibers,  intermixed  with  a  few  medullated  fibers;  while  those  of  a  white  color 
contain  many  of  the  latter  fibers,  and  few  of  the  former. 

The  cerebrospinal  and  sympathetic  nerve  fibers  convey  various  impressions. 
The  sensory  nerves,  called  also  centripetal  or  afferent  nerves,  transmit  to  the  nervous 
centers  impressions  made  upon  the  peripheral  extremities  of  the  nerves,  and  in  this 
way  the  mind,  through  the  medium  of  the  brain,  becomes  conscious  of  external 
objects.  The  centrifugal  or  efferent  nerves  transmit  impressions  from  the  nervous 
centers  to  the  parts  to  which  the  nerves  are  distributed,  these  impressions  either 
exciting  muscular  contraction  or  influencing  the  processes  of  nutrition,  growth, 
and  secretion. 

Origins  and  Terminations  of  Nerves. — By  the  expression  “the  terminations  of 
nerve  fibers”  is  signified  their  connections  with  the  nerve  centers  and  with  the  part3 
they  supply.  The  former  are  sometimes  called  their  origins  or  central  terminations; 
the  latter  their  peripheral  terminations. 

Origins  of  Nerves. — The  origin  in  some  cases  is  single — that  is  to  say,  the  whole 
nerve  emerges  from  the  nervous  center  by  a  single  root;  in  other  instances  the  nerve 
arises  by  two  or  more  roots  which  come  off  from  different  parts  of  the  nerve  center, 
sometimes  widely  apart  from  each  other,  and  it  often  happens,  when  a  nerve  arises 
in  this  way  by  two  roots,  that  the  functions  of  these  two  roots  are  different;  as,  for 
example,  in  the  spinal  nerves,  each  of  which  arises  by  two  roots,  the  anterior  of 
which  is  motor,  and  the  posterior  sensory.  The  point  where  the  nerve  root  or 
roots  emerge  from  the  surface  of  the  nervous  center  is  named  the  superficial  or 
apparent  origin,  but  the  fibers  of  the  nerve  can  be  traced  for  a  certain  distance  into 
the  substance  of  the  nervous  center  to  some  portion  of  the  gray  matter,  which 
constitutes  the  deep  or  real  origin  of  the  nerve.  The  centrifugal  or  efferent  nerve 
fibers  originate  in  the  nerve  cells  of  the  gray  substance,  the  axis-cylinder  processes 
of  these  cells  being  prolonged  to  form  the  fibers.  In  the  case  of  the  centripetal  or 
afferent  nerves  the  fibers  grow  inward  either  from  nerve  cells  in  the  organs  of  special 
sense,  e.  g .,  the  retina,  or  from  nerve  cells  in  the  ganglia.  Having  entered  the  nerve 
center  they  branch  and  send  their  ultimate  twigs  among  the  cells,  without,  however, 
uniting  with  them. 

Peripheral  Terminations  of  Nerves. — Nerve  fibers  terminate  peripherally  in  various 
ways,  and  these  may  be  conveniently  studied  in  the  sensory  and  motor  nerves 
respectively.  The  terminations  of  the  sensory  nerves  are  dealt  with  in  the  section 
on  Sense  Organs. 

Motor  nerves  can  be  traced  into  either  unstriped  or  striped  muscular  fibers.  In 
the  unstriped  or  involuntary  muscles  the  nerves  are  derived  from  the  sympathetic, 
and  are  composed  mainly  of  non-medullated  fibers.  Near  their  terminations  they 
divide  into  numerous  branches,  which  communicate  and  form  intimate  plexuses. 
At  the  junction  of  the  branches  small  triangular  nuclear  bodies  (ganglion  cells)  are 
situated.  From  these  plexuses  minute  branches  are  given  off  which  divide  and 
break  up  into  the  ultimate  fibrillae  of  which  the  nerves  are  composed.  These 
fibrilla?  course  between  the  involuntary  muscle  cells,  and,  according  to  Elischer, 
terminate  on  the  surfaces  of  the  cells,  opposite  the  nuclei,  in  minute  swellings. 

In  the  striped  or  voluntary  muscle  the  nerves  supplying  the  muscular  fibers  are 
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derived  from  the  cerebrospmal  nervxw,  arid  an*  eompjjsed  maih'y  of  Kiteltfilatref 
.fibers,-  The  m  r'  t  ,  after  entering  tfe  sheath  of  the  muscle,  breaks  up  into  fibers  #r 
bundles  of  fibers  winch  form  plexuses,  ?»nd .gradually  divide  until,  as  a  rule,  a  single 
nerve.  fiber  enters  a  single  muscular  fiber.  Sometimes,- however,  if  the  nniM.-ulio- 
fiber  be  long,  more  then  one  nerve  fiber  bitters  it.  Within  the  muscular  liter  tbt 
nerve  terminates  in  a  spedfii  expansion,  rtiljed  by-  Kifime,  who  first  accurately 
described  it,  a.  met«t  eoe-pl&te  {Fig>$>7<b..  The  nerve  fiber, '««  approaching  the  mus¬ 
cular  fiber,  suddenly  loses utsmediiSlary  sheath,  the  nenndettotna  tXsxaries  vontinuino 
with  the  sarcolemma  of  the  mtiiscle,  and  only  the  axis-cylinder  enters  the  irsu-cuW 
fiber,  7  There  it  ar  dace  spreads  tint,  mmifyiog  like  the  roots  of  a  tree,  nriatediatriy 
beneath  the  i^rfcotetritna,  ahd  beeitihes  inibeclded  in  «  layer  of  gramilar  matter, 
containing  a  mhnber  of  clear,  oblong nuclei,  the  whole  .constituting  an  end-plate 
from  which  the  contractile  wave  of  the  (muscular  fiber  is  $auJ  to  start. 


Ftn.  f}?<\  —  fibtfta  ot  Uinr-to  virirfi*  with  ifte  tmcu&Uhioftl*  v?t  abrya?.  a  Sees  it*  profit,  P  f  Th»  *en«* 

enJ-pte^.  SiT?;  Ip.hfi  t>ru«t  of  t&o  pints,  coiwiyting  of.n  j^fsinxlaf  tiwMfs  with  &uel$?.  f?  Tfa«  satrip  in  tonfcis*  •) 

irosK  ilte  nervous  oroRabbr ^tijf  h.xcitfrhfac  tTJba  fonns  of  tho'VttrtOiMW 

buntiy  to;  ■br’:f*rf.flon»-trr 1  h\  ft  wooViout  by  BiuTnu.-ntlv  tidtsnU*  »nri  pftbr  pouter*  l<»  rupTf.rJuee  rorr^J.v  xr^at  svi*cVw 
jiaitirc  )  .Tbc  xunit:  ««.  sevn  two  boar*  Hf.ter  ifo&th  irvru  poitfemin^  by  Cumr*?. 


G&iigUa  arc  sjjuill  aggregotions  of  nerve  cells.  Thor  arc  found  on  the  posterior 
roots  of.  the  spinal  times;  on  the*,  .sensory  hadfe  of  the  trigeminal,  faohdy 
phar^iigera},  .aadvagas  nerves,  and  on  the  acoustic  nerves.  They  are  also  found  in 
{mmertion  with  the  sympathetic  nerves.  On  section  they  are  stfea  to  con  i  t  | 
reddish-gray  substance*  traversed .  bv  iimnerovu  wMte  nerve  fikis;  ttey 
ssdcrably  in  form  and  size;  the  largest  are  found  In  the  cavity  of  die  ahdnmin: 
the  smallest;  not  visible  to  the  naked  eye..- exist ' in:  consh  Wa Me  mimhers’;up*n  ;'tfe 
nerves'  distributed  to  the  different  \dseera>  Each  ganglion  is  invested  by  .« 
and  firm,  closely  adhering,  membranous  envelope,  consisting  of  dense  an-^b*' 
tissue;  tins  siien t  li  :is  Vontinuons  with  the  perineurium  -  of  the  .-  nerve*,  and  >*n*.b 
luurierous  processes  into  the  interior  to  support  the  bloo* I vessels  so pplyi og  1  & 
siibstonce,  of  the  gunglkm. 

in  structure  all  gaiigliaaie  essentially  similar,  consisting  of  .the  same  oroemrik 
tdemenkv—  vi&i  nerve  fiheny  Each  nen  e  cell  has  a  nucleated  Mhfcdh 

vrhndi  B  eont$i^^  ftetye  filsei  which  tW  & 

connected.  The  rfctve  <c)is  in  the  ganglia  of  the  spinal  nerves  ( Fig.  *>7? »  r-m  pyri¬ 
form  in  shape,  and  have  caeli  a  single  probvss,  A  short  dkonc*1  she yvfl  ami 

while  still  within  the  ganglion  this  process  divides  in  a  T-skped  imun-r't,  -on*- 
limb  of  the  eros^har  turtung  into  the  inedtilla .  spinalis,  the  other  limb  pa-sin^  ^ut- 
ward  to  the  periphery,  tn  the  s>  mpatiictic  ganglia  (Fig;  b?8)  the  uenv  fills  zr* 
multipniar  and  each  has  one  axis-cylinder  prowsi  and  several  flendrbnK;  the  ^xm 
emerges,  frofiti-  tJte  gangh^ti  os  u  lion-meduJiated  hen^e  fiber.  Sim’ilar  apdouad 
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in  the  ganglia  ‘rorineterid  witlitjbe  tri<re«i»i«l  -irate*  and  these  ganglia  sre  tfercf ore. 
weanlcd  as  eternal  portions  of  tile  sympathetic  system.  The.  \vtnpatheiife 
urn-cms -system  iuetedte  those  portions  of  the  nervous  roeeba nbrn  in  which  a  rued  ul- 
Ut'il  nerve  JiW  from  the-  central  System  pusses  to  a  ganglion.  sjympat.faetfc  or 
|#i|)h?ral>  from  which  fibers,  usually  non-medullated,  are  distributed  So  stteli 


tui,  &7* .  t#cVou  vjf  suoml  puaglion  of  irahl>i<u  A  'X  30."..  'jo;-  L&tge  clwr  oerv#  wll,  b* 

tf-fewt  AwpHj:'  fifsrve-  r«U.  r  •  Wuctei  of  c&p«ute  X  TbVlvtmi  ^  to©  *?oat*r  point  Ut  the  com*ipocuimg 

.tetu s*a«lion .  :-  ■  .  -i  •  *  "  •  x  '*  *'\  ‘  ‘  '  - 


MdirtUtes. g.t  bloodvessels,  as  are  not  under  vplinitiiry  wmfcrol  The  spinal  arid 
o  mpatbctic  ganglia  differ  somewhat  in  the  site  noil  disposition  of  the  'ceils  ami  in 
die  number  of  nerve  fibers  entering  arid  leaving  them.  In  the  spinal  ganglia  (Fig. 
1 7T  »!)*•  nerve  evils. ate  much  larger  and  for  the  most  part  collected  in  groups  near 
tin-  periphery.,  while  the  fibers,  which  ji.re  mostly  medullated,  traverse  the  central 
(sirtion  of  the  ganglion;  whereas  in 
it**.'  syrnpatbeticgangliia  (Fig.  (i781 
the  cells  are ystunikr  and  distributed  j. 

if;  irregtilar  groups  throughout  the  JR 
"ahriie  gaivglioti;  tfte  titers  also  are 
e-v-..!;>ciy  scattered;  some  of  the  jvpy 
eBK-rteg  i>ri*es  art-  rpvduliated.  while  f I-yi*? 
t'un.y  of  those  leaving  the  ganglion  ||||| 
ajreuon-mcdullatcd. 

Neuron  Theory, 


Jfcw+wli*  yf m  wfl  ton 


and  its  processes  collectivefy  con¬ 
stitute  ulmt  is  termed  a  neuron,  arid 
'Vaidt‘jer  formulated  the:  theory 
that  the.-  nervous  system  is  built  rip 
»f  numerous  neurons;  ‘‘anatomically 
and  gcunSit.'alfj,;  independent  'iff  one 
Wriothete'  According  to  ihistheOrt 
Mfitmi  '  th*i>ry)  the  processes  of 
one  .tveitfcwi  only  come  into  com 
ttet.  arid  ate  n«Ver  in  direct/ pun- 
te.iiir- .  with  thosri  of  other  mm- 


Tran«*ve*9c  yo^tipu  nf  oyteij.ulhoirc  tsatiRlJn'u  of  o»t 
A  G,p4ijf>ir>Tt  tftJiQt  a  A.  uecvte  ceil .  >>, 


cel]  to  another  through, 
.etintwt,  the  *v impses.  Ttai  synapse  or  frynapfcte  roetaforarae 
to  oorvou*  t< «  pass  in  one  direction  ouly,  naniciv,  from  Uuv  tcnniiuibv. 
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of  the  axis-cylinder  to  the  dendrons.  This  theory  is  based  on  the  following  facts, 
viz. :  (1)  embryonic  nerve  cells  or  neuroblasts  are  entirely  distinct  from  one  another; 
(2)  when  nervous  tissues  are  stained  by  the  Golgi  method  no  continuity  is  seen  even 
between  neighboring  neurons;  and  (3)  when  degenerative  changes  occur  in  nervous 
tissue,  either  as  the  result  of  disease  or  experiment,  they  never  spread  from  one 
neuron  to  another,  but  are  limited  to  the  individual  neurons,  or  groups  of  neurons, 
primarily  affected.  It  must,  however,  be  added  that  within  the  past  few  years  the 
validity  of  the  neuron  theory  has  been  called  in  question  by  certain  eminent  histol¬ 
ogists,  who  maintain  that  by  the  employment  of  more  delicate  histological  methods, 
minute  fibrils  can  be  followed  from  one  nerve  cell  into  another.  Their  existence, 
however,  in  the  living  is  open  to  question.  Mott  and  Marinesco  made  careful 
examinations  of  living  cells,  using  even  the  ultramicroscope  and  agree  that  neither 
Nissl  bodies  nor  neurofibrils  are  present  in  the  living  state. 

For  the  present  we  may  look  upon  the  neurons  as  the  units  or  structural  elements 
of  the  nervous  system.  All  the  neurons  are  present  at  birth  which  are  present  in 
the  adult,  their  division  ceases  before  birth;  they  are  not  all  functionally  active 
at  birth,  but  gradually  assume  functional  activity.  There  is  no  indication  of  any 
regeneration  after  the  destruction  of  the  cell-body  of  any  individual  neuron. 

Fasciculi,  tracts  or  fiber  systems  are  groups  of  axons  having  homologous  origin 
and  homologous  distribution  (as  regards  their  collaterals,  subdivisions  and  ter¬ 
minals)  and  are  often  named  in  accordance  with  their  origin  and  termination,  the 
name  of  the  nucleus  or  the  location  of  the  cell  body  from  which  the  axon  or  fiber 
arises  preceding  that  of  the  nucleus  or  location  of  its  termination.  A  given  topo¬ 
graphical  area  seldom  represents  a  pure  tract,  as  in  most  cases  fibers  of  different 
systems  are  mixed. 

THE  MEDULLA  SPINALIS  OR  SPINAL  CORD. 

The  medulla  spinalis  or  spinal  cord  forms  the  elongated,  nearly  cylindrical,  part 
of  the  central  nervous  system  which  occupies  the  upper  two-thirds  of  the  vertebral 
canal.  Its  average  length  in  the  male  is  about  45  cm.,  in  the  female  from  42  to  43 
cm.,  while  its  weight  amounts  to  about  30  gms.  It  extends  from  the  level  of  the 
upper  border  of  the  atlas  to  that  of  the  lower  border  of  the  first,  or  upper  border 
of  the  second,  lumbar  vertebra.  Above,  it  is  continuous  with  the  brain;  below,  it 
ends  in  a  conical  extremity,  the  conus  medullaris,  from  the  apex  of  which  a  delicate 
filament,  the  filum  terminal©,  descends  as  far  as  the  first  segment  of  the  coccyx 
(Fig.  679).  # 

The  position  of  the  medulla  spinalis  varies  with  the  movements  of  the  vertebral 
column,  its  lower  extremity  being  drawn  slightly  upwrard  when  the  column  is 
flexed.  It  also  varies  at  different  periods  of  life;  up  to  the  third  month  of  fetal 
life  the  medulla  spinalis  is  as  long  as  the  vertebral  canal,  but  from  this  stage  onward 
the  vertebral  column  elongates  more  rapidly  than  the  medulla  spinalis,  so  that  by 
the  end  of  the  fifth  month  the  medulla  spinalis  terminates  at  the  base  of  the  sacrum, 
and  at  birth  about  the  third  lumbar  vertebra. 

The  medulla  spinalis  does  not  fill  the  part  of  the  vertebral  canal  in  which  it  lies; 
it  is  ensheathed  by  three  protective  membranes,  separated  from  each  other  by  two 
concentric  spaces.  The  three  membranes  are  named  from  without  inward,  the 
dura  mater,  the  arachnoid,  and  the  pia  mater.  The  dura  mater  is  a  strong,  fibrous 
membrane  which  forms  a  wide,  tubular  sheath ;  this  sheath  extends  below  the  ter¬ 
mination  of  the  medulla  spinalis  and  ends  in  a  pointed  cul-de-sac  at  the  level  of  the 
lower  border  of  the  second  sacral  vertebra.  The  dura  mater  is  separated  from  the 
wall  of  the  vertebral  canal  by  the  epidural  cavity,  which  contains  a  quantity  of  loose 
areolar  tissue  and  a  plexus  of  veins;  between  the  dura  mater  and  the  subjacent 
arachnoid  is  a  capillary  interval,  the  subdural  cavity,  which  contains  a  small  quan- 
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tiiy  of  fluid,  probably  of  the  nature  of  ly  mph.  The  arachnoid  is  a  thin,'  transparent 
jibeath';  separated  from  the  pia  mater  by  a  comparatively  wide  interval,  thy  shjb- 
arachnoid  cavity,  which  is  filled  with  The  pia  mater 

invests  the  medulla  spinalis-and  sends  deSk^te  Septa  faio  its  substance;  a  narrow, 
hand,  the  ligamenttim  denticulatum,  extends  aloiiff  CKeb  of  its  lateral  surfaces  and 
is  attached  by  a  series  of  pointed  processes  to  t  he  inner  surface  of  the  dura  mstter. 

Thirty -one  pairs  of  spitud  ne  rv  es  spring  from  the  m'fcdoila  spinalis,  each  nerve 
having  an  anterior  or  ventral,  and  a  posterior  or  dorsal  root,  the  latter  being  dis- 
tinguishwi  by  the  presence  of  an  oval  swelling, 

the  spinal  ganglion,  v»  hich  tohtains  numerous  ; 

nerve  cells.  Each  root  consists  of  several  ; 

bundles  of  nerve  fibers,  and  at  its  attachment  '  W  JPv®| 

extends  for  some  distance  along  the  side  of  \ 1  ,■  -tferiSg  WSjm *" 
the  medulla  spinalis.  The  pairs  of  spinal 
nerves  are.  grouped  as  follows:  cervical  8,  -vC.... 

thoracic  U2,  lunibar  5,  sacral  3,  coccygeal  I,  iV 

and.  for  convenience  of  description,  the  ''t- 
Wednfla  ,'jpiuahs  is  ifivided  into  cervical,  ' 

thoracic,  hiatlKir  and  sacral  regions,  corre-  iQ*g  '3&j& 

spondmg  wit  ji  t  he  attachments- of  the  different 
gnnjp-:  cd  nerves. 

Although  rut  trace  of  transverse  segmen¬ 
tation  is  visible  on  the  surface  of  the  raedulla 
Spinalis,  it  is.  convenient  to  regard  It  as  being 
built  up  of  a  series  of  superimposed  spina] 

Sagmentt  or  neuromam,  each  wf  which  has 
a  length  ebiliviileijt  to  the  extent  of  attach¬ 
ment of  a  pair  of  spinal  nerves,  £mcv  the  ex¬ 
tent  of  attachment  of  the  sUtyessive  pairs  of 
nerves  varies  in  different  parts,  it  follows  that 
the  spinal  segments  are  of  varying  lengths; 
thus,  in  the  cervical  region  they  average  about, 
hi  mm.,  in  the  raid-thoracic  region  about  2ti 
in®.,  while  in  the  lumbar  and  sacral  regions 
they  diraiutsb  rapidly  from  about  15  ram,  at 
the  level  of  the  first  pair  of  lumbar  nerves  to 
about  4  mm.  opposite  the  attachmejits  of  the 
lower  sacral  nerves. 


Fla  670, — Sa«utttl  *e<rlioa  of  vertebral  canal 
I#  a£ow  tho  lower  end  of  the  jnedullu  apinalid 
and  terminals.  Lit  Ln.  First  and  fifth 

iiirnhd*  %w«brit.  Sui  Second  ao era l  vertebra. 
!•.  Dura  xnater.  2,  Lower  part  of  tube  of 
ilur»  matkr.  3.  UiWvr  of  niMulJa 

spsivaifs.  4>.  fttleadornl,  nud  5.  Gxtntdcrn?  por- 
Ucf/ift  of  fU« »»..  tenjHj'rfih;  ,&.■  Attachment 
Of  filmn  t4?m>iflaje  tty  ftrs»t  w igiupnt  of  fooriyji. 


■*tafcr:itl  nerves. 

As  a  ■•■t/oswpjcoct?  of  the  reintiv  e  inequality 
in  the  raps  of  growth  of  the  miedbilft  spinalis 
trad  vyrpjbraT  column,  the  ueryc  roots,  which 
&  the early  erabt'yp  parsed  fransvtwaely  oute 
•v:-vot  'to  reach  their  respective  intervertebral  fonimitm,  become  more  and  more 
oblique' in  direeihni [’.from  above  downward.  St)  that  the  lumbar  a'«l  sacra  I  nerves 
descend  almost  vertically  to  reach  their  points  of  exit.  From  (lie  appearance  these 
Wem-s  present -at  their  attachment  to  the  medulla,  spinalis  and  from  their  great 
hisgtb  they  are ' collectively  termed; the  t&nda  equina  (Fig.  two), 

yhe  filtun  terminate  is  a  delfeue  filsuneat, , about  2(1  cm,  lift  length,  prolonged 
•dnwnaairi  from  the  apex  of  the  conns  uicdtdh'iris.  It  consists  of  two  parts,  an  upper 
and  n  haver.  The  upper  part.  or  filum  teruiinaEte  internum,  measures  about  15  cm. 
in  length  and  reaches  as  far  as  thy  iotygr  border  of  tin-  second  >«grid  vertpljpi.c  It 
is  contained  wit  hot  the  tubular  sheath  of  dura  tnau-r,  ami  is  surrounded  by  the 
nerves  forming  the  cauda  equina,  from  w  iiieh  .it.  can  'lye  readily,  recognized  by  its 
bluuL-tvlute  color,  The  Tower  part  ,  or  thioir  terminate  externum,  is  closely  invested 


iTecWf,} 


NEUROLOGY 


by,  and  is  adherent  to,  the  dura  mater;  it.  extends  downward  the  ti{)ev  c»f  the 
tubular  sheath  and  is  attached  to  the  hack  of  the  first  segment  .of  the  coccyx. 
The  lifuaj  tmninnle eoosiste  mainly  of  .  - '  "  C  • 

fibrous  tissue,  continuous  above  with 
tha  t  of  the  pia  mater  .  Adhering  to  its 
outersurfaee, huwevervarea  few  strands 
of  neyctyfibers  wiiieJi  probably  represent 
.ru^ioidS^Alryy^oBid  ahd  third  coCco  geaf 
nerves;  fiirtlier,  the  central  canal  of  the 
medulla  spinalis  extends  downward  into 
it  for  5  pt  b  <-nn 

Sclargenseats^-  The  nie»i.«Ua  ipinalis 
is  not  quite  eyliudtjcaf .  being  slightly 
flattened  from  before  backward:  it  also 
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presents  two  swellings  or  enlargements,  an  upper  or  cervical,  and  a  lower  or  lumbar 
(Fig.  081). 

The  cervical  enlargement  is  the  more  pronounced,  and  corresponds  with  the  attach¬ 
ments  of  the  large  nerves  which  supply  the  upper  limbs.  It  extends  from  about 
the  third  cervical  to  the  second  thoracic  vertebra,  its  maximum  circumference 
(about  38  inm.)  being  on  a  level  with  the  attachment  of  the  sixtli  pair  of  cervical 
nerves. 

The  lumbar  enlargement  gives  attachment  to  the  nerves  which  supply  the  lower 
limbs.  It  commences  about  the  level  of  the  ninth  thoracic  vertebra,  and  reaches 
its  maximum  circumference,  of  about  33  mm.,  opposite  the  last  thoracic  vertebra, 
below  which  it  tapers  rapidly  into  the  conus  medullaris. 

Fissures  and  Sulci  (Fig.  682). — An  anterior  median  fissure  and  a  posterior 
median  sulcus  incompletely  divide  the  medulla  spinalis  into  two  symmetrical 
parts,  which  are  joined  across  the  middle  line  by  a  commissural  band  of  nervous 
matter. 

Posterior  median  sulcus 

f  ---g  L  Posterior  median  septum 

Posterior 
tuny  roots 


posUro-laHnd  suicus 


Posterior 

column 

mk .  . 


Famnatio 
'rtiievl&fis 
t  Lateral 
column 


111 


Anterior 

roiuiHti 


% -Ulterior  molnin  fimurt 

Figl  6S2. — Transverfl©  section  of  the  medulla  spinalis  in  the  mid-thoracic  region. 


Anterior  nofvc  tools 


The  Anterior  Median  Fissure  (fissura mediatm  anterior )  has  an  average  depth  of 
about  3  mm.,  but  this  is  increased  in  the  lower  part  of  the  medulla  spinalis.  It 
contains  a  double  fold  of  pia  mater,  and  its  floor  is  formed  by  a  transverse  band 
of  white  substance,  the  anterior  white  commissure,  which  is  perforated  by  blood¬ 
vessels  on  their  way  to  or  from  the  central  part  of  the  medulla  spinalis. 

The  Posterior  Median  Sulcus  (sulcus  median  us  posterior)  is  very  shallow;  from  it 
a  septum  of  neuroglia  reaches  rather  more  than  half-wav  into  the  substance  of  the 
medulla  spinalis;  this  septum  varies  in  depth  from  4  to  6  mm.,  but  diminishes 
considerably  in  the  lower  part  of  the  medulla  spinalis. 

On  either  side  of  the  posterior  median  sulcus,  and  at  a  short  distance  from  it, 
the  posterior  nerve  roots  are  attached  along  a  vertical  furrow  named  the  postero¬ 
lateral  sulcus.  The  portion  of  the  medulla  spinalis  which  lies  between  this  and  the 
posterior  median  sulcus  is  named  the  posterior  funiculus.  In  the  cervical  and  upper 
thoracic  regions  this  funiculus  presents  a  longitudinal  furrow,  the  postero-inter- 
medi&te  sulcus;  this  marks  the  position  of  a  septum  which  extends  into  the  posterior 
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funiculus  and  subdivides  it  into  two  fasciculi — a  medial,  named  the  fasciculus 
gracilis  {tract  of  Goll);  and  a  lateral,  the  fasciculus  cuneatus  {tract  of  Burdock) 
(Fig.  690).  The  portion  of  the  medulla  spinalis  which  lies  in  front  of  the  postero¬ 
lateral  sulcus  is  termed  the  antero-lateral  region.  The  anterior  nerve  roots,  unlike 
the  posterior,  are  not  attached  in  linear  series,  and  their  position  of  exit  is  not 
marked  by  a  sulcus.  They  arise  by  separate  bundles  which  spring  from  the  anterior 
column  of  gray  substance  and,  passing  forward  through  the  white  substance, 
emerge  over  an  area  of  some  slight  width.  The  most  lateral  of  these  bundles  is 
generally  taken  as  a  dividing  line  which  separates  the  antero-lateral  region  into 
two  parts,  viz.,  an  anterior  funiculus,  between  the  anterior  median  fissure  and  the 
most  lateral  of  the  anterior  nerve  roots;  and  a  lateral  funiculus,  between  the  exit 
of  these  roots  and  the  postero-lateral  sulcus.  In  the  upper  part  of  the  cervical 
region  a  series  of  nerve  roots  passes  outward  through  the  lateral  funiculus  of  the 
medulla  spinalis;  these  unite  to  form  the  spinal  portion  of  the  accessory  nerve, 
which  runs  upward  and  enters  the  cranial  cavity  through  the  foramen  magnum. 


White  matter.  — . . Gr»y  matter.  - Entire  section. 


The  Internal  Structure  of  the  Medulla  Spinalis. — On  examining  a  transverse 
section  of  the  medulla  spinalis  (Fig.  682)  it  is  seen  to  consist  of  gray  and  white 
nervous  substance,  the  former  being  enclosed  within  the  latter. 

Gray  Substance  {substantia  grisea  centralis). — The  gray  substance  consists  of 
two  symmetrical  columns,  one  in  each  half  of  the  medulla  spinalis:  these  are 
joined  across  the  middle  line  by  a  transverse  commissure  of  gray  substance,  through 
which  runs  a  minute  canal,  the  central  canal,  just  visible  to  the  naked  eye.  In  a 
transverse  section  each  half  of  the  gray  substance  is  shaped  like  a  comma  or 
crescent,  the  concavity  of  which  is  directed  laterally;  and  these,  together  with 
the  intervening  gray  commissure,  present  the  appearance  of  the  letter  H.  An 
imaginary  coronal  plane  through  the  central  canal  serves  to  divide  each  crescent 
into  an  anterior  or  ventral,  and  a  posterior  or  dorsal  column. 

The  Anterior  Column  {columna  anterior ;  anterior  cornu),  directed  forward,  is 
broad  and  of  a  rounded  or  quadrangular  shape.  It  is  separated  from  the  surface 
of  the  medulla  spinalis  by  a  layer  of  white  substance  which  is  traversed  by  the 
bundles  of  the  anterior  nerve  roots.  In  the  thoracic  region,  the  postero-lateral 
part  of  the  anterior  column  projects  lateralward  as  a  triangular  field,  which  is 
named  the  lateral  column  {columna  lateralis ;  lateral  cornu). 

The  Posterior  Column  {columna  posterior ;  posterior  cornu)  is  long  and  slender, 
and  is  directed  backward  and  laterward:  it  reaches  nearly  to  the  postero-lateral 
sulcus,  from  which  it  is  separated  by  a  thin  layer  of  white  substance,  the  tract  of 
Lissauer.  The  posterior  apex  is  capped  by  a  V-shaped  or  crescentic  mass  of  trans¬ 
lucent,  gelatinous  neuroglia,  termed  the  substantia  gelatinosa  of  Rolando,  which 
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on  tains  both  neuroglia  •  wins;  .and ■  siu»ll  •  nerve  veils, 
posterior  columns  the  gray  substance  mends  as  a 
lateral  funieultis.,  to  form  u  net-w<jrkual|ed  t%  far- 
matio  retictiiaris.  '  'Af  •  \ 

The  quantity  of  gray  substance,  as  well  a,ytl>e?orft( 
wiueh'it  presents  oft  tra«sy&r^‘.$t;ct£OJ>,  varies'  mark¬ 
edly  of  different  levels.  In  the  thoracic  region  it  is 
small,  nut  only  in  amount  but  relatively  to  the  sitr- 
K'tniiUng  white. substance.  In  the  cervical,  unit  lum¬ 
bar  enlargement*  it  is  greatly  increased ; fit  the  latter, 
especially  in  the  coteUs  teeduliitrts,  its  proportion 
to  the  white  Substance  is  greatest  (Tig.  683).  In 
the  cervical  tegioti  its  posterior  ehlutnn  is  compara¬ 
tively  narrow.  while  its  anterior  is  broad  and  es> 
pandtd;  in  the  thoracic  •  region,  both  columns  are 
.•utemmed,  and  the  lateral  column  is  evident;  in 
the  lumbar  enlargement,  both  are  expanded;  while 
in  the  conus  rnedullaris  the  grity  substance  assumes 
the  form  of  two  oval  masses,  one  in  each  naif  of  the 
cord,  corinecteti  together  jfwiti  broad  gray  commissure. 

The  Central  Canal  (cumi  ia  cei/frolt-s)  runs  through¬ 
out  the  entire  length  of  the  tried  ul  1  a  spinalis.  The 
portion  of  gray  substance  in  front  of  the  canal  is 
named  the  anterior  fray  commissure;  that  behind  it, 
the  posterior  fray  commissure.  The  former  is  thin, 
and  is  in  contact  anteriorly  with  the  anieifor  white 
roinnussiire:  it  contains  a  couple  of  longitudinal 
veins,  one  on  either  side  of  the  middle  line.  The 
posterior  gray  commissure  reaches  from  the  central 
ana)  to  the  posterior  .median  septum,  and  is  thin¬ 
nest  in  the  thoracic  region,  and  thickest  in  the  conus 
medulla  ri*.  The  central  canal -is  continued  upward 
through  the  lower  part  of  the  nried  alia  oblongata,  and 
opens  into  the  fourth  ventricle  of  the  brain;  below, 
it  reaches  for  a  short  distance  into  the  filum  termi- 
nah-.  In  the  lower  part  of  the  conus  rnedullaris  it 
exhibits -a  fusiform  dilatation,  the  terminal  ventricle; 
this-  has  a  vertical  measurement  of  from  8  to  10 
mm.,  is  triangular  on  cross-section  with  its  base 
directed  forward,  and  tends  to  u ndergy  oblit  vruti o n 
affeF  the  age  of  firrty  years.  It  is  tilled  with  cvrebrre 
. spinal  fluid,  god  iiued  by  cilistetl,  eolttjivaaj epithe¬ 
lium,  outside  of  which  j$  an  encircling  band  >>f:  gela¬ 
tinous  substance,  the  substantia  gelatinosa  centralis. 
This  gelatinous  substance  consists  Uifeinly  of  neuro¬ 
glia.  but  contains  a  few  nerve  cells  and  fibers;  it  is 
.  traversed  by  processes  From  the  deep  ends  of  the 
columnar  ciliated  cells  which  line  the  central  canal 

(  Fig.  hS5). 

Structure  of  the  Gray  Substance.~-T'he  gray  substance 
consists  of  numerous  nerve  cells  and  nerve  fibers  held 
tiKiether  by  neuroglia.  Throughout  the  greater  part 
of  the  gray  substance  the  neuroglia  presents  the  ap¬ 
pearance  of  a  sponge-like  net-work,  blit  around  the 


Between  the  anterior  and 
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central  canal  and  on  the  apices  of  the  posterior  columns  it  consists  of  the  gela¬ 
tinous  substance  already  referred  to.  The  nerve  cells  are  multipolar,  and  van 
greatly  in  size  and  shape.  They  consist  of  (1)  motor  cells  of  large  size,  which 
are  situated  in  the  anterior  horn,  and  are  especially  numerous  in  the  cervical 
and  lumbar  enlargements;  the  axons  of  most  of  these  cells  pass  out  to  form  the 
anterior  nerve  roots,  but  before  leaving  the  white  substance  they  frequently 
give  oft'  collaterals,  which  reenter  and  ramify  in  the  gray  substance.1  (2)  Cells 
of  small  or  medium  size,  whose 
axons  pass  into  the  white  matter, 
where  some  pursue  an  ascending, 
and  others  a  descending  course,  but 
most  of  them  divide  in  a  T-shape 
manner  into  descending  and  ascend¬ 
ing  processes.  They  give  off  col- 
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Fig.  — Cells  of  medulla  spinalis  Pisgratti  tfipwu* 

in  longitudinal  section  the  intersegmentai  neuron*  p!  tfc* 
medulla  spinalis.  The  grav  and  white  part*  c'.nw  ri 
respectively  to  the  gray  and  whit*  substance  of  ibetowali* 
spinalis.  (Poirier.) 


distant  segments.  These  cells  and  their  processes  constitute  a  series  of  association 
or  intersegmental  neurons  (Fig.  086),  which  link  together  the  different  parts  of 
the  medulla  spinalis.  The  axons  of  most  of  these  cells  are  confined  to  that  side 
of  the  medulla  spinalis  in  which  the  nerve  cells  are  situated,  but  some  cross  to  the 
opposite  side  through  the  anterior  commissure,  and  are  termed  crossed  commissars! 
fibers.  Some  of  these  latter  end  directly  in  the  gray  substance,  while  others  enter 
the  white  substance,  and  ascend  or  descend  in  it  for  varying  distances,  before  finally 
terminating  in  the  gray  substance.  (3)  Cells  of  the  type  II  of  Golgi,  limited  for  the 
most  part  to  the  posterior  column,  are  found  also  in  the  substantia  gelatinosaof 
Rolando;  their  axons  are  short  and  entirely  confined  to  the  gray  substance,  in  which 

*  tanhossek  add  Cftjal  found  that  id  the  chick  embryo  the  axons  of  a  few  of  these  nerve  colls  passed  backward 
the  posterior  column,  and  emerged  tv*  the  motor  fiber*  of  the  posterior  nerve  roots.  These  fibers  are  said  to  ea&vroi  «** 
peristaltic  movements  of  the  intestine.  Their  presence,  in  man,  has  not  yet  been  determined. 
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they  break  up  into numerous  fine  filaments.  Most  of  the  nervecetls  are  Armnsetl  in 
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S2,  S3  and  S4  (Bruce).1  Behind  it  is  the  postero-medial  column  of  small  cells,  which 
is  not  represented  in  L5,  SI,  S2  nor  below  S4.  Its  axons  probably  pass  into  the 
dorsal  rami  of  the  spinal  nerves  to  supply  the  dorsal  musculature  of  the  spinal 

column.  In  the  cervical  and  lumbar 


Flo.  689. — Transverse  sections  of  the  medulla  spinalis  at 
different  levels  to  show  the  arrangement  of  the  principal  cell 
columns. 


enlargements,  where  the  anterior 
column  is  expanded  in  a  lateral  direc¬ 
tion,  the  following  additional  col¬ 
umns  are  present,  viz.:  (a)  antero¬ 
lateral,  which  consists  of  two  groups, 
one  in  C  4,  C  5,  C  6  the  other  in  C  6, 
C7,  C8  in  the  cervical  enlargement 
and  of  a  group  from  L2  to  S2  in 
the  lum bo-sacral  enlargement;  (6) 
postero-lateral,  in  the  lower  five  cer¬ 
vical,  lower  four  lumbar,  and  upper 
three  sacral  segments ;  (c)  post-postero- 
lateral,  in  the  last  cervical,  first  tho¬ 
racic,  and  upper  three  sacral  seg¬ 
ments;  and  (d)  a  central,  in  the  lower 
four  lumbar  and  upper  two  sacral 
segments.  These  cell  groups  are  evi¬ 
dently  related  to  the  nerve  roots  of 
the  brachial  and  sacral  plexuses  and 
supply  fibers  to  the  muscles  of  the 
arm  and  leg.  Throughout  the  base 
of  the  anterior  column  are  scattered 
solitary  cells,  the  axons  of  some  of 
which  form  crossed  commissural 
fibers,  while  others  constitute  the 
motor  fibers  of  the  posterior  nerve 
roots.  (See  footnote,  page  760.) 

Nerve  Cells  in  the  Lateral  Column. 
— These  form  a  column  which  is 
best  marked  where  the  lateral  gray 
column  is  differentiated,  viz.,  in  the 
thoracic  region;2  but  it  can  be  traced 
throughout  the  entire  length  of  the 
medulla  spinalis  in  the  form  of 
groups  of  small  cells  which  are  situ¬ 
ated  in  the  anterior  part  of  the 
formatio  reticularis.  In  the  upper 
part  of  the  cerv  ical  region  and  lower 
part  of  the  medulla  oblongata  as 
well  as  in  the  third  and  fourth  sac¬ 
ral  segments  this  column  is  again 
differentiated.  In  the  medulla  it  is 
known  as  the  lateral  nucleus.  The 
cells  of  this  column  are  fusiform  or 
star-shaped,  and  of  a  medium  size: 
the  axons  of  some  of  them  pass  into 

1  Topographical  Atlas  of  the  Spinal  Cord,  1901. 

*  According  to  Bruce  and  Pirie  (B.  M.  J..  Novem¬ 
ber  17.  1906)  this  column  extends  from  the  middle 
of  the  eighth  cervical  segment  to  the  lower  part  of 
the  second  lumbar  or  the  upper  part  of  the  third 
lumbar  segment 
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the  anterior  nerve  roots,  by  which  they  are  carried  to  the  sympathetic  nerves: 
they  constitute  the  white  rami  and  are  sympathetic  or  visceral  efferent  fibers;  they 
are  also  known  as  preganglionic  fibers  of  the  sympathetic  system;  the  axons  of  others 
pass  into  the  anterior  and  lateral  funiculi,  where  they  become  longitudinal. 

Nerve  Cells  in  the  Posterior  Column. — 1.  The  dorsal  nucleus  (nucleus  dorsalis;  col¬ 
umn  of  Clarke)  occupies  the  medial  part  of  the  base  of  the  posterior  column,  and 
appears  on  the  transverse  section  as  a  wrell-defined  oval  area.  It  begins  below 
at  the  level  of  the  second  or  third  lumbar  nerve,  and  reaches  its  maximum  size 
opposite  the  twelfth  thoracic  nerve.  Above  the  level  of  the  ninth  thoracic  nerve 
its  size  diminishes,  and  the  column  ends  opposite  the  last  cervical  or  first  thoracic 
nerve.  It  is  represented,  however,  in  the  other  regions  by  scattered  cells,  which 
become  aggregated  to  form  a  cervical  nucleus  opposite  the  third  cervical  nerve, 
and  a  sacral  nucleus  in  the  middle  and  lower  part  of  the  sacral  region.  Its  cells 
are  of  medium  size,  and  of  an  oval  or  pyriform  shape;  their  axons  pass  into  the 
peripheral  part  of  the  lateral  funiculus  of  the  same  side,  and  there  ascend,  prob¬ 
ably  in  dorsal  spinocerebellar  (direct  cerebellar)  fasciculus.  2.  The  nerve  cells  in  the 
substantia  gelatinosa  of  Rolando  are  arranged  in  three  zones:  a  posterior  or  margi¬ 
nal,  of  large  angular  or  fusiform  cells;  an  intermediate,  of  small  fusiform  cells;  and 
an  anterior,  of  star-shaped  cells.  The  axons  of  these  cells  pass  into  the  lateral 
and  posterior  funiculi,  and  there  assume  a  vertical  course.  In  the  anterior  zone 
some  Golgi  cells  are  found  whose  short  axons  ramify  in  the  gray  substance.  3. 
Solitary  cells  of  varying  form  and  size  are  scattered  throughout  the  posterior 
column.  Some  of  these  are  grouped  to  form  the  posterior  basal  column  in  the  base 
of  the  posterior  column,  lateral  to  the  dorsal  nucleus;  the  posterior  basal  column 
is  well-marked  in  the  gorilla  (Waldeyer),  but  is  ill-defined  in  man.  The  axons  of 
its  cells  pass  partly  to  the  posterior  and  lateral  funiculi  of  the  same  side,  and 
partly  through  the  anterior  white  commissure  to  the  lateral  funiculus  of  the 
opposite  side.  Golgi  cells,  type  II,  located  in  this  region  send  axons  to  the  lateral 
and  ventral  columns. 

A  few  star-shaped  or  fusiform  nerve  cells  of  varying  size  are  found  in  the  sub¬ 
stantia  gelatinosa  centralis.  Their  axons  pass  into  the  lateral  funiculus  of  the 
same,  or  of  the  opposite  side. 

The  nerve  fibers  in  the  gray  substance  form  a  dense  interlacement  of  minute 
fibrils  among  the  nerve  cells.  This  interlacement  is  formed  partly  of  axons  which 
pass  from  the  cells  in  the  gray  substance  to  enter  the  white  funiculi  or  nerve  roots; 
partly  of  the  axons  of  Golgi’s  cells  which  ramify  only  in  the  gray  substance;  and 
partly  of  collaterals  from  the  nerve  fibers  in  the  white  funiculi  which,  as  already 
stated,  enter  the  gray  substance  and  ramify  within  it. 

White  Substance  (substantia  alba). — The  white  substance  of  the  medulla  spinalis 
consists  of  nerve  fibers  imbedded  in  a  sponge-like  net-work  of  neuroglia,  and  sur¬ 
rounded  by  a  thin  tough  layer  of  neuroglia,  the  glial  sheath,  which  lies  beneath  the 
pia  mater  and  dips  into  the  cord  along  with  it.  Both  medullated  and  non-medul- 
lated  fibers  exist  in  great  numbers.  The  former  vary  greatly  in  thickness,  the  smallest 
being  found  in  the  fasciculus  gracilis,  the  tract  of  Ussauer,  and  inner  part  of  the 
lateral  funiculus;  while  the  largest  are  situated  in  the  anterior  funiculus,  and  in  the 
peripheral  part  of  the  lateral  funiculus.  Some  of  the  nerve  fibers  assume  a  more 
or  less  transverse  direction,  as  for  example  those  which  cross  from  side  to  side 
in  the  anterior  wrhite  commissure,  but  the  majority  pursue  a  longitudinal  course 
and  are  divisible  into  (1)  those  connecting  the  medulla  spinalis  w  ith  the  brain  and 
conveying  impulses  to  or  from  the  latter,  and  (2)  those  wrhich  are  confined  to  the 
medulla  spinalis  and  link  together  its  different  segments,  i .  e.,  intersegmental  or 
association  fibers. 

Nerve  Fasciculi. — The  longitudinal  fibers  are  grouped  into  more  or  less  definite 
bundles  or  fasciculi.  These  are  not  recognizable  from  each  other  in  the  normal 
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st&tr,  and  .tlweir  .existence'  has  bwn  tleiemraed ' hy  - the  inctHntevfilj: 

A.  Waller  discovered  that  if  ft  burn  Ik*  of  nerve  fibers  he  tut,  the  portion* 
fibers  which  arc-separated  from  their  cells  rapidly  degenerate  and  become  atgMpj 
while  the  cells  and  the  parts  of  the  filers' connected  with  them  undergo  little  jdtr;- 
atinnd  This  is  kiip^rt  as  WaUerian  degeneration.  Similarly,  if  a  group of  n^m- 


ceils  be  destroyed,  the  fibers  arising  from  them  iiotlergo  degeneration,  Tk-.. 


tioitwill  extend  along  these  fillers.  (2)  Pathologies*}  changes,  especially  in 
hii’.<  given  important  information  by  causing:  ascending  and  descending  degcrteM- 
flops,  13)  By  tracing  the  development  of  the  nervous  system,  it  inis  been  v>!>wn,*»} 
that  at  first  the  nerve  fillers  art-  merely  naked  axis-cylinders, and  that  thev  di.-x-i 
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spinalis,  cross  in  succession  through  the  anterior  white  commissure  to  the  opposite 
side,  where  they  end,  either  directly  or  indirectly,  by  arborizing  around  the  motor 
cells  in  the  anterior  column.  A  few  of  its  fibers  are  said  to  pass  to  the  lateral 
column  of  the  same  side  and  to  the  gray  matter  at  the  base  of  the  posterior  column. 
They  conduct  voluntary  motor  impulses  from  the  precentral  gyrus  to  the  motor 
centers  of  the  cord. 

The  vestibulospinal  fasciculus,  situated  chiefly  in  the  marginal  part  of  the  funiculus 
and  mainly  derived  from  the  cells  of  Deiters’  nucleus,  of  the  same  and  the  opposite 
side,  i.  e.,  the  chief  terminal  nucleus  of  the  vestibular  nerve.  Fibers  are  also 
contributed  to  this  fasciculus  from  scattered  cells  of  the  reticular  formation  of  the 
medulla  oblongata,  the  pons  and  the  mid-brain  (tegmentum).  The  other  terminal 
nuclei  of  the  vestibular  nerve  also  contribute  fibers.  In  the  brain  stem  these  fibers 
form  part  of  the  median  longitudinal  bundle.  The  fasciculus  can  be  traced  to  the 
sacral  region.  Its  terminals  and  collaterals  end  either  directly  or  indirectly  among 
the  motor  cells  of  the  anterior  column.  This  fasciculus  is  probably  concerned  with 
equilibratory  reflexes. 

The  tectospinal  fasciculus,  situated  partly  in  the  anterior  and  partly  in  the  lateral 
funiculus,  is  mainly  derived  from  the  opposite  superior  colliculus  of  the  mid-brain. 
The  fibers  from  tie  superior  colliculus  cross  the  median  raphe  in  the  fountain 
decussation  of  Meynert  and  descend  as  the  ventral  longitudinal  bundle  in  the 
reticular  formation  of  the  brain-stem.  Its  collaterals  and  terminals  end  either 
directly  or  indirectly  among  the  motor  cells  of  the  anterior  column  of  the  same  side. 
Since  the  superior  colliculus  is  an  important  visual  reflex  center,  the  tectospinal 
fasciculus  is  probably  concerned  with  visual  reflexes. 

Ascending  Fasciculi . — The  ventral  spinothalamic  fasciculus,  situated  in  the 
marginal  part  of  the  funiculus  and  intermingled  more  or  less' with  the  vestibulo¬ 
spinal  fasciculus,  is  derived  from  cells  in  the  posterior  column  or  intermediate  gray 
matter  of  the  opposite  side.  Their  axons  cross  in  the  anterior  commissure.  This 
is  a  somewhat  doubtful  fasciculus  and  its  fibers  are  supposed  to  end  in  the  thalamus 
and  to  conduct  certain  of  the  touch  impulses. 

The  remaining  fibers  of  the  anterior  funiculus  constitute  what  is  termed  the 
anterior  proper  fasciculus  ( fasciculus  anterior  proprius;  anterior  basis  bundle).  It 
consists  of  (a)  longitudinal  intersegmental  fibers  which  arise  from  cells  in  the  gray 
substance,  more  especially  from  those  of  the  medial  group  of  the  anterior  column, 
and,  after  a  longer  or  shorter  course,  reenter  the  gray  substance;  ( b )  fibers  which 
cross  in  the  anterior  white  commissure  from  the  gray  substance  of  the  opposite 
side. 

Fasciculi  in  the  Lateral  Funiculus.  —  1.  Descending  Fasciculi.  —  (a)  The  lateral 
cerebrospinal  fasciculus  {fasciculus  cerebrospinalis  lateralis;  crossed  pyramidal 
tract)  extends  throughout  the  entire  length  of  the  medulla  spinalis,  in  front  of  the 
posterior  column  and  medial  to  the  cerebellospinal.  Its  fibers  arise  from  the  large 
pyramidal  cells  of  the  precentral  gyrus  or  motor  area  of  the  cerebral  hemisphere 
of  the  opposite  side.  They  pass  downward  in  company  with  those  of  the  anterior 
cerebrospinal  fasciculus  through  the  same  side  of  the  brain  as  that  from  which  they 
originate,  but  they  cross  to  the  opposite  side  in  the  medulla  oblongata  and  descend 
in  the  lateral  funiculus  of  the  medulla  spinalis  and  end  either  directly  or  indirectly, 
by  arborizing  around  the  motor  cells  in  the  anterior  column. 

It  is  probable1  that  the  fibers  of  the  anterior  and  lateral  cerebrospinal  fasciculi 
are  not  related  in  this  direct  manner  with  the  cells  of  the  anterior  column,  but  ter¬ 
minate  by  arborizing  around  the  cells  at  the  base  of  the  posterior  column  and  the 
cells  of  Clarke’ s  column,  which  in  turn  link  them  to  the  motor  cells  in  the  anterior 
column,  usually  of  several  segments  of  the  cord.  In  consequence  of  these  interposed 
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neurons  the  fibers  of  the  cerebrospinal  fasciculi  correspond  not  to  individual  muscles, 
but  to  associated  groups  of  muscles.  They  conduct  voluntary  motor  impulses  from 
the  cortex  to  the  motor  centers  of  the  cord. 

The  anterior  and  lateral  cerebrospinal  fasciculi  constitute  the  motor  fasciculi 
of  the  medulla  spinalis  and  have  their  origins  in  the  motor  cells  of  the  cerebral 
cortex.  They  descend  through  the  internal  capsule  of  the  cerebrum,  traverse  the 
cerebral  peduncles  and  pons  and  enter  the  pyramid  of  the  medulla  oblongata. 
In  the  lower  part  of  the  latter  about  two-thirds  of  them  cross  the  middle  line  and 
run  downward  in  the  lateral  funiculus  as  the  lateral  cerebrospinal  fasciculus,  while 
the  remaining  fibers  do  not  cross  the  middle  line,  but  are  continued  into  the  same 
side  of  the  medulla  spinalis,  where  they  form  the  anterior  cerebrospinal  fasciculus. 
The  fibers  of  the  latter,  however,  cross  the  middle  line  in  the  anterior  white  com¬ 
missure,  and  thus  all  the  motor  fibers  from  one  side  of  the  brain  ultimately  reach 
the  opposite  side  of  the  medulla  spinalis.  The  proportion  of  fibers  which  cross 
in  the  medulla  oblongata  is  not  a  constant  one,  and  thus  the  anterior  and  lateral 
cerebrospinal  fasciculi  vary  inversely  in  size.  Sometimes  the  former  is  absent, 
and  in  such  cases  it  may  be  presumed  that  the  decussation  of  the  motor  fibers  in 
the  medulla  oblongata  has  been  complete.  The  fibers  of  these  two  fasciculi  do 
not  acquire  their  medullary  sheaths  until  after  birth.  In  some  animals  the  motor 
fibers  are  situated  in  the  posterior  funiculus. 

(b)  The  rubrospinal  fasciculus  (Monakow)  ( prepyramidal  tract),  lies  on  the  ventral 
aspect  of  the  lateral  cerebrospinal  fasciculus  and  on  transverse  section  appears 
as  a  somewhat  triangular  area.  It  fibers  descend,  some  of  them  as  far  as  the  sacral 
region,  from  the  mid-brain,  where  they  have  their  origin  in  the  red  nucleus  of  the 
tegmentum  of  the  opposite  side.  Its  terminals  and  collaterals  end  either  directly 
or  indirectly  in  relation  with  the  motor  cells  of  the  anterior  column.  The  rubro¬ 
spinal  fasciculus  is  supposed  to  be  concerned  with  cerebellar  reflexes  since  fibers 
which  pass  from  the  cerebellum  through  the  superior  peduncle  send  many  collaterals 
and  terminals  to  the  red  nucleus. 

(c)  The  olivospinal  fasciculus  (Helweg)  arises  in  the  vicinity  of  the  inferior 
olivary  nucleus  in  the  medulla  oblongata,  and  is  seen  only  in  the  cervical  region 
of  the  medulla  spinalis,  where  it  forms  a  small  triangular  area  at  the  periphery, 
close  to  the  most  lateral  of  the  anterior  nerve  roots.  Its  exact  origin  and  its  mode 
of  ending  have  not  yet  been  definitely  made  out. 

2.  Ascending  Fasciculi. — (a)  The  dorsal  spinocerebellar  fasciculus  (fasciculus 
cerebellospinalis;  direct  cerebellar  tract  of  Flechsig)  is  situated  at  the  periphery'  of  the 
posterior  part  of  the  lateral  funiculus,  and  on  transverse  section  appears  as  a 
flattened  band  reaching  as  far  forward  as  a  line  drawn  transversely  through  the 
central  canal.  Medially,  it  is  in  contact  with  the  lateral  cerebrospinal  fasciculus, 
behind,  with  the  fasciculus  of  Lissauer.  It  begins  about  the  level  of  the  second  or 
third  lumbar  nerve,  and  increasing  in  size  as  it  ascends,  passes  to  the  cortex  of  the 
vermis  of  the  cerebellum  through  the  inferior  peduncle.  Its  fibers  are  generally 
regarded  as  being  formed  by  the  axons  of  the  cells  of  the  dorsal  nucleus  (Clarkes 
column)  of  the  same  side;  they  receive  their  medullary  sheaths  about  the  sixth  or 
seventh  month  of  fetal  life.  Its  fibers  are  supposed  to  conduct  impulses  of  uncon¬ 
scious  muscle  sense. 

The  superficial  antero-lateral  fasciculus  (tract  of  Gowers)  consists  of  four  fasciculi, 
the  ventral  spinocerebellar,  the  lateral  spinothalamic,  the  spinotectal  and  the 
ventral  spinothalamic. 

(b)  The  ventral  spinocerebellar  fasciculus  (Gowers)  skirts  the  periphery  of  the 
lateral  funiculus  in  front  of  the  dorsal  spinocerebellar  fasciculus.  In  transverse 
section  it  is  shaped  somewhat  like  a  comma,  the  expanded  end  of  which  lies  in  front 
of  the  dorsal  spinocerebellar  fasciculus  while  the  tail  reaches  forward  into  the 
anterior  funiculus.  Its  fibers  come  from  the  same  but  mostly  from  the  opposite 
side  of  the  medulla  spinalis  and  cross  both  in  the  anterior  white  commissure  and 
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in  the  gray  commissure;  they  are  probably  derived  from  the  cells  of  the  dorsal 
nucleus  and  from  other  cells  of  the  posterior  column  and  the  intermediate  portion 
of  the  gray  matter.  The  ventral  spinocerebellar  fasciculus  begins  about  the  level 
of  the  third  pair  of  lumbar  nerves,  and  can  be  followed  into  the  medulla  oblongata 
and  pons  almost  to  the  level  of  the  inferior  colliculus  where*  it  crosses  over  the 
superior  peduncle  and  then  passes  backward  along  its  medial  border  to  reach  the 
vermis  of  the  cerebellum.  In  the  pons  it  lies  along  the  lateral  edge  of  the  lateral 
lemniscus.  Some  of  its  fibers  join  the  dorsal  spinocerebellar  fasciculus  at  the  level 
of  the  inferior  peduncle  and  pass  with  them  into  the  cerebellum.  Other  fibers  are 
said  to  continue  upward  in  the  dorso-lateral  part  of  the  tegmentum  of  the  mid-brain 
probably  as  far  as  the  thalamus. 

(c)  The  lateral  spinothalamic  fasciculus  is  supposed  to  come  from  cells  in  the  dorsal 
column  and  the  intermediate  gray  matter  whose  axons  cross  in  the  anterior  com¬ 
missure  to  the  opposite  lateral  funiculus  where  they  pass  upward  on  the  medial 
side  of  the  ventral  spinocerebellar  fasciculus;  on  reaching  the  medulla  oblongata 
they  continue  in  the  formatio  reticularis  near  the  median  fillet  and  probably  ter¬ 
minate  in  the  ventro-lateral  region  of  the  thalamus.  It  is  supposed  to  conduct 
impulses  of  pain  and  temperature.  The  lateral  and  ventral  spinothalamic  fasciculi 
are  sometimes  termed  the  secondary  sensory  fasciculus  or  spinal  lemniscus. 

(d)  The  spinotectal  fasciculus  is  supposed  to  arise  in  the  dorsal  column  and 
terminate  in  the  (inferior  ?)  and  superior  colliculi.  It  is  situated  ventral  to  the 
lateral  spinothalamic  fasciculus,  but  its  fibers  are  more  or  less  intermingled  with  it. 
It  is  also  known  as  the  spino-quadrigeminal  system  of  Mott.  In  the  brain-stem  the 
fibers  run  lateral  from  the  inferior  olive,  ventro-lateral  from  the  superior  olive,  then 
ventro-medial  from  the  spinal  tract  of  the  trigeminal;  the  fibers  come  to  lie  in  the 
medial  portion  of  the  lateral  lemniscus. 

(e)  The  fasciculus  of  Lissauer  is  a  small  strand  situated  in  relation  to  the  tip 
of  the  posterior  column  close  to  the  entrance  of  the  posterior  nerve  roots.  It 
consists  of  fine  fibers  which  do  not  receive  their  medullary  sheaths  until  toward 
the  close  of  fetal  life.  It  is  usually  regarded  as  being  formed  by  some  of  the  fibers 
of  the  posterior  nerve  roots,  which  ascend  for  a  short  distance  in  the  tract  and  then 
enter  the  posterior  column,  but  since  its  fibers  are  myelinated  later  than  those  of 
the  posterior  nerve  roots,  and  do  not  undergo  degeneration  in  locomotor  ataxia, 
they  are  probably  intersegmental  in  character. 

In  addition  the  fasciculus  or  tract  of  Lissauer  contains  great  numbers  of  fine 
non-medullated  fibers  derived  mostly  from  the  dorsal  roots  but  partly  endogenous 
in  origin.  These  fibers  are  intimately  related  to  the  substantia  gelatinosa  which  is 
probably  the  terminal  nucleus.  The  non-medullated  fibers  ascend  or  descend  for 
short  distances  not  exceeding  one  or  two  segments,  but  most  of  them  enter  the 
substantia  gelatinosa  at  or  near  the  level  of  their  origin.  Ransom1  suggests  that 
these  non-medullated  fibers  and  the  substantia  gelatinosa  are  concerned  with  the 
reflexes  associated  with  pain  impulses. 

if)  The  lateral  proper  fasciculus  ( fasciculus  lateralis  proprius ;  lateral  basis  bundle) 
constitutes  the  remainder  of  the  lateral  column,  and  is  continuous  in  front  with  the 
anterior  proper  fasciculus.  It  consists  chiefly  of  intersegmental  fibers  which  arise 
from  cells  in  the  gray  substance,  and,  after  a  longer  or  shorter  course,  reenter  the 
gray  substance  and  ramify  in  it.  Some  of  its  fibers  are,  however,  continued  upward 
into  the  brain  under  the  name  of  the  medial  longitudinal  fasciculus. 

Fasciculi  in  the  Posterior  Funiculus. — This  funiculus  comprises  two  main  fasciculi, 
viz.,  the  fasciculus  gracilis,  and  the  fasciculus  cuneatus.  These  are  separated  from 
each  other  in  the  cervical  and  upper  thoracic  regions  by  the  postero-intermediate 
septum,  and  consist  mainly  of  ascending  fibers  derived  from  the  posterior  nerve  roots. 

The  fasciculus  gracilis  {tract  of  Goll)  is  wedge-shaped  on  transverse  section,  and 
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lies  jsext  the  j»<i>stfiTior  meHiaQ  septum,  its  base  being  at  the  surface  of  the  medulla 
spinal)*,  and  its  apex  directed  toward  the  posterior  gray  commissure. '  it  increases 
in  sms  froth  hetow  .upward,  ami  consists  of  Ipnj*  thin  fillers  which  arc  derived  from 
the  posterior  nerve  roots,  ami  ascend  as  far  asftlie  njednlla  iddongatav  where  they 
end  in  the  nucleus  gracilis. 

The  fasciculus  cuneatus  (traei  tif  Burdock)  is  trianguiar  on  transverse  seetiobj 
and  lies  betw  een  the  fasciculus  grtscHis  and  the  ;  posterior  ^ihunn,  |t?  loise  wrre- 
sjK»nding  with  tire  .surface  of  the.  medulla spinalis  Its  fihers,  larger  than  those  of 
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the  fait'U’tilus  gracilis,  arc  mostly  derived  from  the. same  source.  viz.,  the  posterior 
nerve  roots.  Some  ascend  for  only  a  short  distance  in  the  tract,  and,  entering 
thj?  gray  matter,  come  into  dose  relationship  with  the  cells  of  the  dorsal  nucleus; 
while,  others  can  be  traced  as  far  as  the  medulla  oblongata,  where  they  end  in  the 
graeile  and  euneate  nuclei. 

The  fasciculus  gradlis  void  fasciculus  euneatUs  conduct  i  1 1  impulses,  of  conscious 
muscle  sense,  j«-u»ns  of  id v  second  onto*  from  the  nucleus  gracilis  and  nucleus 
cuneatus,  {Kiss  in  the  inodbh  lemniscus  to  tile  thalamus  and  ueunms  of  the  third 
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seisse,  r/rt  neurons  of  the  in  con'd  order  frwni  the  nucleus  gracilis  and  »udeo£Mfifeatus 
tvi--  in  the  internal  and  extehud  arcuate  fibers  of  the  medulla  oblongata  to  t fie 
inferior  pediuidc  and  through it  to tiie  ecteh^iuin ;  (gj  impulses  of  tactile  diacrimina- 
tiottr  neurons  of  the  second  order  from  the  miek-us  euneatus  and  nucleus  gracilis 
pass  in  the  median  lemhfeeus  to  the  thafarhiis,  neUrdns  td  the  thitd  order  pass  from 
the  thalamus  to  the  cortex. 

The  Posterior  Proper  Fasciculus  (fmierior  ground  baudk;  poster  wr  hasis  Imiwtle) 
arises;  from  dells  in  the  posterjor  column;  their  axons  bifnrdftte  into  ascending  and 
descending  '  branches  which  occupy  .the  ventral  part  of  the  funiculus  dose  to  the.' 
gray  column.  They  are  interse^netital  and  ruh,  for  vtiryitip  distances,'  sending  off 
eolkteniLs  and  terminals  td  the  gray  matter-  .  ‘ 

Si>me  descending  fibers  occupy  different  parts  at  different  levels.  In  the  cer¬ 
vical  and  upper  thoracic  regions  they  wppeife  fasciculus  in 

the  lateral  part  of  the  fasckhlus  eunhitus,  thy  blunt  end  of  the  C'?niim!»  being 
directed  toward,  the  ift’-f-hfe  lower  thoraeie  region  they 

form  a' dorsal  peripheral  band  ork  the  jxjaterfer  surface  of  the  fujficultls;  in  the  {ttmbar 
region,  they  sire  situated  by  the  side  of  the  posterior  median  septum,  and  appear 
on  section  -ad  a  semi-elliptical  bundle,  which,  together  with  the 'corresponding 
bundle  of  the*  opposite,  slrfe.  forms  the  oval  Area  of  Flechsig,*  tv  bile  in  the  conus 
mednllari*  they  assume  the. form  of  a  triangular  strand  in  the  postero-medial  part 
■A  the  fasciculus  gracilis.  These  descending  fibers  are  mainly  ifttersegsucntai 
in  character  and  derived  from  ceils  in  the  posterior  column,  but  some  consist 
of  the  descending  branches  of  the  posterior  .ner  ve  roots.  The  cormaurshaped 
funiculus  was  supposed  to  belong  to  the  second  category,  but  against  this  view 
U  the  fact  that  it  does  not  undergo  descending  degenerat ion  when  the  posterior 
nerve  roots  pre  deatroyed.  .  ' /  -  P  c <  5  yd  1  \ 

Boots  Of  the  Spiflid  Nems.— A>  already  state*!,  each  spinal  nerve  possesses 
two  roots,  an  anterior  and  a  posterior,  which  are  attache*!  to  the  surface  of  the 
medulla  spinalis  opposite  tin; 
oarresponding  column  Of  gray 
substance  (Fig.  1593) ;  their  fibers.' 
become  ni edu Hated  about  the 
fifth  month  of  fetaUife, 

The  Anterior  Nerve  Boot  ( radix 
iHterior)  eou.sisfsof  efferent  fibers, 
which  are  the  Axons  of  the  nerve 
cells  in  the,  ventral' -part  of  the 
anterior  And  latewd e^uinjfis*  A 
short  dutanev  from  their  origins, 
these  fww>si«c,u-i:vested  by  medul- 
fan;sht*tttesand,tmssirigf'oi''\\'artl, 
emerge  in  .two  or  three  irregular 
rows  over  ait  area  which  meas¬ 
ures  about  3  tnm.'  in  Width.  ■. .. 

The;  Posterior  Boot  {ritytpf  po#- 
terror)  comprise?;  some  sis  or  eight 
fasciculi,  attached  in  linear  series 
along  the  postero-latersl  Sulcust 

It  «tnsiste'«f-atfcrent;fib^.^^ 

arise  from  the  nerve  cells  in  a  spinal  ganglion.  Each  >jodglitiD  ucU  gives  off  a  single 
fiber  which  divides  in  A  T-shaped  manner  into  twd  feroeeste*,  medial  and  lateral. 
Tiie  lateral  pftnvsses  extend  to  the  sensory  ehd-organs  <>f  the  -kin.  muscles,  tendons. 
Joints,  etc!  {mtmtP'  reerptoWt  and  to  the  sensory  of  the  viscera  '.piweml 


PoAie* Hiift 
1$ 'ifaeftttf 


■AnterUr-d 


*4  frUlty*  VpQiu, 


r 


I?Ta  tMJ3. — -X'  epdofttl  tibrve  wiri;h'  o.‘^Yier.  H»wfTfOJrt*ffior  -roots. 
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receptors).  The  medial  processes  of  the  ganglion  cells  grow  into  the  medulla  spinalis 
as  the  posterior  roots  of  the  spinal  nerves. 

The  posterior  nerve  root  enters  the  medulla  spinalis  in  three  chief  bundles, 
medial,  intermediate,  and  lateral.  The  medial  strand  passes  directly  into  the  fas¬ 
ciculus  cuneatus:  it  consists  of  coarse  fibers,  which  acquire  their  medullary  sheaths 
about  the  fifth  month  of  intra-uterine  life;  the  intermediate  strand  consists  of  coarse 
fibers,  which  enter  the  gelatinous  substances  of  Rolando;  the  lateral  strand  is  com¬ 
posed  of  fine  fibers,  which  assume  a  longitudinal  direction  in  the  tract  of  Lissauer, 
and  do  not  acquire  their  medullary  sheaths  until  after  birth.  In  addition  to  these 
medullated  fibers  there  are  great  numbers  of  non-medullated  fibers  which  enter 
with  the  lateral  bundle.  They  are  more  numerous  than  the  myelinated  fibers. 
They  arise  from  the  small  cells  of  the  spinal  ganglia  by  T-shaped  axons  similar 
to  the  myelinated.  They  are  distributed  with  the  peripheral  nerves  chiefly  to  the 
skin,  only  a  few  are  found  in  the  nerves  to  the  muscles.1 

Having  entered  the  medulla  spinalis,  all  the  fibers  of  the  posterior  nerve  roots 
divide  into  ascending  and  descending  branches,  and  these  in  their  turn  give  off 

numerous  collaterals  which  enter 
the  gray  substance  (Fig.  694). 
They  are  finer  than  the  fibers 
from  which  they  arise.  Some 
end  in  the  ventral  gray  column, 
others  in  the  posterior  gray  col¬ 
umn,  the  substantia  gelatinosa 
and  the  dorsal  nucleus.  Some 
pass  through  the  dorsal  commis¬ 
sure  to  the  posterior  gray  column 
of  the  opposite  side.  The  de¬ 
scending  fibers  are  short,  and 
soon  enter  the  gray  substance. 
The  ascending  fibers  of  the  medial 
strand  are  grouped  into  long, 
short,  and  intermediate:  the  long 
fibers  ascend  in  the  fasciculus 
cuneatus  and  fasciculus  gracilis 
as  far  as  the  medulla  oblongata, 
where  they  end  by  arborizing 
around  the  cells  of  the  cuneate 
and  gracile  nuclei ;  the  short  fibers 
run  upward  for  a  distance  of  only 
5  or  6  mm.  and  enter  the  gray 
substance;  while  the  intermediate 
fibers,  after  a  somewhat  longer 
course,  have  a  similar  destination.  All  fibers  entering  the  gray  substance  end  by 
arborizing  around  its  nerve  cells  or  the  dendrites  of  cells,  those  of  intermediate 
length  being  especially  associated  with  the  cells  of  the  dorsal  nucleus. 

The  long  fibers  of  the  posterior  nerve  roots  pursue  an  oblique  course  upward,  being 
situated  at  first  in  the  lateral  part  of  the  fasciculus  cuneatus:  higher  up,  they  occupy 
the  middle  of  this  fasciculus,  having  been  displaced  by  the  accession  of  other 
entering  fibers;  while  still  higher,  they  ascend  in  the  fasciculus  gracilis.  The  upper 
cervical  fibers  do  not  reach  this  fasciculus,  but  are  entirely  confined  to  the  fascic¬ 
ulus  cuneatus.  The  localization  of  these  fibers  is  very  precise :  the  sacral  nerves 
lie  in  the  medial  part  of  the  fasciculus  gracilis  and  near  its  periphery,  the  lumbar 
nerves  lateral  to  them,  the  thoracic  nerves  still  more  laterally;  while  the  cervical 
nerves  are  confined  to  the  fasciculus  cuneatus  (Fig.  691). 

Ransom,  Brain,  1915,  vol.  38. 
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The  descending  fibers  of  the  medial  strand  of  the  posterior  roots  are  short.  The 
shortest  terminate  immediately  in  the  posterior  gray  column.  The  longer  ones 
descend  in  the  comma-shaped  fasciculus  (fasciculus  interfascicularis)  and  in  the 
oval  area  of  Fleshsig  (septomarginal  fasciculus),  before  entering  the  posterior  gray 
column. 

The  lateral  strand  of  the  posterior  root  consists  mainly  of  non-medullated  fibers 
which  enter  the  dorso-lateral  fasciulus  or  tract  of  Lissauer.  These  divide  into  short 
ascending  and  descending  branches. 

THE  ENCEPHALON  OB  BRAIN. 

General  Considerations  and  Divisions.— The  brain,  is  contained  within  the 
cranium,  and  constitutes  the  upper,  greatly  expanded  part  of  the  central  nervous 
system.  In  its  early  embryonic 
condition  it  consists  of  three  hollow 
vesicles,  termed  the  hind-brain  or 
rhombencephalon,  the  mid-brain  or 
mesencephalon,  and  the  fore-brain 
or  prosencephalon;  and  the  parts 
derived  from  each  of  these  can 
be  recognized  in  the  adult  (Fig. 

695).  Thus  in  the  process  of  de¬ 
velopment  the  wall  of  the  hind¬ 
brain  undergoes  modification  to 
form  the  medulla  oblongata,  the 
pons,  and  cerebellum,  while  its 
cavity  is  expanded  to  form  the 
fourth  ventricle.  The  mid-brain 
forms  only  a  small  part  of  the 
adult  brain;  its  cavity  becomes 
the  cerebral  aqueduct  {aqueduct  of 
Syltius),  which  serves  as  a  tubular 
communication  between  the  third 
and  fourth  ventricles ;  while  its  walls  are  thickened  to  form  the  corpora  quadrigemina 
and  cerebral  peduncles.  The  fore-brain  undergoes  great  modification:  its  anterior 
part  or  telencephalon  expands  laterally  in  the  form  of  two  hollow  vesicles,  the 
cavities  of  which  become  the  lateral  ventricles,  while  the  surrounding  walls  form 
the  cerebral  hemispheres  and  their  commissures;  the  cavity  of  the  posterior  part 
or  diencephalon  forms  the  greater  part  of  the  third  ventricle,  and  from  its  walls  are 
developed  most  of  the  structures  which  bound  that  cavity. 

THE  HIND-BRAIN  OR  RHOMBENCEPHALON. 

The  hind-brain  or  rhombencephalon  occupies  the  posterior  fossa  of  the  cranial 
cavity  and  lies  below  a  fold  of  dura  mater,  the  tentorium  cerebelli.  It  consists 
of  (a)  the  myelencephalon,  comprising  the  medulla  oblongata  and  the  lower  part 
of  the  fourth  ventricle;  (6)  the  metencephalon,  consisting  of  the  pons,  cerebellum, 
and  the  intermediate  part  of  the  fourth  ventricle;  and  (c)  the  isthmus  rhomben- 
cephali,  a  constricted  portion  immediately  adjoining  the  mid-brain  and  includ¬ 
ing  the  superior  peduncles  of  the  cerebellum,  the  anterior  medullary  velum,  and 
the  upper  part  of  the  fourth  ventricle. 

The  Medulla  Oblongata  {spinal  bulb). — The  medulla  oblongata  extends  from 
the  lower  margin  of  the  pons  to  a  plane  passing  transversely  below  the  pyram¬ 
idal  decussation  and  above  the  first  pair  of  cervical  nerves;  this  plane  corre- 


Fiq.  695. — Scheme  showing  the  connections  of  the  several 
parts  of  the  brain.  (After  Schwalbe.) 
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ITtio-WfeiullH  fibKrtvgrtijt  is  p^t«inidvtl  in  shape,  its'  broad  extremity  being  direfttd 
upward  toward  the  pouK  while  its  narrow,  lower  tmd  is  continuous  with  the rn^iulift 
spinalis.  it  nieifsure.s  tnhoui  3  rm.  in  length.,  about  2  in  breadth  at  its  -vidK 
par!^  art«l  about  IJihOm^MX  thk'hneftsj  The :  centra j  eanal  of  the  metialla  spuisSw 
is  proUmgtHf  into  its  lower  half*  aod  then  ojtenn  into' the  cavity  of  the  fourth  v^> 
trade;  the  medulla  oblongutA  may  therefore  he  divided  into '  iu  '/—.vf  j-r: 
t?or{f;riaing  the  central  canal,  and  ;io  upper  < y>rn  pari  norresplHutin# 'with 
portion  of  the fourth  ventricle,  '/  : 

The  Anterior . Median,'  Fisaur*  ifiwirn  tvhliann  anterior;'  vtnltoi  or 
'fimim  vl  foW  m  j>ia  01a ter,  and  extends  along  the  entire  length  oftfe 

medulla  oliitmgatu :  if  ends  at  the  lower  border  of  the  pons  in  it  small  trLnu^i^ 
expansion,  termed  the  foramen  cemun.  its  tower  part,  is  interrupted  hv 
of  fibers  which  1  ross  <  ddifpidy  from  one  side  to  the  other,  and  constitute  the  pjwn- 
idal  decussation.  Nunc  .fibers,  termed  the  anterior  ©sternal  arcuate  fibers, 
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from  the  fissure  above  this  decussation  and  curve  lateral  ward  and  upward  over 
the  surface  of  the  medulla  oblongata  to  join  the  inferior  peduncle. 

The  Posterior  Median  Fissure  (fissura  media  no  posterior ;  dorsal  or  dorsomedian 
fissure)  is  a  narrow  groove;  and  exists  only  in  the  closed  part  of  the  medulla  oblon¬ 
gata;  it  becomes  gradually  shallower  from  below  upward,  and  finally  ends  about 
the  middle  of  the  medulla  oblongata,  where  the  central  canal  expands  into  the 
cavity  of  the  fourth  ventricle. 
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These  two  fissures  divide  the  dosed  part  of  the  medulla  oblongata  into  sym¬ 
metrical  halves,  each  presenting  elongated  eminences  which,  on  surface  view, 
are  continuous  with  the  funiculi  of  the  medulla  spinalis.  In  the  open  part  the 
halves  are  separated  by  the  anterior  median  fissure,  and  by  a  median  raphe  which 
extends  from  the  bottom  of  the  fissure  to  the  floor  of  the  fourth  ventricle.  Further, 
certain  of  the  cranial  nerves  pass  through  the  substance  of  the  medulla  oblongata, 
and  are  attached  to  its  surface  in  series  with  the  roots  of  the  spinal  nerves;  thus, 
the  fibers  of  the  hypoglossal  nerve  represent  the  upward  continuation  of  the 
anterior  nerve  roots,  and  emerge  in  linear  series  from  a  furrow  termed  the 

the  accessory 


vagus,  and  glossopharyngeal  nerves 


antero-Iateral  sulcus 

correspond  with  the  posterior  nerve  roots,  and  are  attached  to  the  bottom  of  a  sulcus 
named  the  postero-lateral  sulcus.  Advantage  is  taken  of  this  arrangement  to  sub- 
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divide  each  half  of  the  medulla  oblongata  into  three  districts,  anterior,  middle, 
and  posterior.  Although  these  three  districts  appear  to  be  directly  continuous 
with  the  corresponding  funiculi  of  the  medulla  spinalis,  they  do  not  necessarily 
contain  the  same  fibers,  since  some  of  the  fasciculi  of  the  medulla  spinalis  end  in 
the  medulla  oblongata,  while  others  alter  their  course  in  passing  through  it. 

The  anterior  district  (Fig.  697)  is  named  the  pyramid  (pyramid  vieduUm  oblongata) 
and  lies  between  the  anterior  median  fissure  and  the  antero-lateral  sulcus.  Its 

upper  end  is  slightly  constricted, 
and  between  it  and  the  pons  the 
filers  of  the  abducent  nerve  emerge; 
a  little  below  the  pons  it  becomes 
enlarged  and  prominent  and  finally 
tapers  into  the  anterior  funiculus  of 
the  medulla  spinalis,  with  which,  at 
first  sight,  it  appears  to  be  directly 
continuous. 

The  two  pyramids  contain  the 
motor  fibers  which  pass  from  the 
brain  to  the  medulla  oblongata  and 
medulla  spinalis,  cortieohulhar  and 
corticospinal  fibers.  When  these 
pyramidal  fibers  are  traced  down¬ 
ward  it  is  found  that  some  two-thirds 
or  more  of  them  leave  the  pyramids 
in  successive  bundles,  and  decussate 
in  the  anterior  median  fissure,  form¬ 
ing  what  is  termed  the  pyramidal 
decussation.  Having  crossed  the  mid- 
tile  line,  they  pass  down  in  the  pos¬ 
terior  part  of  the  lateral  funiculus  as 
the  lateral  cerebrospinal  fasciculus. 
The  remaining  fibers—?,  r.,  those 
w  hich  occupy  the  lateral  part  of  the 
pyramid — do  not  cross  the  middle 
line,  but  are  carried  downward  as 
the  anterior  cerebrospinal  fasciculus 
(Fig.  698)  into  the  anterior  funiculus 
of  the  same  side. 

The  greater  part  of  the  anterior 
proper  fasciculus  of  the  medulla 
spinalis  is  continued  upward  through  the  medulla  oblongata  under  the  name  of 
the  medial  longitudinal  fasciculus. 

The  lateral  district  (Fig.  699)  is  limited  in  front  by  the  antero-lateral  sulcus 
and  the  roots  of  the  hypoglossal  nerve,  and  behind  by  the  posterolateral  sulcus 
and  the  roots  of  the  accessory,  vagus,  and  glossopharyngeal  nerves.  Its  upper  part 
consists  of  a  prominent  oval  mass  which  is  named  the  olive,  while  its  lower  part 
is  of  the  same  width  as  the  lateral  funiculus  of  the  medulla  spinalis,  and  appears 
on  the  surface  to  be  a  direct  continuation  of  it.  As  a  matter  of  fact,  only  a  portion 
of  the  lateral  funiculus  is  continued  upward  into  this  district,  for  the  lateral  cerebro¬ 
spinal  fasciculus  passes  into  the  pyramid  of  the  opposite  side,  and  the  dorsal 
spinocerebellar  fasciculus  is  carried  into  the  inferior  peduncle  in  the  posterior 
district.  The  ventral  spinocerebellar  fasciculus  is  continued  upward  on  the  lateral 
surface  of  the  medulla  oblongata  in  the  same  relative  position  it  occupies  in  the 


Fio.  098. — Decussation  of  pyramids.  Scheme  showing  pas¬ 
sage  of  various  fasciculi  from  medulla  spinalis  to  medulla  ob¬ 
longata.  n  Pons.  6.  Medulla  oblungatu.  c.  Decussation  of 
the  pyramids,  d.  Section  of  cervical  part  of  medulla  spinalis. 
1.  Anterior  cerebrospinal  fasciculus  (lit  red).  2.  Lateral 
cerebrospinal  fasciculus  (in  red).  3.  Sensory  tract  (fasciculi 
gracilis  et  euneat us)  (in  blue).  3'.  Gracilo  and  cuneate  nuclei. 
4.  Antero-lateral  proper  fasciculus  (in  dotted  line).  5.  Pyra¬ 
mid.  6  Lemniscus.  7.  Medial  longitudinal  fasciculus..  8. 
Ventral  spinocerebellar  fasciculus  (in  blue).  9.  Dorsal  spino¬ 
cerebellar  faaciculuo  (in  yellow).  (Testut ) 
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Fig.  AU*i  mid-brainn;  post  f:ro-!n  tarn!  view 


Tbe  olite  ( oitm ,  at  it  ary  body)  h  situated  lateral  to  the  pyramid*  from  which  it 
M .^^mled  :hy :  t  h<?  ^Jiterp-littend^ imtos,  and  the  •fibers  of  tfce  hypoglossujJ  nerve. 
ilifhiTwrK’'-:it':i4 •  f sujctj.^%  the  antral  spin<>cere^K'lIar 

fti'the-.dejire^ion  tosveen  tjhe  upjK-r  eitd of  the  pUvc  ami  the  pjc«w  ties 
\hv  nerve.  U  measures  about .  t  .25'  am.  in  length  t  and  between  its  upper 

m'i  *fut  the  poits  there  U  ii  flight  depression  to  which  the  noots  pf  the  facial  nerve 
are  attached-  The  external  arcuate  fibers  wind  across  the  lower  part  of  the  pyra~ 
ndt}  and  olive  and  enter  the.  inferior  peduncle. 

The  pasteriof d&sfcriet  (Fig.  704)  ties  behind,  the  posterodafend  sulcus  and  the 
roots  of  the  accessory;  vagus,  and  the  glossopharyngeal  nerve?,  and,  like  the  lateral 
•Inf net,  is  flh  isihfe  into  a  lower  and  an  upper  portWm. 

The  lower  part  is  limited  behind  by  the  posterior  median  fissure,  and  consists 
»‘*f  the  fasciculus  gr&eilia  awl  the  fasciculus  cuaeatos.  ’Hie  fasciculus  gracilis  as 
placed  parallel  to  and  along  the  side  of  the  posterior  median  fissure,  anil  separated 
from  the  eiine4i..f:us  .'•‘by-  the-  ppsferi^htemicMliate'  '  sulcus  ami  septum. 

The  gnwile  and  euneate  fasetoufi  are  at  first  vertical  in  direction*,  but  at  the  lower 
parr  of  the  rlwmboid  Fossa,  they  diverge  from'  the  middle  line  in  a.  V-sbaped  man  tier, 
and  each  presents  an  elongated  swelling.  That  on  the  Fasciculus  gracilis  is  named 
the  >lava,  and  is  produced  by  a  subjacent  nucte.iis  of  gray  rum  ter.  the  nucleus 
|r««y.is;  that  on  the  feseiculus  euneatiJ.s  is  termed  the  cuneate  tubercle,  and  is  like- 
caused  by  it  gray  nucleus,  named  the  nueletis  cuceatus.  The  fibers  of  these 
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Fig.  70  L — DiMtecticn  of  brain-atern.  Lateral  view 
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Ficr.  703. — Deep  <lia»ectiou  of  brain-atem.  Lateral  view 
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fasciculi  tenrniiiAte  by  arborising  around  the  cells  in  their  respective  :  naela.  A 
third  etevation,  produced  by  the  gelatiubsa  of  iiolafld^.is  present  in 

the  lower  part  of  the  posterior  district  of  tbte  JBiedu^a.  oblopjpA^  It  lies  5t>  ffo 
lateral  tt^pefcl  of  the  fstsriculusi  ettneaius,  arid  is  i^tararisl , ffdjt- 
OTwlttlte  bbhjpgata  by  a  band  of  nerve  6bers  Aytiteh  form  the  spinal  tract  ispipf 
root)  of  the  trigeminal  nerve,  Narrow  below,  this  elevation  gradually  espamfe 
above,  and  ends,  about  1  '_V»  cm.  below  the  pons,  m  it  tubercle,  the  tub#rel*«l 
Rolando  liuiirr  cinctemH)* 


V'r,W^‘Ul^(  /iTUt 


fifth*  j)*Ckfi+ 

iijNj b(t.<^iji 


i  t  d'dib 


fcVdru*  ,*rr'Vi' 
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Fia.  rOi --rt  fipor  part  rif  tsmhiU’n  ^pkiolta  aixi  hia<}»  and  nmi-braiil*,  pp<ltemtr  afjfcetet,  «*p*wfcl  w»  «*, 

The  upper  part  of  the  posterior  district  of  the  medulla  oblongata  is  oryupwil 
by  the  inferior  peduncle,  a  tliick  ropc-like  strand  situated  between  the  loner  tut* 
of  the  fourth  ventricle  and  the  rout*,  of  the  glossopharyngeal  and  vagus  wmv. 
'The  inferior  peduncles  v&hnect  f  he  medulla  spinalis  and  medulla  oblotigau  vim 
the  cerebeltuHi,  attd  are  sometimei  tmmetl  the  rerilfonn  bodies.  As  th»J  fd- 
upward,  they  diverge  from  eaelj  phij.e^.add  mssisf  in  foroiiug  the  lower  part  wf the 
lateral  boundaries- of  the  fourth  veotrick-;  higher  up,  they  are  directed  Imtrkaval: 
cadi  passing  to  the  corresponding  cerebellar  hemisphere.  Near  their  entraort- 
into  tb«  Cerebellum  they  are  crossed  by  several  strands  of  libers,  which  w# 
to  the  tncihan  sulcus  of  the  rhomboid  fossa  ,  and  are  named  the  stri®  mednluri*- 
The  inferior  ped unde  appears  to  be  the  upward mvntirtn&tioh  of  the  fasciculus  2ts- 
cilis  and  fasciculus  cuneatus:  this,  however,  is  not  so.  us  the  fibers  of  these  fasdcali 
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end  in  the  gracile  and  euneate  nuclei.  The  constitution  of  the  inferior  peduncle 
will  be  subsequently  discussed. 

Caudal  to  the  stria*  medullares  the  inferior  peduncle  is  partly  covered  by  the 
corpus  pontobulbare  (Essick*)»  a  thin  mass  of  cells  and  fibers  extending  from  the 
pons  between  the  origin  of  the  VII  and  VIII  cranial  nerves. 

Internal  Structure  of  the  Medulla  Oblongata. — Although  the  external  form  of  the 
medulla  oblongata  bears  a  certain  resemblance  to  that  of  the  upper  part  of  the 
medulla  spinalis,  its  internal  structure  differs  widely  from  that  of  the  latter,  and 
this  for  the  following  principal  reasons:  (1)  certain  fasciculi  which  extend  from  the 
medulla  spinalis  to  the  brain,  and  vice  versa ,  undergo  a  rearrangement  in  their 
passage  through  the  medulla  oblongata;  (2)  others  which  exist  in  the  medulla  spin¬ 
alis  end  in  the  medulla  oblongata;  (3)  new  fasciculi  originate  in  the  gray  substance 
of  the  medulla  oblongata  and  pass  to  different  parts  of  the  brain;  (4)  the  gray 
substance,  which  in  the  medulla  spinalis  forms  a  continuous  H-shaped  column, 
becomes  greatly  modified  and  subdivided  in  the  medulla  oblongata,  where  also 
new  masses  of  gray  substance  are  added;  (5)  on  account  of  the  opening  out  of  the 
central  canal  of  the  medulla  spinalis,  certain  parts  of  the  gray  substance,  which 
in  the  medulla  spinalis  were  more  or  less  centrally  situated,  are  displayed  in  the 
rhomboid  fossa;  (6)  the  medulla  oblongata  is  intimately  associated  with  many 
of  the  cranial  nerves,  some  arising  from,  and  others  ending  in,  nuclei  within  its 
substance. 


Ftp.  7Cu. — .Soctaon  of  the  medulla  oblongata  through 
the  lower  part  of  the  decussation  of  the  pyramids.  ( Tes- 
tUM  1  Anterior  median  fissure.  2.  Posterior  median 
sylctia  3.  Anterior  column  (in  red),  with  3',  anterior 
'©•at.  4  Posterior  column  (to  blue'),  with  4',  posterior 

root*.  5  lateral  cerebrospinal  fasciculus  6.  Posterior 
fusaeulo*  The  red  arrow,  n,  a indicates  the  course  the 
lateral  cerebrospinal  fasciculus  takes  at  the  level  of  the 
djTOWRArion  of  the  pyramids;  the  blue  arrow,  b,  imii- 
the  course  which  the  sensory  fibers  take. 


Fio.  706. — Section  of  the  medulla  oblongata  at  the 
level  of  the  docuswntion  of  the  pyramids.  (Testut )  1 

Anterior  median  fissure.  2,  Posterior  median  sulcus. 
3.  Motor  roots.  4.  Season'  roots.  5.  Base?  of  the 
anterior  column,  from  which  the  head  (S')  has  been 
detached  by  the  lateral  cerebrospinal  fasciculus.  6. 
Decussation  of  the  lateral  cerebrospinal  fasciculus.  7. 
Posterior  columns  (in  blue).  8  Gracilo  nucleus. 


The  Cerebrospinal  Fasciculi.—The  downward  course  of  these  fasciculi  from  the 
pyramids  of  the  medulla  oblongata  and  their  partial  decussation  have  already 
been  described  (page  766),  In  crossing  to  reach  the  lateral  funiculus  of  the  oppo¬ 
site  side,  the  fibers  of  the  lateral  cerebrospinal  fasciculi  extend  backward  through 
the  anterior  columns,  and  separate  the  head  of  each  of  these  columns  from  its 
base  (Figs.  705,  706).  The  base  retains  its  position  in  relation  to  the  ventral 
aspect  of  the  central  canal,  and,  when  the  latter  opens  into  the  fourth  ventricle, 
appears  in  the  rhomboid  fossa  close  to  the  middle  line,  where  it  forms  the  nuclei 
of  the  hypoglossal  and  abducent  nerves;  while  above  the  level  of  the  ventricle  it 
exists  as  the  nuclei  of  the  trochlear  and  oculomotor  nerves  in  relation  to  the  flodr 
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of  the  cerebral  aqueduct.  The  head  of  the  column  is  pushed  lateralward  and  forms 
the  nucleus  ambiguus,  which  gives  origin  from  below  upward  to  the  cranial  part 
of  the  accessory  and  the  motor  fibers  of  the  vagus  and  glossopharyngeal,  and  still 
higher  to  the  motor  fibers  of  the  facial  and  trigeminal  nerves. 

The  fasciculus  gracilis  and  fasciculus  cuneatus  constitute  the  posterior  season- 
fasciculi  of  the  medulla  spinalis;  they  are  prolonged  upward  into  the  lower  part 
of  the  medulla  oblongata,  where  they  end  respectively  in  the  nucleus  gracilis  and 
nucleus  cuneatus.  These  two  nuclei  are  continuous  with  the  central  gray  substance 
of  the  medulla  spinalis,  and  may  be  regarded  as  dorsal  projections  of  this,  each 
being  covered  superficially  by  the  fibers  of  the  corresponding  fasciculus.  On 
transverse  section  (Fig.  712)  the  nucleus  gracilis  appears  as  a  single,  more  or  less 
quadrangular  mass,  while  the  nucleus  cuneatus  consists  of  two  parts:  a  larger, 
somewhat  triangular,  medial  nucleus,  composed  of  small  or  medium-sized  cells, 
and  a  smaller  lateral  nucleus  containing  large  cells. 


mUion 


Fro.  707. — Superfk'uU  dissection  of  br?u»i-*tero  Vvotral  view 


The  fibers  of  the  fasciculus  gracilis  and  fasciculus  cuneatus  end  by  arborizing 
around  the  cells  of  these  nuclei  (Fig.  710).  From  the  cells  of  the  nuclei  new  fibers 
arise;  some  of  these  are  continued  as  the  posterior  external  arcuate  fibers  into  the 
inferior  peduncle,  and  through  it  to  the  cerebellum,  but  most  of  them  pass  forward 
through  the  neck  of  the  posterior  column,  thus  cutting  off  its  head  froift  its  base 
(Fig.  7 1 1) .  Curving  forward ,  they  decussate  in  the  middle  line  with  the  correspond- 


THE  HIND-BRAIN  OR  RHOMBENCEPHALON 


ing  fibers  of  the  opposite  side,  and  run  upward  immediately  behind  the  cerebro¬ 
spinal  fibers,  as  a  flattened  band,  named  the  lemniscus  or  fillet.  The  decussation 
of  these  sensory  fibers  is  situated  above  that  of  the  motor  fibers,  and  is  named 
the  decussation  of  the  lemniscus  or  sensory  decussation.  The  lemniscus  is  joined  by 
the  spinothalamic  fasciculus  (page  767),  the  fibers  of  which  are  derived  from  the 
cells  of  the  gray  substance  of  the  opposite  side  of  the  medulla  spinalis. 
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Internal  arcu¬ 
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Fiu.  70$. — I)«»op  dissection  of  brain-stem.  Ventral  view. 


The  base  of  the  posterior  column  at  first  lies  on  the  dorsal  aspect  of  the  central 
canal,  but  when  the  latter  opens  into  the  fourth  ventricle,  it  appears  in  the  lateral 
part  of  the  rhomboid  fossa.  It  forms  the  terminal  nuclei  of  the  sensory  fibers  of 
the  vagus  and  glossopharyngeal  nerves,  and  is  associated  with  the  vestibular  part 
of  the  acoustic  nerve  and  the  sensory  root  of  the  facial  nerve.  Still  higher,  it  forms  a 
mass  of  pigmented  cells — the  locus  caeruleus — in  which  some  of  the  sensory  fibers 
of  the  trigeminal  nerve  appear  to  end.  The  head  of  the  posterior  column  forms  a 
kmg  nucleus,  in  which  the  fibers  of  the  spinal  tract  of  the  trigeminal  nerve  largely 
end. 

The  dorsal  spinocerebellar  fasciculus  (fasciculus  cerehelhspinalis;  direct  cerebellar 
tract)  leaves  the  lateral  district  of  the  medulla  oblongata ;  most  of  its  fibers  are  carried 
backward  into  the  inferior  peduncle  of  the  same  side,  and  through  it  are  conveyed 
to  the  cerebellum ;  but  some  run  upward  with  the  fibers  of  the  lemniscus,  and, 
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reaching  the  inferior  colliculus,  undergo  decussation,  and  are  carried  to  the 
cerebellum  through  the  superior  peduncle. 

The  proper  fasciculi  {basis  bundles)  of  the  anterior  and  lateral  funiculi  largely 
consist  of  intersegmental  fibers,  which  link  together  the  different  segments  of  the 
medulla  spinalis;  they  assist  in  the  production  of  the  formatio  reticularis  of  the 
medulla  oblongata,  and  many  of  them  are  accumulated  into  a  fasciculus  which 
runs  up  close  to  the  median  raphe  between  the  lemniscus  and  the  rhomboid  fossa; 
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Dissection  of  brainstem.  Dorsal  view.  The  nuclear  nmeteoa  of  the  medulla  are  taken  fro«>  wodti  bj 
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named  the  medial  longitudinal  fasciculus,  and 


this  strand 
ferred  to. 

Gray  Substance  of  the  Medulla  Oblongata  (Figs.  712,  713). — In  addition  to  tb? 
gracile  and  cuneate  nuclei,  there  are  several  other  nuclei  to  be  considered 
of  these  are  traceable  from  the  gray  substance  of  the  medulla  spinalis,  while  others 
are  unrepresented  in  it. 
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I.  The  hypoglossal  nucleus  is  derived  from  the  base  of  the  anterior  column; 
the  lower  closed  part  of  the  medulla  oblongata  it  is  situated  on  the  ventro¬ 
lateral  aspect  of  the  central  canal;  but 
in  the  upper  part  it  approaches  the 
rhomboid  fossa,  where  it  lies  close  to 
the  middle  line,  under  an  eminence 
named  the  trigonum  hypoglossi  (Fig.  727). 
Numerous  fibers  connect  the  two  nuclei, 
both  nuclei  send  long  dendrons  across  the 
midline  to  the  opposite  nucleus;  commis¬ 
sure  fibers  also  connect  them .  The  nucleus 
measures  about  2  cm.  in  length,  and  con- 

7  6  2 

•  ; 


Fio.  710 — Superior  terxninariojHJ  of  the  posterior  fas¬ 
ciculi  of  the  medulla  spinalis.  1.  Posterior  median 
wlcu>  2  Fasciculus  irracUi*.  3.  Fasciculus  cuueatus. 
i  Gracile  nucleus.  5.  Cuneate  nucleus.  0,  6',  6". 
Sensory  fibers  forming  the  lemniscus.  7  Sensory 
decussation.  ft.  Cerebellar  fibers  uncrossed  (in  black). 
U  Cerebellar  fibers  crossed  (in  black).  (Teetut.) 


Fig.  7tL — Transverse  section  passing  through  the 
sensory  decussation.  (Schematic.)  1.  Anterior  median 
fissure.  2.  Posterior  median  sulcus.  3,  3.  Head  and 
base  of  anterior  column  (in  red)  4.  Hj-pogloasal  nerve. 
5.  Bases  of  posterior  columns  6.  Gracile  nucleus.  7. 
Cuneate  nucleus.  8,  8.  Lemniscus,  9.  Sensory  decus¬ 
sation.  10.  Cerebrospinal  fasciculus.  (Testut.) 


sists  of  large  multipolar  nerve  cells,  similar  to  thovse  in  the  anterior  column  of  the 
spinal  cord,  whose  axons  constitute  the  roots  of  the  hypoglossal  nerve.  These 
nerve  roots  leave  the  ventral  side  of  the  nucleus,  pass  forward  between  the  white 
reticular  formation  and  the  gray  reticular  formation,  some  between  the  inferior 
olivary  nucleus  and  the  medial  accessory  olivary  nucleus,  and  emerge  from  the 
antero-lateral  sulcus. 

2.  The  nucleus  ambiguus  (Figs.  714,  715),  the  somatic  motor  nucleus  of  the  glosso¬ 
pharyngeal,  vagus  and  cranial  portion  of  the  accessory  nerves,  is  the  continuation 
into  the  medulla  oblongata  of  the  dorso-latenxl  cell  group  of  the  anterior  column 
of  the  spinal  cord.  Its  large  multipolar  cells  are  like  those  in  the  anterior  column 
of  the  cord ;  they  form  a  slender  column  in  the  deep  part  of  the  formatio  reticularis 
grisea  about  midway  between  the  dorsal  accessory  olive  and  the  nucleus  of  the 
spinal  tract  of  the  trigeminal.  It  extends  from  the  level  of  the  decussation  of  the 
median  fillet  to  the  upper  end  of  the  medulla  oblongata.  Its  fibers  first  pass  back¬ 
ward  toward  the  floor  of  the  fourth  ventricle  and  then  curve  rather  abruptly 
laterahvard  and  ventrally  to  join  the  fibers  from  the  dorsal  nucleus. 

3.  The  dorsal  motor  nucleus  (Figs.  714,  716),  nucleus  ala  cinerea,  gives  rise  to 
fibers  which  innervate  the  heart  muscle  and  smooth  muscle.  Since  these  fibers 
belong  to  the  sympathetic  system  Malone  has  suggested  the  name  “sympathetic 
or  visceral  nucleus  of  the  vagus/*  It  consists  of  a  long  column  of  cells,  dorso-laterul 
to  the  hypoglossal  nucleus,  that  extend  from  the  lowest  level  of  the  medulla  to 
about  the  level  of  the  oral  pole  of  the  inferior  olive.  It  contains  two  types  of  motor 
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cell;..  The  stnsller  ones  give  rise  tie  pretwngHonw?  /sympathetic-  fihesiv  to'  .SnK**th 
muscle.  The  larger  cells  give  off  sympathetic  fibers  tft  the  bear*  muscle .  f  Fig*.  t>vlj 
4 -jTfe’iej:  are,  as  iNIaiojie*  Has  shown,  intermediate  iff  'sire  Iwnwei;  die  large 
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the  vagus  join  the  motor  roots  of  the  vagus  and  accessory  nerves,  and  are  distrib¬ 
uted  through  its  branches  and  plexuses  to  the  thorax  and  abdomen  where  they 
terminate  in  sympathetic  ganglia  (see  p.  978). 

4.  The  nucleus  of  the  tractus  solit&rius  is  a  long  slender  nucleus  extending  the 
entire  length  of  the  medulla.  It  lies  ventro-lateral  to  the  dorsal  motor  nucleus. 
The  caudal  ends  of  the  two  nuclei  on  the  two  sides  are  united  dorsal  to  the  central 
canal  in  the  closed  part  of  the  medulla.  The  cells  of  the  nucleus  partly  surround  the 
solitary  tract  and  in  part  lie  among  its  fibers.  The  fibers  of  the  facial  and  glosso¬ 
pharyngeal  nerves  terminate  in  the  oral  end  after  running  but  a  short  distance 
in  the  solitary"  tract.  It  is  especially  concerned  with  the  sense  of  taste.  In  the 
larger  part  of  the  nucleus  terminate  the  sympathetic  afferent  fibers  of  the  vagus 
after  running  in  the  solitary  tract  for  varying  distances.  Many  of  the  fibers  in  this 
nucleus  pass  to  the  dorsal  motor  nucleus. 

5.  The  nuclei  of  the  cochlear  and  vestibular  nerves  are  described  on  page  794. 

6.  The  olivary  nuclei  (Fig.  712) 
are  three  in  number  on  either  side 
of  the  middle  line,  viz.,  the  inferior 
olivary  nucleus,  and  the  medial 
and  dorsal  accessory  olivary  nu¬ 
clei;  they  consist  of  small,  round, 
yellowish  cells  and  numerous  fine 
nerve  fibers,  (a)  The  inferior  oli¬ 
vary  nucleus  is  the  largest,  and  is 
situated  within  the  olive.  It  con¬ 
sists  of  a  gray  folded  lamina  ar¬ 
ranged  in  the  form  of  an  incom¬ 
plete  capsule,  opening  medially 
by  an  aperture  called  the  hilum; 
emerging  from  the  hilum  are  num¬ 
erous  fibers  which  collectively 
constitute  the  peduncle  of  the 
dive.  The  axons,  olivocerebellar 
fibers,  which  leave  the  olivary 
nucleus  pass  out  through  the 
hilum  and  decussate  with  those 
from  the  opposite  olive  in  the 
raphe,  then  as  internal  arcuate  Nucleus  ambiguus 
fibers  they  pass  partly  through  (IX  and  X) 
and  partly  around  the  opposite 
olive  and  enter  the  inferior 
peduncle  to  be  distributed  to 
the  cerebellar  hemisphere  of  the 
opposite  side  from  which  they 
arise.  The  fibers  are  smaller 
than  the  internal  arcuate  fibers 
connected  with  the  median  lem¬ 
niscus.  Fibers  passing  in  the  op¬ 
posite  direction  from  the  cerebel¬ 
lum  to  the  olivary  nucleus  are 

Often  described  but  their  existence  Fig.  714. — The  cranial  nerve  nuclei  schematically  represented; 

•i  i  1  I _  _  _  dorsal  view.  Motor  nuclei  in  red;  sensory  in  blue.  (The  olfactory 

lsdoubtful.  Much  uncertainty  also  and  optic  centers  are  not  represented.) 

exists  in  regard  to  the  connections 

of  the  olive  and  the  spinal  cord.  Important  connections  between  the  cerebrum  and 
the  olive  of  the  same  side  exist  but  the  exact  pathway  is  unknown.  Many  collaterals 
from  the  reticular  formation  and  from  the  pyramids  enter  the  inferior  olivary 
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nucleus.  Removal  of  one  cerebellar  hemisphere  is  followed  by  atrophy  of  the 
opposite  olivary  nucleus.  ( b )  The  medial  accessory  olivary  nucleus  lies  between 
the  inferior  olivary  nucleus  and  the  pyramid,  and  forms  a  curved  lamina,  the  con¬ 
cavity  of  which  is  directed  laterally.  The  fibers  of  the  hypoglossal  nerve,  as  they 
traverse  the  medulla,  pass  between  the  medial  accessory  and  the  inferior  olivary 
nuclei.  ( c )  The  dorsal  accessory  olivary  nucleus  is  the  smallest,  and  appears  on 
transverse  section  as  a  curved  lamina  behind  the  inferior  olivary  nucleus. 

7.  The  nucleus  arcuatus  is  described  below  with  the  anterior  external  arcuate  fibers. 

Inferior  Peduncle  (rediform  body), — The  position  of  the  inferior  ipfedunefe  has 
already  been  described  (page  780).  Each  comprises: 

(1)  Fibers  from  the  dorsal  spinocerebellar  fasciculus,  which  arise  front  the  dorsai 
nucleus  of  the  same  side  of  the  spinal  cord  and  ascend  in  the  lateral  funiculus. 


Nucleus 

ambiguue 


Cervical  nerve# 


Fig  71  Jk — Nuclei  of  origin  of  ernnia)  motor  nerves  schematically  represented;  lateral  vie* 

(2)  The  olivocerebellar  fibers  chiefly  from  the  inferior  olivary  nucleus  of  the 
opposite  side  together  with  a  few  from  the  nucleus  of  the  same  side. 

(3)  Internal  arcuate  fibers  from  the  gracile  and  cuneate  nuclei  of  the  opposite sidiN 
these  fibers  form  the  deeper  and  larger  part  of  the  inferior  peduncle. 

(4)  The  anterior  external  arcuate  fibers  vary  as  to  their  prominence  in  different 
cases :  in  some  they  form  a  rt  almost  continuous  layer  covering  the  pyramid  and olh <*> 
while  in  others  they  are  barely  visible  on  the  surface.  They  arise  from  the  cell* 


from  the  ceii* 

of  the  gracile  and  curieate  nuclei,  and  passing  forward  through  the  fomiatiu  reticu¬ 
laris,  decussate  in  the  middle  line.  Most  of  them  reach  the  surface  by  way  of  the 
anterior  median  fissure,  and  arch  backward  over  the  pyramid.  Reinforced  by 
others  which  emerge  between  the  pyramid  and  olive,  they  pass  backward  over 
the  olive  arid  lateral  district  of  the  medulla  oblongata,  and  enter  the  inferior 
peduncle.  They  thus  connect  the  cerebellum  with  the  gracile  and  cuneate  nuclei  or 
the  opposite  side.  As  the  fibers  arch  across  the  pyramid,  they  enclose  a 
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nucleus  which  lies  in  front  of  and  medial  to  the  pyramid.  This  is  named  the  nucleus 
vcuatus,  and  is  serially  continuous  above  with  the  nuclei  pontis  in  the  pons;  it 
contains  small  fusiform  cells,  around  which  some  of  the  arcuate  fibers  end,  and 
from  which  others  arise. 


Fio.  71G. — Primary  termina  nuclei  of  the  afferent  (sensory)  cranial  nerves  schematically  represented;  lateral 
view.  The  olfactory  and  optic  centers  are  not  represented. 


Flo.  717. — Diagram  showing  the  course  of  the  arcuate  fibers.  (Testut.)  1.  Medulla  oblongata  anterior  surface. 
2.  Anterior  median  fissure.  3.  Fourth  ventricle.  4.  Inferior  olivary  nucleus,  with  the  accessory  olivary  nuclei.  5. 
Gracile  nucleus.  6.  Cuncate  nucleus.  7.  Trigeminal.  8.  Inferior  peduncles,  seen  from  in  front.  9.  Posterior  external 
arcuate  fibers.  10.  Anterior  external  arcuate  fibers.  11.  Internal  arcuate  fibers.  12.  Peduncle  of  inferior  olivary 
nucleus.  13.  Nucleus  arcuatus.  14.  Vagus.  15.  Hypoglossal. 
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(5)  The  posterior  external  arcuate  fibers  also  take  origin  in  the  gracile  and  cuneate 
nuclei;  they  pass  to  the  inferior  peduncle  of  the  same  side.  It  is  uncertain  whether 
fibers  are  continued  directly  from  the  gracile  and  cuneate  fasciculi  into  the  inferior 
peduncle. 

(6)  Fibers  from  the  terminal  sensory  nuclei  of  the  cranial  nerves,  especially  the 
vestibular.  Some  of  the  fibers  of  the  vestibular  nerve  are  thought  to  continue 
directly  into  the  cerebellum, 

(7)  Fibers  from  the  ventral  spinocerebellar  fasciculus. 

(8)  The  existence  of  fibers  from  the  cerebellum  (eerebellobulbar,  cerebelloolivan . 
and  cerebellospinal)  to  the  medulla  and  spinal  cord  is  very  uncertain. 


Fig.  7 IS. — The  formatio  reticularia  of  the  medulla  oblongata,  shown  by  a  transverse  section  ptuisiu*  thro 
middle  of  the  olive.  (Teatut.)  1. .  Anterior  inmtittu  tissim*.  2.  Fourth  ventricle.  3  Format io  rcuculwi^,  with  3 
ita  in  torual  part  {reticularis  alba),  and  3",  its  external  part.  rrctieuUn  *  grisea) .  4.  liaphA  5.  Pyramid,  t*. ,  Lepmm'ax 
7.  Inferior  olivary  nucleus  with  the  two  accessory  olivary  nuclei.  S  Hypoglossal  nerve,  with  S',  its  nuvleu#  of  onjte. 
Q.  Vagus  nerve,  with  9'.  its  nucleus  of  termination  JO.  Lateral  dorsal  acoustic  nucleus  II.  Nuclei;* 

(nucleus  of  origin  of  motor  fibers  of  glossopharyngeal,  vagus,  and  cerebral  portion  of  spinal  accessory >  12.  Grw-ii.t 

nucleus.  13.  Cuueute  nucleus.  14.  Head  of  posterior  column.  with  14',  the  lower  seusory  root  of  trijprmuisi  iaa** 
15.  Fasciculus  eolitarius.  16,  Anterior  external  arcuate  fibers,  with  lfif,  the  uucieus  wreuatus.  17.  XucWu*  btersia  - 
IS.  Nucleus  of  fasciculus  terca.  19.  Ligula. 

Formatio  Reticularis  (Fig.  718).— This  term  is  applied  to  the  coarse  reticulum 
which  occupies  the  anterior  and  lateral  districts  of  the  medulla  oblongata.  It 
is  situated  behind  the  pyramid  and  olive,  extending  laterally  as  far  as  the  inferior 
peduncles,  and  dorsally  to  within  a  short  distance  of  the  rhomboid  fossa,  The 
reticulum  is  caused  by  the  intersection  of  bundles  of  fibers  running  at  right  angles 
to  each  other,  some  being  longitudinal,  others  more  or  less  transverse  in  direction 
The  formatio  reticularis  presents  a  different  appearance  in  the  anterior  district  from 
what  it  does  in  the  lateral;  in  the  former,  there  is  an  almost  entire  absence  of  nerve 
cells,  and  hence  this  part  is  known  as  the  reticularis  alba;  whereas  in  the  lateral 
district  nerve  cells  are  numerous,  and  as  a  consequence  it  presents  a  gray  appear¬ 
ance,  and  is  termed  the  reticularis  grisea. 

In  the  substance  of  the  formatio  reticularis  are  two  small  nuclei  of  gray  matter 
one,  the  inferior  central  nucleus  (nucleus  of  Roller ),  near  the  dorsal  aspect  of  the  hiitii 
of  the  inferior  olivary  nucleus;  the  other,  the  nucleus  lateralis,  between  the  olive 
and  the  spinal  tract  of  the  trigeminal  nerve. 

In  the  reticularis  alba  the  longitudinal  fibers  form  two  well-defined  fasciculi, 
viz.:  (1)  the  lemniscus,  which  lies  close  to  the  raphe,  immediately  behind  the 
fibers  of  the  pyramid;  and  (2)  the  medial  longitudinal  fasciculus,  which  is  continued 
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upward  from  the  anterior  and  lateral  proper  fasciculi  of  the  medulla  spinalis,  and, 
in  the  upper  part  of  the  medulla  oblongata,  lies  between  the  lemniscus  and  the  gray 
substance  of  the  rhomboid  fossa.  The  longitudinal  fibers  in  the  reticularis  grisea 
are  derived  from  the  lateral  funiculus  of  the  medulla  spinalis  after  the  lateral 
cerebrospinal  fasciculus  has  passed  over  to  the  opposite  side,  and  the  dorsal  spino¬ 
cerebellar  fasciculus  has  entered  the  inferior  peduncle.  They  form  indeterminate 
fibers,  with  the  exception  of  a  bundle  named  the  fasciculus  solitarius,  which  is  made  up 
of  descending  fibers  of  the  vagus  and  glossopharyngeal  nerves.  The  transverse 
fibers  of  the  formatio  reticularis  are  the  arcuate  fibers  already  described  (page  788). 

The  Pons  (pans  Varoli).  —  The  pons  or  forepart  of  the  hind-brain  is  situ¬ 
ated  in  front  of  the  cerebellum.  From  its  superior  surface  the  cerebral  peduncles 
emerge,  one  on  either  side  of  the  middle  line.  Curving  around  each  peduncle,  close 
to  the  upper  surface  of  the  pons,  a  thin  white  band,  the  taenia  pontis,  is  frequently 
seen;  it  enters  the  cerebellum  between  the  middle  and  superior  peduncles.  Behind 
and  below,  the  pons  is  continuous  with  the  medulla  oblongata,  but  is  separated 
from  it  in  front  by  a  furrow  in  which  the  abducent,  facial,  and  acoustic  nerves 
appear. 

Its  ventral  or  anterior  surface  ( pars  basilaris  pontis)  is  very  prominent,  markedly 
convex  from  side  to  side,  less  so  from  above  downward.  It  consists  of  transverse 
fibers  arched  like  a  bridge  across  the  middle  line,  and  gathered  on  either  side  into 
a  compact  mass  which  forms  the  middle  peduncle.  It  rests  upon  the  clivus  of  the 
sphenoidal  bone,  and  is  limited  above  and  below  by  well-defined  borders.  In  the 
middle  line  is  the  sulcus  basilaris  for  the  lodgement  of  the  basilar  artery;  this  sulcus 
is  bounded  on  either  side  by  an  eminence  caused  by  the  descent  of  the  cerebrospinal 
fibers  through  the  substance  of  the  pons.  Outside  these  eminences,  near  the  upper 
border  of  the  pons,  the  trigeminal  nerves  make  their  exit,  each  consisting  of  a 
smaller,  medial,  motor  root,  and  a  larger,  lateral,  sensory  root;  vertical  lines 
drawn  immediately  beyond  the  trigeminal  nerves,  may  be  taken  as  the  boundaries 
between  the  ventral  surface  of  the  pons  and  the  middle  cerebellar  peduncle. 

Its  dorsal  or  posterior  surface  (pars  dorsalis  pontis) ,  triangular  in  shape,  is  hidden 
by  the  cerebellum,  and  is  bounded  laterally  by  the  superior  peduncle;  it  forms 
the  upper  part  of  the  rhomboid  fossa,  with  which  it  will  be  described. 

Structure  (Fig.  719). — Transverse  sections  of  the  pons  show  it  to  be  composed 
of  two  parts  which  differ  in  appearance  and  structure:  thus,  the  basilar  or  ventral 
portion  consists  for  the  most  part  of  fibers  arranged  in  transverse  and  longitudinal 
bundles,  together  with  a  small  amount  of  gray  substance;  while  the  dorsal  tegmental 
portion  is  a  continuation  of  the  reticular  formation  of  the  medulla  oblongata, 
and  most  of  its  constituents  are  continued  into  the  tegmenta  of  the  cerebral 
peduncles. 

The  basilar  part  of  the  pons  consists  of — (a)  superficial  and  deep  transverse 
fibers,  (b)  longitudinal  fasciculi,  and  (c)  some  small  nuclei  of  gray  substance, 
termed  the  nuclei  pontis  which  give  rise  to  the  transverse  fibers. 

The  superficial  transverse  fibers  (fibres  pontis  superfidales)  constitute  a  rather 
thick  layer  on  the  ventral  surface  of  the  pons,  and  are  collected  into  a  large 
rounded  bundle  on  either  side  of  the  middle  line.  This  bundle,  with  the  addition 
of  some  transverse  fibers  from  the  deeper  part  of  the  pons,  forms  the  greater  part 
of  the  brachium  pontis. 

The  deep  transverse  fibers  (fibres  pontis  profundee)  partly  intersect  and  partly 
lie  on  the  dorsal  aspect  of  the  cerebrospinal  fibers.  They  course  to  the  lateral 
border  of  the  pons,  and  form  part  of  the  middle  peduncle;  the  further  connections 
of  this  brachium  will  be  discussed  with  the  anatomy  of  the  cerebellum. 

The  longitudinal  fasciculi  (fasciculi  longitudinales)  are  derived  from  the  cerebral 
peduncles,  and  enter  the  upper  surface  of  the  pons.  They  stream  downward  on 
either  side  of  the  middle  line  in  larger  or  smaller  bundles,  separated  from  each 
other  by  the  deep  transverse  fibers;  these  longitudinal  bundles  cause  a  forward 
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projection  of  the.  superficial,  transverse  'fibers,  iuk)  thus  give,  rise- to  the  eminence 
on  tin-  antei/mr  siu  iaev.  Some  Of  these-  filters  -end'  to,  or  givtMjff  collateral  tin- 
nuclei  p<n>t-b.  An  important  pAthwuydi thus  Former!  betew  the  ccrtbnd  cork, 
aiiil  the  ecreliclltwi,  t.be.  TOvhig  Us^il  tjwly-lit  tliccbftfey and 

its  dxi hi  through  the  internal  capsule  ate:)  crtebrrd  peduncle  to  form  ^ytotpscs  Stiff 
by  terminals  or  Collaterals  With  cell  bodies  situated  in  the  nuclei  ptmtis.  Avon, 
from  these.  cell*  foj-ip  the  transverse  fibers  which  pass  through  the  middle  peduncle 
into  die  efuchhllum.  Others  after  decussating.  terminate  either  directly  or  indi¬ 
rectly -in  the  moim  nuclei  of  the  irlgptttimd.  al«lux.'eut-  facial,  and  hypogfesi' 
i;..i  \  ..'s;  hiit  tilted  of  thein  are- -Tarried'  through  the  pons,  and  at  it-  lemvt  citem 
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Fra  ?t{h  through  upptr  pari  of  <W  ports-  (ViHigtr,) 


Probably  hoik*  of  the  collaterals  or  terminal  M.  r5 u*  emdjro.-pijial  and  o*. f- 
bulbar  filwrveud  directly  ^ri  d»e  vnolor  riucjei  of  the  ?pjnal  a  ml  eraiittd  nerves.  onv  -i< 
more  as.-oeiuti«u'i  uourptis  tin:,  probably  interpolated  in  rhe pathway. 

The  nuclei  pontu  are ^ertnily'  yohthiiAoU^  with  tlie  uix'Viatt*  nUelei  in 
and  consist  of  small  groups  of  -multipolar  nerve  cells  which  are  scat>crv<:id*r^v^ 
the  bundles  of  transverse  fibers. 

The  dorsal  or  tegmenta!  part  of  the  pons  is  dm  fh  composed  ■ot'  »n  up\Wrst  m* 
t  foliation  of  the  reticular  formation  and  ynev  snlvstanee  Of  the  medulla 
It  consists  of  t ran> vt-rse  and  longitudinal  fibers  and  also  eont«ins  M;p<)runt  g&f-. 
nuclei,  aml  is: -subdivided  by  <i  median  raphe,  which,  however,  does  not  vstml  i&$. 
tiie  ba.Miar  [*art.  being-  olditcruteil  by  the  tmnsverse  fibers,'  The  transverse  f^rv 
ip  the  lower  part  of  the  pons  are  collected  into  a  distinct:  strand,  mwM  d>t 
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trapesoid  body.  This  consists  of  fibers  which  arise  from  the  cells  of  the  cochlear 
nucleus,  and  will  be  referred  to  in  connection  with  the  cochlear  division  of  the 
acoustic  nerve.  In  the  substance  of  the  trapezoid  body  is  a  collection  of  nerve 
cells,  w  hich  constitutes  the  trapesoid  nucleus.  The  longitudinal  fibers,  which  are 
continuous  with  those  of  the  medulla  oblongata,  are  mostly  collected  into  two 
fasciculi  on  either  side.  One  of  these  lies  between  the  trapezoid  body  and 
the  reticular  formation,  and  forms  the  upward  prolongation  of  the  lemniscus; 
the  second  is  situated  near  the  floor  of  the  fourth  ventricle,  and  is  the  medial 
longitudinal  fasciculus.  Other  longitudinal  fibers,  more  diffusely  distributed,  arise 
from  the  cells  of  the  gray  substance  of  the  pons. 

The  rest  of  the  dorsal  part  of  the  pons  is  a  continuation  upward  of  the  formatio 
reticularis  of  the  medulla  oblongata,  and,  like  it,  presents  the  appearance  of  a  net¬ 
work,  in  the  meshes  of  which  are  numerous  nerve  cells.  Besides  these  scattered 
nerve  cells,  there  are  some  larger  masses  of  gray  substance,  viz.,  the  superior 
olivary  nucleus  and  the  nuclei  of  the  trigeminal,  abducent,  facial,  and  acoustic 
nerves  (Fig.  714). 

1.  The  superior  olivary  nucleus  (nucleus  olivaris  superior)  is  a  small  mass  of  gray 
substance  situated  on  the  dorsal  surface  of  the  lateral  part  of  the  trapezoid  body. 
Rudimentary  in  man,  but  well  developed  in  certain  animals,  it  exhibits  the  same 
structure  as  the  inferior  olivary  nucleus,  and  is  situated  immediately  above  it. 
Some  of  the  fibers  of  the  trapezoid  body  end  by  arborizing  around  the  cells  of 
this  nucleus,  while  others  arise  from  these  cells. 

2.  The  nuclei  of  the  trigeminal  nerve  ( nuclei  n.  trigemini)  in  the  pons  are  two  in 
number:  a  motor  and  a  sensory.  The  motor  nucleus  is  situated  in  the  upper  part  of 
the  pons,  close  to  its  posterior  surface  and  along  the  line  of  the  lateral  margin  of  the 
fourth  ventricle.  It  is  serially  homologous  writh  the  nucleus  ambiguus  and  the 
dorso-lateral  cell  group  of  the  anterior  column  of  the  spinal  cord.  The  axis-cylinder 
processes  of  its  cells  form  the  motor  root  of  the  trigeminal  nerve.  The  mesen¬ 
cephalic  root  arises  from  the  gray  substance  of  the  floor  of  the  cerebral  aqueduct, 
joins  the  motor  root  and  probably  conveys  fibers  of  muscle  sense  from  the  tem¬ 
poral,  masseter  and  pterygoid  muscles.  It  is  not  altogether  clear  whether  the 
mesencephalic  root  is  motor  or  sensory.  The  sensory  nucleus  is  lateral  to  the 
motor  one,  and  beneath  the  superior  peduncle.  Some  of  the  sensory  fibers  of 
the  trigeminal  nerve  end  in  this  nucleus;  but  the  greater  number  descend,  under  the 
name  of  the  spinal  tract  of  the  trigeminal  nerve,  to  end  in  the  substantia  gelatinosa 
of  Rolando.  The  roots,  motor  and  sensory,  of  the  trigeminal  nerve  pass  through 
the  substance  of  the  pons  and  emerge  near  the  upper  margin  of  its  anterior  surface. 

3.  The  nucleus  of  the  abducent  nerve  ( nucleus  n .  abducentis)  is  a  circular  mass  of 
gray  substance  situated  close  to  the  floor  of  the  fourth  ventricle,  above  the  striae 
medullares  and  subjacent  to  the  medial  eminence:  it  lies  a  little  lateral  to  the 
ascending  part  of  the  facial  nerve.  The  fibers  of  the  abducent  nerve  pass  forward 
through  the  entire  thickness  of  the  pons  on  the  medial  side  of  the  superior  olivary 
nucleus,  and  between  the  lateral  fasciculi  of  the  cerebrospinal  fibers,  and  emerge 
in  the  furrow  between  the  lower  border  of  the  pons  and  the  pyramid  of  the 
medulla  oblongata. 

4.  The  nucleus  of  the  facial  nerve  ( nucleus  n .  fascialis)  is  situated  deeply  in  the 
reticular  formation  of  the  pons,  on  the  dorsal  aspect  of  the  superior  olivary  nucleus, 
and  the  roots  of  the  nerve  derived  from  it  pursue  a  remarkably  tortuous  course  in 
the  substance  of  the  pons.  At  first  they  pass  backward  and  medialward  until  they 
reach  the  rhomboid  fossa,  close  to  the  median  sulcus,  where  they  are  collected  into 
a  round  bundle;  this  passes  upward  and  forward,  producing  an  elevation,  the 
colliculus  facialis,  in  the  rhomboid  fossa,  and  then  takes  a  sharp  bend,  and  arches 
lateralward  through  the  substance  of  the  pons  to  emerge  at  its  lower  border  in 
the  interval  between  the  olive  and  the  inferior  peduncle  of  the  medulla  oblongata. 
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5.  The  nucleus  of  the  cochlear  nerve  consists  of :  (a)  the  lateral  cochlear  nucleus, 
corresponding  to  the  tuberculum  acusticum  on  the  dorso-lateral  surface  of  the 
inferior  peduncle;  and  ( b )  the  ventral  or  accessory  cochlear  nucleus9  placed  between 
the  two  divisions  of  the  nerve,  on  the  ventral  aspect  of  the  inferior  peduncle. 

The  nuclei  of  the  vestibular  nerve,  (a)  The  medial  (dorsal  or  chief  vestibnlir 
nucleus),  corresponding  to  the  lower  part  of  the  area  acustica  in  the  rhomboid 
fossa;  the  caudal  end  of  this  nucleus  is  sometimes  termed  the  descending  or  spinal 
vestibular  nucleus.  (6)  The  lateral  or  nucleus  of  Deiters,  consisting  of  large  cells 
and  situated  in  the  lateral  angle  of  the  rhomboid  fossa;  the  dorso-lateral  part  of 
this  nucleus  is  sometimes  termed  the  nucleus  of  Bechterew. 

The  fibers  of  the  vestibular  nerve  enter  the  medulla  oblongata  on  the  medial 
side  of  those  of  the  cochlear,  and  pass  between  the  inferior  peduncle  and  the  spinal 
tract  of  the  trigeminal.  They  then  divide  into  ascending  and  descending  fibers. 
The  latter  end  by  arborizing  around  the  cells  of  the  medial  nucleus,  which  is  situ¬ 
ated  in  the  area  acustica  of  the  rhomboid  fossa.  The  ascending  fibers  either  end 
in  the  same  manner  or  in  the  lateral  nucleus,  which  is  situated  lateral  to  the  area 
acustica  and  farther  from  the  ventricular  floor.  Some  of  the  axons  of  the  cells  of 
the  lateral  nucleus,  and  possibly  also  of  the  medial  nucleus,  are  continued  upward 
through  the  inferior  peduncle  to  the  roof  nuclei  of  the  opposite  side  of  the  cere¬ 
bellum,  to  which  also  other  fibers  of  the  vestibular  root  are  prolonged  without 
interruption  in  the  nuclei  of  the  medulla  oblongata.  A  second  set  of  fibers  from 
the  medial  and  lateral  nuclei  end  partly  in  the  tegmentum,  while  the  remainder 
ascend  in  the  medial  longitudinal  fasciculus  to  arborize  around  the  cells  of  the 
nuclei  of  the  oculomotor  nerve. 

The  Cerebellum. — The  cerebellum  constitutes  the  largest  part  of  the  hind¬ 
brain.  It  lies  behind  the  pons  and  medulla  oblongata;  between  its  central  portion 
and  these  structures  is  the  cavity  of  the  fourth  ventricle.  It  rests  on  the  inferior 
occipital  fossae,  while  above  it  is  the  tentorium  cerebelli,  a  fold  of  dura  mater 
which  separates  it  from  the  tentorial  surface  of  the  cerebrum.  It  is  somewhat 
oval  in  form,  but  constricted  medially  and  flattened  from  above  downward,  its 
greatest  diameter  being  from  side  to  side.  Its  surface  is  not  convoluted  like  that 
of  the  cerebrum,  but  is  traversed  by  numerous  curved  furrows  or  sulci,  which 
vary  in  depth  at  different  parts,  and  separate  the  laminae  of  which  it  is  composed. 
Its  average  weight  in  the  male  is  about  150  gms.  In  the  adult  the  propor¬ 
tion  between  the  cerebellum  and  cerebrum  is  about  1  to  8,  in  the  infant  about 
1  to  20. 

Lobes  of  the  Cerebellum. — The  cerebellum  consists  of  three  parts,  a  median  and 
twTo  lateral,  which  are  continuous  w  ith  each  other,  and  are  substantially  the  same 
in  structure.  The  median  portion  is  constricted,  and  is  called  the  vermis,  from  its 
annulated  appearance  which  it  owes  to  the  transverse  ridges  and  furrow  s  upon  it; 
the  lateral  expanded  portions  are  named  the  hemispheres.  On  the  upper  surface 
of  the  cerebellum  the  vermis  is  elevated  above  the  level  of  the  hemispheres,  but 
on  the  under  surface  it  is  sunk  almost  out  of  sight  in  the  bottom  of  a  deep  depres¬ 
sion  between  them;  this  depression  is  called  the  vallecula  cerebelli,  and  lodges  the 
posterior  part  of  the  medulla  oblongata.  The  part  of  the  vermis  on  the  upper 
surface  of  the  cerebellum  is  named  the  superior  vermis;  that  on  the  lower  surface, 
the  inferior  vermis.  The  hemispheres  are  separated  belowr  and  behind  by  a  deep 
notch,  the  posterior  cerebellar  notch,  and  in  front  by  a  broader  shallower  notch, 
the  anterior  cerebellar  notch.  The  anterior  notch  lies  close  to  the  pons  and  upper 
part  of  the  medulla,  and  its  superior  edge  encircles  the  inferior  colliculi  and  the 
superior  cerebellar  peduncle.  The  posterior  notch  contains  the  upper  part  of  the 
falx  cerebelli,  a  fold  of  dura  mater. 

The  cerebellum  is  characterized  by  a  laminated  or  foliated  appearance;  it  is 
marked  by  deep,  somew hat  curved  fissures,  which  extend  for  a  considerable  dis- 
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taoee  into  its  substance,  and  divide  it  into  a  series  of  layers  or  leaves.  The  largest 
sn»i  'id bepest  fissure  dWruuned  the  bprtwnitftl  sulcus. 

pons,  and  passes  "horismatally  around  the  free  margiet  of  the  hemisphere  ip:  the 
middle  line  bthiprt,  atvi  divides  the- cerebellum  into  an  . tipper  and  a  Soft  er  portion. 
Several  secondary  but  deep  fissures  separate  the  cereheSHfin  find  these 

are  further  sybdivlrfei  by  shallower  sulta*  which  separate  the  individual  iolis  or 
inrnirue  from  each  other  Sections  across  the.  iamitne  show  that  the  folia,  though 
differing  in  appearance  from  the  involutions  of;  the- cerebrum,  are  analogous 
to  them,  inssfiliK'h  as  they  consist  of  central  white  substance  eyveml  by  gray 
substance,  vV:'-V  .  "  -  -yi  ’•  '  ,  ,  'l 

The  cetebeilvm*  is  connected  to  the  eehediirtyn;,  pons,  and  medulla  oblongata; 
to  the  cerebrum  by  the  superior peduncle,  to the  puns  by  the ^  petluuefep 

and  to  the  ixvwiulla  ohipngftta  by  the  inn  .s  aa  ix-dunclt's. 

AMI vbuli wntnilifi  •  PrtKoV.n/ fW«  •  • .'  .. 


'20.  —Upper  surface  ft*  the-  corchoUugi  •  J 


The  upper  surface  of  the  cerebellum  Tig,  720)  is  elevated in  th*  middle  and  sloped 
toward  the  etreumference,  the  hemispheres  l>emg  eo«tneeted  together  by  the  supe¬ 
rior  vermis,  which  assume;-  the  form  of  a  raised  'median  ridge,  most  prominent 
in  front,  but  not  sharply  defined  front  the  hemispheres.  The  superior  vermis  is 
subdivided  from  before  bavkwH,rd  into  the  lingula*  the  loVutfe  centralis,  tbemon- 
ticulus  and  the  folium  vermis,  and  each  of  these,  with,  the  exception  of  the  lingula, 
V  continuous  with  the  Corresponding  parts  of  the  hemispheres -'--the  lobulus 
eentraii*  with  the  abt\  the  nadntieylus  with  the  «lUadrangular  bbfifes.  and  the 
folium  vermis- with  the  superior  semdumir  lobules. 

The  lingula  (lingula  verebcHi)  is  <*  small  tongue-,' dipped  process,  consisting  of 
four  or  five  folia:  it  lies  in  frpnt  of  the  lobulus  centralis,  and  b  concealed -  fey  it. 
Anteriorly,  jt  rests  mt  the  dorsal  snrfaiye  of  the  anterior  uicdwHary  yulueu.  and  its 
white  substance  is  continuous  with  that  of  the  velupi. 

The  Lobulus  Centralis  and  Aiae.— -The  lobulus  centralis  is  a  small  squire  lobule, 
stunted  in  the  anterior  cerebellar  notch,  It  overlaps  the  lingula,  front  Which  it 
is  separated  by  the  precenpal  Sssure:  {ateriilly,  it  extends  along  thg  upper  and 
anterior  part  of  each  hemisphere,  where  ft  forms  ft:  wing-like  prolongation.  the.  ala 
lobuli  centralis.  ;/'■  '  ,;  .  ; 

The  Monticulus  and  Quadrangular  Lobules.-’- The  nionticulus  is  the  largest  part 
of  thti  superior  vermis.  Anteriorly,  it.  overlaps  the  iobuius  ivulraiis.  front  which 
it  is  separated  by  the  postcentral  fissure;  laterailyy  it  is  continuous  with  the  quad¬ 
rangular  lobule  in  tin.1  hemispheres.  It  is  divided  by  the  prechval  fissure  into  an 
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anterior*.  rfitfed  part,  the  cutmeo  or  summit,  and  a  posterior sloped  part,. the  dim;, 
th^  qua^ratigMUir  lobiile 'fe. Similarly  divided.  The  cutmtfv -Mid -^its¬ 
elf  the  ejmxdrangubf  lobules  form  the  .tabus  tbfc  vtivm-  njriA  the  posterior 

parts,  the  tabus  cirri,  -  .'  .’•■•’ ;  b 

•The  Folium  Vermis  &nd  Superior  S emilmite  Xi0bul©>^3-he folium  Tennis  (folium 
cac\tx)iinU;  atcammil  lobe)  is  a  short,  narrow,  concealed  "ffl  posterior 
extreoxity  of  the  vermis*  coirs  rat  mg  apparently  of  a  siog]e  foIiurxi,  ^mt  Lb  reality 
marked  on  its  upper  and  under  surfaces  bv  secondary  figures.  Laterally,  it 
expands  in  either  hemisphere  into  a  considerable  lobule,  the  superior  aemitaar 
lobule  t.M)uht9  Mmiluimri*  fiHprrior;  p&ateti&ktt jttwor  Johnh:y),  which  fkenpies  the 
posterior  third  o£  the  upper  ^urf^r*e  of  the  htnmsphtfre,  anVMs  bound e^l  below  by 
the  horisomai  sulcus.  The  Superior  $et«ilmiar.;lohufe -arid  the  folium  vermis  form 
the  tabus  semilunaris. 


Jt  fa  teful*  Ptnimli*  Fl^rulyt. 


«*xt*ceui  tlie  cei^beUuin.  (Sc^afwr- 

The  under  surface  trt  the  cerebellum  (Fig,  7.21)  presents,  iri  the  middle |me,  the 
inferior  vermis.  buried  in  the  vallecula,  and  separated  from  die  hemisphere  on  either 
side  by  a  deep  groove,  the  sulcus  yallaciito,  .Here.  as  m  the  upper  surface,  there 
are  deep  fissures,  dividing  it  into  separate ..segmerrts  or  hdtules;  hut  the  arrangement 
is  itiotv  complicated,  and  the  relation  of  the  segments  of  the  vermis  to  those  U  the 
hemispheres  is  (ess  dearly  marked  The  inferior  vermin  is  subdivided  from  before 
.•backward,,  in  to  fl)  the  nodule.  (2)  the  uvula,  ifo)  the  pyramid,  owl  (L)  the  cubtr 
vermis;  the  corresponding parts  on  the  hemispheres  are  fl)  the  ftocctiiua,  (iM  the 
tousilla  cerebetti.  fit)  the  btvential  lobule,  and  (4)  the  inferior  semdanar  lobule.  The 
.  three  raa  in '  fissure*  arc  0  )  the  fissure,  which  rums-  transversely  -across 

thfr  vermj.Sj  Wtwtffctt  the  nodule  and  the. .-uvula,  Ifi  the  hemispheres  this  fissure 
passes  in  front  of  the  tonsil,  crosses  between  the  &*enily-;nri  front  and  the hi  ventral 
lobule  behind,  and  joins  the  anterior  cud  of  the  horizontal  sulcus.  (2j  The  pre- 
pyramidsl  .fissure  crosses  the  vermis  between  the  uvula,  in  front  and  the  pyrmSd 
behmde  then  curves  forward  between  the  tonsil  ami  the  biventral  lobe*  to  join 
the  p«M nodular  figure:,  C>)  Thv  poatpjntawaidal  lissut«  passes  across  the  vermis 
between  the  pyramid  arid  the  lulver  vermis,  and.  in  the  hemispheres,  courses 
behind  the  fcriis.il  jrtw.|  biventral  tabules*  arid  then  along  the  ..lateral  border  of  the 
biventral  lobule  U>  thC  |>Osthodular  sulcus;  in  .ihe  hemisphtTC  it  forms  the  anterior 
bomidiirysd  the  inferior  semilunar  lobule. 

The  Nodule  and  FIoccoIus  -TIjc  aedote^?^^  f/ii^vyor  aniem^ 

end  of  the  inferior  Vermin  abuts  against  the  roof  of  the  fourth  ventricle,  andean 
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only  be  distinctly  seen  after  the  cerebellum  has  been  separated  from  the  medulla 
oblongata  and  pons.  On  either  side  of  the  nodule  is  a  thin  layer  of  white  sub¬ 
stance,  named  the  posterior  medullary  velum.  It  is  semilunar  in  form,  its  convex 
border  being  continuous  with  the  white  substance  of  the  cerebellum;  it  extends 
on  either  side  as  far  as  the  flocculus.  The  flocculus  is  a  prominent,  irregular 
lobule,  situated  in  front  of  the  biventral  lobule,  between  it  and  the  middle  cere¬ 
bellar  peduncle.  It  is  subdivided  into  a  few  small  laminse,  and  is  connected  to 
the  inferior  medullary  velum  by  its  central  white  core.  The  flocculi,  together 
with  the  posterior  medullary  velum  and  nodule,  constitute  the  lobus  noduli. 

The  Uvula  and  Tonsilla. — The  uvula  {uvula  vermis ;  uvular  lobe )  forms  a  consid¬ 
erable  portion  of  the  inferior  vermis;  it  is  separated  on  either  side  from  the  tonsil 
by  the  sulcus  vallecula,  at  the  bottom  of  which  it  is  connected  to  the  tonsil  by  a 
ridge  of  gray  matter,  indented  on  its  surface  by  shallow  furrows,  and  hence  called 
the  furrowed  band.  The  tonsilla  {tonsilla  cerebelli;  amygdaline  nucleus)  is  a  rounded 
mass,  situated  in  the  hemispheres.  Each  lies  in  a  deep  fossa,  termed  the  bird’s 
nest  {nidus  avis),  between  the  uvula  and  the  biventral  lobule.  The  uvula  and  ton¬ 
silla  form  the  lobus  uvula. 

The  Pyramid  and  Biventral  lobules  constitute  the  lobus  pyramidis.  The  pyramid 
is  a  conical  projection,  forming  the  largest  prominence  of  the  inferior  vermis. 
It  is  separated  from  the  hemispheres  by  the  sulcus  vallecula,  across  which  it  is 
connected  to  the  biventral  lobule  by  an  indistinct  gray  band,  analogous  to  the 
furrowed  band  already  described.  The  biventral  lobule  is  triangular  in  shape; 
its  apex  points  backward,  and  is  joined  by  the  gray  band  to  the  pyramid.  The 
lateral  border  is  separated  from  the  inferior  semilunar  lobule  by  the  postpyramidal 
fissure.  The  base  is  directed  forward,  and  is  on  a  line  with  the  anterior  border  of 
the  tonsil,  and  is  separated  from  the  flocculus  by  the  postnodular  fissure. 

The  Tuber  Vermis  {tuber  valvulce)  and  the  Inferior  Semilunar  Lobule  {lobulus  semi¬ 
lunaris  inferior;  postero-superior  lobule)  collectively  form  the  lobus  tuberus  {tuberce 
lobe).  The  tuber  vermis,  the  most  posterior  division  of  the  inferior  vermis,  is  of 
small  size,  and  laterally  spreads  out  into  the  large  inferior  semilunar  lobules, 
which  comprise  at  least  two-thirds  of  the  inferior  surface  of  the  hemisphere. 

Internal  Structure  of  the  Cerebellum. — The  cerebellum  consists  of  white  and  gray 
substance. 

White  Substance. — If  a  sagittal  section  (Fig.  722)  be  made  through  either  hemi¬ 
sphere,  the  interior  will  be  found  to  consist  of  a  central  stem  of  white  substance, 
in  the  middle  of  which  is  a  gray  mass,  the  dentate  nucleus.  From  the  surface  of  this 
central  white  stem  a  series  of  plates  is  prolonged;  these  are  covered  with  gray 
substance  and  form  the  laminae.  In  consequence  ©f  the  main  branches  from  the 
central  stem  dividing  and  subdividing,  a  characteristic  appearance,  named  the 
arbor  vita,  is  presented.  If  the  sagittal  section  be  made  through  the  middle  of 
the  vermis,  it  will  be  found  that  the  central  stem  divides  into  a  vertical  and  a  hor¬ 
izontal  branch.  The  vertical  branch  passes  upward  to  the  culmen  monticuli, 
where  it  subdivides  freely,  one  of  its  ramifications  passing  forward  and  upward 
to  the  central  lobule.  The  horizontal  branch  passes  backward  to  the  folium  vermis, 
greatly  diminished  in  size  in  consequence  of  having  given  off  large  secondary 
branches;  one,  from  its  upper  surface,  ascends  to  the  clivus  monticuli;  the  others 
descend,  and  enter  the  lobes  in  the  inferior  vermis,  viz.,  the  tuber  vermis,  the 
pyramid,  the  uvula,  and  the  nodule. 

The  white  substance  of  the  cerebellum  includes  two  sets  of  nerve  fibers:  (1) 

projection  fibers,  (2)  fibres  propria. 

Projection  Fibers. — The  cerebellum  is  connected  to  the  other  parts  of  the  brain 
by  three  large  bundles  of  projection  fibers,  viz.,  to  the  cerebrum  by  the  superior 
peduncle,  to  the  pons  by  the  middle  peduncle,  and  to  the  medulla  oblongata  by 
the  inferior  peduncles  (Fig.  723). 


■7.9&  FWWLQGY 

Th*  superior  eetafeeUar  pedansi&s  (§rutfu<i  wnijunutiva),  turn  in  ruunltef,  emerjfr 
from  tjbe  ap|?er  arid  oiediiil  psM  of  ifewfiite  substance  of  the  hemispheres  and 
are  placed  Midrirmrer  of  the  upper  part  salihe verebelirioi.  They  are  joined  breach 
other  across  the  middle  line  by  the  anterior  medullary  velum,  and  can  be  followed 
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upward  «s  far  as  the. inferior  eollieub,  under  ‘which  they  disappear.  Bdub  .  tbev 
foi^.tl»;upperlatecaf.bpajtidan%j4f%^'fbWftb'  ventricle,  but  as  they  asefcnd  the* 
converge  cm  the  dorsal  aspect  of  the  c  cm  ride  and  thus  assist  in  rooting  it  in. 

The  fibers  of  the  superior  siedunoio  :dfei  mainly  derived  front  the  ceils  <4  !*'u 
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dentate  nucleus  of  the  cerebellum  and  emerge  from  the  hilus  of  this  nucleus; 
a  few  arise  from  the  cells  of  the  smaller  gray  nuclei  in  the  cerebellar  white  sub¬ 
stance,  and  others  from  the  cells  of  the  cerebellar  cortex.  They  are  continued 
upward  beneath  the  corpora  quadrigemina,  and  the  fibers  of  the  two  peduncles  under¬ 
go  a  complete  decussation  ventral  to  the  Sylvian  aqueduct.  Having  crossed  the 
middle  line  they  divide  into  ascending  and  descending  groups  of  fibers,  the  former 
ending  in  the  red  nucleus,  the  thalamus,  and  the  nucleus  of  the  oculomotor  nerve, 
while  the  descending  fibers  can  be  traced  as  far  as  the  dorsal  part  of  the  pons; 
Cajal  believes  them  to  be  continued  into  the  anterior  funiculus  of  the  medulla 
spinalis. 

As  already  stated  (page  767),  the  majority  of  the  fibers  of  the  ventral  spino¬ 
cerebellar  fasciculus  of  the  medulla  spinalis  pass  to  the  cerebellum,  which  they 
reach  by  way  of  the  superior  peduncle. 

The  middle  cerebellar  peduncles  ( brachiapontis )  (Fig.  723)  are  composed  entirely  of 
centripetal  fibers,  which  arise  from  the  cells  of  the  nuclei  pontis  of  the  opposite  side 
and  end  in  the  cerebellar  cortex;  the  fibers  are  arranged  in  three  fasciculi,  superior, 
inferior,  and  deep.  The  superior  fasciculus,  the  most  superficial,  is  derived  from 
the  upper  transverse  fibers  of  the  pons;  it  is  directed  backward  and  lateral  ward 
superficial  to  the  other  two  fasciculi,  and  is  distributed  mainly  to  the  lobules  on 
the  inferior  surface  of  the  cerebellar  hemisphere  and  to  the  parts  of  the  superior 
surface  adjoining  the  posterior  and  lateral  margins.  The  inferior  fasciculus  is 
formed  by  the  lowest  transverse  fibers  of  the  pons;  it  passes  under  cover  of  the 
superior  fasciculus  and  is  continued  downward  and  backward  more  or  less  parallel 
with  it,  to  be  distributed  to  the  folia  on  the  under  surface  close  to  the  vermis. 

The  deep  fasciculus  comprises  most  of  the  deep  transverse  fibers  of  the  pons. 
It  is  at  first  covered  by  the  superior  and  inferior  fasciculi,  but  crosses  obliquely 
and  appears  on  the  medial  side  of  the  superior,  from  which  it  receives  a  bundle; 
its  fibers  spread  out  and  pass  to  the  upper  anterior  cerebellar  folia.  The  fibers 
of  this  fasciculus  cover  those  of  the  restiform  body.1 

The  inferior  cerebellar  peduncles  ( restiform  bodies)  pass  at  first  upward  and  lateral- 
ward,  forming  part  of  the  lateral  walls  of  the  fourth  ventricle,  and  then  bend 
abruptly  backward  to  enter  the  cerebellum  between  the  superior  and  middle 
peduncles.  Each  contains  the  following  fasciculi:  (1)  the  dorsal  spinocerebellar 
fasciculus  of  the  medulla  spinalis,  which  ends  mainly  in  the  superior  vermis;  (2) 
fibers  from  the  gracile  and  cuneate  nuclei  of  the  same  and  of  the  opposite  sides; 
(3)  fibers  from  the  opposite  olivary  nuclei;  (4)  crossed  and  uncrossed  fibers  from  the 
reticular  formation  of  the  medulla  oblongata;  (5)  vestibular  fibers,  derived  partly 
from  the  vestibular  division  of  the  acoustic  nerve  and  partly  from  the  nuclei  in 
which  this  division  ends — these  fibers  occupy  the  medial  segment  of  the  inferior 
peduncle  and  divide  into  ascending  and  descending  groups  of  fibers,  the  ascending 
fibers  partly  end  in  the  roof  nucleus  of  the  opposite  side  of  the  cerebellum ;  (6) 
cerebellobulbar  fibers  which  come  from  the  opposite  roof  nucleus  and  probably 
from  the  dentate  nucleus,  and  are  said  to  end  in  the  nucleus  of  Deiters  and  in  the 
formatio  reticularis  of  the  medulla  oblongata;  (7)  some  fibers  from  the  ventral 
spinocerebellar  fasciculus  are  said  to  join  the  dorsal  spinocerebellar  fasciculus. 

The  anterior  medullary  velum  ( velum  medullare  anterius;  valve  of  Vieussens;  superior 
medullary  velum)  is  a  thin,  transparent  lamina  of  white  substance,  whjch  stretches 
between  the  superior  peduncle;  on  the  dorsal  surface  of  its  lower  half  the  folia 
and  lingula  are  prolonged.  It  forms,  together  with  the  superior  peduncle,  the 
roof  of  the  upper  part  of  the  fourth  ventricle;  it  is  narrow  above,  where  it  passes 
beneath  the  inferior  colliculi,  and  broader  below,  w  here  it  is  continuous  with  the 
white  substance  of  the  superior  vermis.  A  slightly  elevated  ridge,  the  franulum 


1  See  article  by  E.  B.  Jamieson,  Journal  of  Anatomy  and  Physiology,  vol.  4  \ 
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veli,  descends  upon  its  upper  part  from  between  the  inferior  colliculi,  and  on  either 
side  of  this  the  trochlear  nerve  emerges. 

The  posterior  medullary  velum  {velum  meduUare  posterius;  inferior  medullary  velum) 
is  a  thin  layer  of  white  substance,  prolonged  from  the  white  center  of  the  cerebellum, 
above  and  on  either  side  of  the  nodule;  it  forms  a  part  of  the  roof  of  the  fourth 
ventricle.  Somewhat  semilunar  in  shape,  its  convex  edge  is  continuous  with  the 
white  substance  of  the  cerebellum,  while  its  thin  concave  margin  is  apparently 
free;  in  reality,  however,  it  is  continuous  with  the  epithelium  of  the  ventricle, 
which  is  prolonged  downward  from  the  posterior  medullary  velum  to  the  ligulae. 

The  two  medullary  vela  are  in  contact  with  each  other  along  their  line  of  emer¬ 
gence  from  the  white  substance  of  the  cerebellum;  and  this  line  of  contact  forms 
the  summit  of  the  roof  of  the  fourth  ventricle,  which,  in  a  vertical  section  through 
the  cavity,  appears  as  a  pointed  angle. 

The  Fibra  Propriae  of  the  cerebellum  are  of  two  kinds:  (1)  commissural  fibers, 
which  cross  the  middle  line  at  the  anterior  and  posterior  parts  of  the  vermis  and 
connect  the  opposite  halves  of  the  cerebellum;  (2)  arcuate  or  association  fibers, 
which  connect  adjacent  laminae  with  each  other. 

Gray  Substance. — The  gray  substance  of  the  cerebellum  is  found  in  two  situations: 
(1)  on  the  surface,  forming  the  cortex;  (2)  as  independent  masses  in  the  interior. 

(1)  The  gray  substance  of  the  cortex  presents  a  characteristic  foliated  appearance, 
due  to  the  series  of  laminae  which  are  given  off  from  the  central  white  substance; 
these  in  their  turn  give  off  secondary  laminae,  which  are  covered  by  gray  substance. 
Externally,  the  cortex  is  covered  by  pia  mater;  internally  is  the  medullary  center, 
consisting  mainly  of  nerve  fibers. 

Microscopic  Appearance  of  the  Cortex  (Fig.  724). — The  cortex  consists  of  two 
layers,  viz.,  an  external  gray  molecular  layer,  and  an  internal  rust-colored  nuclear 
layer;  between  these  is  an  incomplete  stratum  of  cells  which  are  characteristic  of 
the  cerebellum,  viz.,  the  cells  of  Purkinje. 

The  external  gray  or  molecular  layer  consists  of  fibers  and  cells.  The  nerve  fibers 
are  delicate  fibrillee,  and  are  derived  from  the  following  sources:  (a)  the  dendrites 
and  axon  collaterals  of  Purkinje’s  cells;  (6)  fibers  from  cells  in  the  nuclear  layer; 
(c)  fibers  from  the  central  white  substance  of  the  cerebellum;  (d)  fibers  derived 
from  cells  in  the  molecular  layer  itself.  In  addition  to  these  are  other  fibers,  which 
have  a  vertical  direction,  and  are  the  processes  of  large  neuroglia  cells,  situated 
in  the  nuclear  layer.  They  pass  outward  to  the  periphery  of  the  gray  matter, 
where  they  expand  into  little  conical  enlargements  which  form  a  sort  of  limiting 
membrane  beneath  the  pia  mater,  analogous  to  the  membrana  limitans  interna 
in  the  retina,  formed  by  the  sustentacular  fibers  of  Muller. 

The  cells  of  the  molecular  layer  are  small,  and  are  arranged  in  two  strata,  an 
outer  and  an  inner.  They  all  possess  branched  axons;  those  of  the  inner  layer 
are  termed  basket  cells;  they  run  for  some  distance  parallel  with  the  surface  of  the 
folium — giving  off  collaterals  which  pass  in  a  vertical  direction  toward  the  bodies 
of  Purkinje’s  cells,  around  which  they  become  enlarged,  and  form  basket-like 
net-works. 

The  cells  of  Purkinje  form  a  single  stratum  of  large,  flask-shaped  cells  at  the 
junction  of  the  molecular  and  nuclear  layers,  their  bases  resting  against  the  latter; 
in  fishes  and  reptiles  they  are  arranged  in  several  layers.  The  cells  are  flattened 
in  a  direction  transverse  to  the  long  axis  of  the  folium,  and  thus  appear  broad 
in  sections  carried  across  the  folium,  and  fusiform  in  sections  parallel  to  the  long 
axis  of  the  folium.  From  the  neck  of  the  flask  one  or  more  dendrites  arise  and  pass 
into  the  molecular  layer,  where  they  subdivide  and  form  an  extremely  rich  arbores- 
cence,  the  various  subdivisions  of  the  dendrites  being  covered  by  lateral  spine¬ 
like  processes.  This  arborescence  is  not  circular,  but,  like  the  cell,  is  flattened  at 
right  angles  to  the  long  axis  of  the  folium;  in  other  words,  it  does  not  resemble 
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around  bush,  hut  has  been  aptlj-t'OToperwl  by  Oberstelfter  to  the  branches  of  a 
fruit  tree  trained  against  a.  trellis  or  n  wall.  Hence,  in  sections  carried  across 
the  folium  the  arborescence  ia  broad  undexpamled,  eithere&s  tft  ^hose  which  are 
parallel  to  the  long  '  folium,  .;.ibe  cell  itself  ts 

seen  in  proSle,  and  is  limited  to  a  narrow  area. 

From  the  bottom  «jf  the  flask-siiftptd  cell  the  axon  arises;  this  passes  through 
the  nuclear  layer,  and,  becoming  med abated*  is  coutiniied  as  a  nerve  fiber  iu  the 
subjacent  white  substance.  As  this  axon  traverses  the  grbhul&r  layer  if  gives  off 
fine  collaterals,  some  of  w  hich  run  back  into  the  molecular  Jam- 

ifyit  4  . . 
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The  internal  rust-colored  or  unclear  layer  {Fig.  721)  is  characterized  by  containing 
.uinnerotis  small  nerve  ceils  of  a  reddish-brown  color,  together  with  many  nerve 
fibrils,  Most  of  the  cells  are  nearly  spherical  ami  provided  with  short  dendrites 
which  spread  out  in  a  spider-like  manner  in  the  nuclear  layer.  Their  axons  pass 
outward  into  the  molecular  layer,  sod,  bifurcating  at  right  angles,  run  for  some 
distance  parallel  with  the  surface,  lo  t  he  outer  part  of  the  nuclear  layer  are  some 
larger  cells,  of  the  type  If  of  Golgi.  Their  mom undergo  frequent  d  ivinii.ni  as  soon 
astJiey  leave  the  nerve  cells,  and.  pass  into  the  nuclear  layer  ;  while  their  dendrites 
r»aufy  chiefly  in  the  molecular  layer, 
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futon  v,  ki  the  gray  substance  of  the  cerebellar  vortex  there  .4  re  ;^"hiri; 

cnme  from.  t lie  white  center  ami  penetrate  the eortv%  The  eeil-oriejn  of  these 
liber*  is  nafcrinwn,  though  it  is  believe#!  that  it  is  probably  in  the  gray 
of  the  metlulU  spinalis.  Sortie  of  these  fibers  end  in  the  midear  layer  bv  dividing 
into  numerous  branches  on  whidt  are  to  be  .seen  jjeculiar  uvo.s>Jike  appendage . 
hence  they  have  been  termed  by  iUtuon  y  Caj&I  the  msss  fibers;  they  form  a n 
arlmmcenee  around  the  cell*  of  the  imdear  layer  and  are  ^ud  to  mnn>  from  tforr* 
in  the  interior  Other  fit >er> ?  the diiigiBg  or  tendril  fibers,  derived  from  t ho 

Matter  cun  be  traced  itfto  tbtv;  tnoleetdar  Jayery'  '  hrM\0®% 

ding  around  the  dendrites  nF  lforkmje'<  o4k,  They  niv  sue!  to  e**mr  from  &*?>• 
of  flu*  middle  [*dunclv. 

(2)  The  iftdepsacleat  centers  of  gray  substance.-  in  the  oercbelluru  are  four  in 
number  on  either  dde:  one  is  of  large  size;  and  is  known  a>:  t i.i*e'  nucleus  deni&tus; 
the  other  three  much  smaiierv  are  situated  near  the-  midi  lie  of  the  cerebellum.  aud 
are  kmovn  as  (Jbe  nucleus  emboiiformts,  nucleus  giobosus,  and  nucleus  fMtigii. 

A  tidr^  dwhTtM  Superior  pfAuucU' 
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The  nucleus  dentatua  (  Fig,  725  U>  situated  a  hltle  to  1  he  medial  side  of  the  eecw 
of  of  the  while  of  of  an 

folded,  lamina;  of  a  grayish-ydlpw  color,  ^mtaimrig  w  hite  fibers  and  presenting 
on  a.ubero-ixiedial  aspect  iktt  .^rieiy^g^tfo;: Mte,  -felt*  which  most  of 
the  superior  fieduude  emerge  7i)^'b 

The  nucleus  ^bollfornm  Tu^s  munediatdy  to  the  medial  side  of  the  uuden> 
denfatus,  and  partly  covering  its  hUus;  The  tmeteoa  globosus  is  an  elongated 
mass, -directed  auU^rb-postcriorlr,  and  played  medial  to  preceding.  The  nucleus 
fastigii  is  somewbat  larger  than  the  other  two,  and  &  situated  cloze  to  the  middle 
line  at  the  anterior  end  of  riie  superior  wrmis,  and  immediately  over  the  robf 
of  the  fourth  ventricle,  from  which  it  is  separated  by  a  rkm  layer  of  w  bite  ^ufoUinre. 

j|h*  tw*.Mliun  \r.  \r«Hj  *k<  •  iroonlii»:<  non  oC  m  ^  |>r«t >*»n. 

looannfo’fi  und  .orek'n*i«»r,.  In  if  j^rinm;<  k '  o;u  hWay*- wmiur  o?ie  Onpum^.  *.»{'  ni .is-  n- 
temlutf  jjc*in>  .o- «.:.-/•  Hi..j  -nuiifU^>.p»rv  •  vt i * i / ■  l 'it .' » < Witt;  :  in-  w>c»vp*ivm 

spmkAayi  f  fl^ii'ukis-  t Imrv  whiter  .vfe IJ&bmete  ✓ .  T%'-  jhtfifeft  o-rft  t* 
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The  Fourth  Ventricle  ( ventriculus  quartos). — The  fourth  ventricle,  or  cavity 
of  the  hind-brain,  is  situated  in  front  of  the  cerebellum  and  behind  the  pons 
and  upper  half  of  the  medulla  oblongata.  Developmentally  considered,  the  fourth 
ventricle  consists  of  three  parts :  a  superior  belonging  to  the  isthmus  rhombencephali, 
an  intermediate,  to  the  metencephalon,  and  an  inferior,  to  the  myelencephalon. 
It  is  lined  by  ciliated  epithelium,  and  is  continuous  below  with  the  central  canal 
of  the  medulla  oblongata;1  above,  it  communicates,  by  means  of  a  passage  termed 
the  cerebral  aqueduct,  with  the  cavity  of  the  third  ventricle.  It  presents  four 
angles,  and  possesses  a  roof  or  dorsal  wall,  a  floor  or  ventral  wall,  and  lateral 
boundaries. 

Angles. — The  superior  angle  is  on  a  level  with  the  upper  border  of  the  pons, 
and  is  continuous  with  the  lower  end  of  the  cerebral  aqueduct.  The  inferior  angle 
is  on  a  level  with  the  lower  end  of  the  olive,  and  opens  into  the  central  canal  of  the 
medulla  oblongata.  Each  lateral  angle  corresponds  with  the  point  of  meeting 
of  the  brachia  and  inferior  peduncle.  A  little  below  the  lateral  angles,  on  a  level 
with  the  striae  medullares,  the  ventricular  cavity  is  prolonged  outward  in  the  form 
of  two  narrow  lateral  recesses,  one  on  either  side;  these  are  situated  between  the 
inferior  peduncles  and  theflocculi,  and  reach  as  far  as  the  attachments  of  the  glosso¬ 
pharyngeal  and  vagus  nerves. 

Lateral  Boundaries. — The  lower  part  of  each  lateral  boundary  is  constituted 
by  the  clava,  the  fasciculus  cuneatus,  and  the  inferior  peduncle;  the  upper  part  by 
the  middle  and  the  superior  peduncle. 

Roof  or  Dorsal  Wall  (Fig.  726). — The  upper  portion  of  the  roof  is  formed  by 
the  superior  peduncle  and  the  anterior  medullary  velum;  the  lower  portion, 
by  the  posterior  medullary  velum,  the  epithelial  lining  of  the  ventricle  covered 
by  the  tela  chorioidea  inferior,  the  tsenise  of  the  fourth  ventricle,  and  the  obex. 

The  superior  peduncle  (page  798),  on  emerging  from  thp  central  white  sub¬ 
stance  of  the  cerebellum,  pass  upward  and  forward,  forming  at  first  the  lateral 
boundaries  of  the  upper  part  of  the  cavity;  on  approaching  the  inferior  colliculi, 
they  converge,  and  their  medial  portions  overlap  the  cavity  and  form  part  of  its 
roof. 

The  anterior  medullary  velum  (page  799)  fills  in  the  angular  interval  between 
the  superior  peduncle,  and  is  continuous  behind  with  the  central  white  sub¬ 
stance  of  the  cerebellum;  it  is  covered  on  its  dorsal  surface  by  the  lingula  of  the 
superior  vermis. 

The  posterior  medullary  velum  (page  800)  is  continued  downward  and  forward 
from  the  central  white  substance  of  the  cerebellum  in  front  of  the  nodule  and 
tonsils,  and  ends  inferiorly  in  a  thin,  concave,  somewhat  ragged  margin.  Below 
this  margin  the  roof  is  devoid  of  nervous  matter  except  in  the  immediate  vicinity 
of  the  low^er  lateral  boundaries  of  the  ventricle,  where  twro  narrowr  w  hite  bands,  the 
tamias  of  the  fourth  ventricle  (ligulce),  appear;  these  bands  meet  over  the  inferior 
angle  of  the  ventricle  in  a  thin  triangular  lamina,  the  obex.  The  non-nervous  part 
of  the  roof  is  formed  by  the  epithelial  lining  of  the  ventricle,  which  is  prolonged 
downward  as  a  thin  membrane,  from  the  deep  surface  of  the  posterior  medullary 
velum  to  the  corresponding  surface  of  the  obex  and  taeniae,  and  thence  on  to  the 
floor  of  the  ventricular  cavity;  it  is  covered  and  strengthened  by  a  portion  of  the 
pia  mater,  which  is  named  the  tela  chorioidea  of  the  fourth  ventricle. 

The  teniae  of  the  fourth  ventricle  {taenia  ventriculi  quarti ;  ligula )  are  two  narrow 
bands  of  white  matter,  one  on  either  side,  which  complete  the  low  er  part  of  the  roof 
of  the  cavity.  Each  consists  of  a  vertical  and  a  horizontal  part.  The  vertical  part 
is  continuous  below  the  obex  w  ith  the  clava,  to  which  it  is  adherent  by  its  lateral 


1  J.  T.  Wilson  (Journal  of  Anatomy  and  Physiology,  vol.  40)  has  pointed  out  that  the  central  canal  of  the  medulla 
oblongata,  immediately  below  its  entrance  into  the  fourth  ventricle,  retains  the  cleft-like  form  presented  by  the  fetal 
medulla  spinalis,  and  that  it  is  marked  by  dorso-  and  ventro-lateral  sulci. 
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border.  The  horizontal  portion  extends  transversely  across  the  inferior  peduncle, 
below  the  strife  medullares,  and  roofs  in  the  lower  and  posterior  part  of  the  lateral 
recess;  it  is  attached  by  its  lower  margin  to  the  inferior  peduncle,  and  partly  encloses 
the  choroid  plexus,  which,  however,  projects  beyond  it  like  a  cluster  of  grapes;  ami 
hence  this  part  of  the  taenia  has  been  termed  the  cornucopia  (Bochdalek).  Theobex 
is  a  thin,  triangular,  gray  lamina,  which  roofs  in  the  lower  angle  of  the  ventricle  and 
is  attached  by  its  lateral  margins  to  the  clavte.  The  tela  chorioidea  of  the  fourth 
ventricle  is  the  name  applied  to  the  triangular  fold  of  pia  mater  which  is  carried 
upward  between  the  cerebellum  and  the  medulla  oblongata.  It  consists  of  two 
layers,  which  are  continuous  with  each  other  in  front,  and  are  more  or  less  adherent 
throughout.  The  posterior  layer  covers  the  antero-inferior  surface  of  the  cere¬ 
bellum,  while  the  anterior  is  applied  to  the  structures  which  form  the  lower  part 
of  the  roof  of  the  ventricle,  and  is  continuous  inferiority  with  the  pia  mater  on  the 
inferior  peduncles  and  closed  part  of  the  medulla. 
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Fiti.  72<5. — Scheme  of  roof  of  fourth  ventricle.  The  arrow  is  m  the  foramen  ot  Alajend.*!? 


Choroid  Plexuses.— These  consist  of  two  highly  vascular  inflexions  of  the  tela 
chorioidea,  which  invaginate  the  lower  part  of  the  roof  of  the  ventricle  and  are 
everywhere  covered  by  the  epithelial  lining  of  the  cavity.  Each  consists  of  a  ver¬ 
tical  and  a  horizontal  portion :  the  former  lies  close  to  the  middle  line,  and  the  latter 
passes  into  the  lateral  recess  and  projects  beyond  its  apex.  The  vertical  parts  of 
the  plexuses  are  distinct  from  each  other,  but  the  horizontal  portions  are  joined 
in  the  middle  line;  and  hence  the  entire  structure  presents  the  form  of  theletterT, 
the  vertical  limb  of  which,  however,  is  double. 

Openings  in  the  Roof. — In  the  roof  of  the  fourth  ventricle  there  are  three  openings, 
a  medial  and  two  lateral :  the  medial  aperture  {foramen Majendii),  is  situated  imme¬ 
diately  above  the  inferior  angle  of  the  ventricle;  the  lateral  apertures,  ( foramina 
of  Lmchku  are  found  at  the  extremities  of  the  lateral  recesses.  By  means  of  these 
three  openings  the  ventricle  communicates  with  the  subarachnoid  cavity,  and  the 
cerebrospinal  Huid  can  circulate  from  the  one  to  the  other. 

Rhomboid  Fossa  {fossa  rkomboidea;  4 [floor  ’  of  the  fourth  ventricle)  (Fig.  727),— 
The  anterior  part  of  the  fourth  ventricle  is  named,  from  its  shape,  the  rhomboid 
fossa,  and  its  anterior  wall,  formed  by  the  back  of  the  pons  and  medulla  oblongata, 
constitutes  the  floor  of  the  fourth  Ventricle.  It  is  covered  by  a  thin  layer  of  grey 
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substance-  t»m<muous'  with  that  of  the  tucdull^  spinalis;  superficial  to  -this  is  a  thin 
timing.  of  ritam'igfia  Kfi'eh  constitutes  the  ependyma  rtf  the  ventricle  and  supports 
layer  of  ciliated  epithelium.  The  fosse;  eensiits.  of  ;£bt^-:p8jits»'^aped^i  .filter- 
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it  layer  pr|pip^x,|p^ieh  urn.  i  m  tmm  m  tiiree  p&m*  ,imer- 

and  M>/erb*r.  The  superior  part  is  tmrtguiar  in  shape  ami  had  ted  laterally 
by  the  supe; fiy^reB>,feiiar  peduncle;  its  apex,  directed  upward,  h  etVjnimfpus  Mdth 
the  cereirraNij^^iuct ;  its  base  i  t  represented  by  m  imaginary  line  at  t h$>  Jevef  nf  the 
upper  ends  of  the  ..superior  fovefe.  The  intermediate  part  extern!  sfrom  this  level 
tn  that  of  the  homoiita)  pt*riwm  at  the  trenife  of  the.  veptride;  it  is  narrow  above 
where  it  h  bruited  laterally  by ^  t|>e' michlle  peduncle,  but  widens  below  ami  is  pro¬ 
longed  into  the  lateral  rm.wes  of  the  ventricle.  The  inferior  part.,  is  triangular, 
audits  downwardly  ditveud  named  the calamus, scriptorium is  conuimous 

with  the  centra]  canal  of  the  closed  part  of  the  medulla  oblongata, 
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Fto.  727  ' — ItjKomhoul  fUsawi. 


The  rhourttoid  fossa  is  '/divided  into  symmetrical-  Iwhe.s  by  a  median  sulcus 
which  reaches  from  the  upper  to  the  lower  angles  of  the  fossa  and  is  deeper  below 
than  above,  On  either  side  rtf  thh,  salclts  is  an  e^gtitois,  the  medial  eminence, 
bounded  laterally  by  a  sulcus,  the  sulcua.  limitans..  In  the;  syperfor  part  of  the  fossa 
the  medial  eminence  has  a  width  equal  to  that  of  the  ^riespondipg.  half-  of  the 
h'o.'a,  hut  opposite  the  superior  fovea  if  forms  au  elungatcd  swelling,  the  colliculus 
Malls,  which  overlies  the  niaeieijis  of  the  abducent  nerve,  and  is,  in  part  at  least, 

jkudibtt  bf  the  wot  of  the  facial  nerve.  In  the inferior 
part  of  the  fossa  the  medial  eiatMape  assumes  the  form  of  a  triangular  area,  the 
trijoanm  hypoglosgj,  When  examined  under  water  with  a  lens  this  trigone.  Ja  seen 
to  consist  of  a  medial  and  a  lateral  area  separated  by  a  series  of  oblique  furrow  s; 
the  medial  area  corresponds  with  the  upper  part  of  the  nucleus  of  the- bypogiossal 
nerve,  the  lateral  with  a  smalt  nucleus,  the  nucleus  intercal&tns. 

The  salcos  limitana  forms  the  lateral  boundary  of  the  medial  eminence.  In 
the  superior,  part  of  the  rhomboid  fossa  it  corresponds  with  the  lateral  limit  of  the 
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Tastfi  and  presents  n  bluSdi-gfa^  ama,  the  locus  ctBmleuSi  Whie^ 
to  an  Underlying  par  eh  of  deeply  pigmented  Pene  edls,  termed  tW  sqb 
ferrogittea.  At.  the  level  of  the eolficidus  facialis  the  sulcu.*,  hnumn-  widen-  ;nio 
a  flattened  d«?pro&>iori ,  the  superior  fovea,  and  in  the  inferior  pan  of  vht  b>-.r.a 
!B  a  dirtmeidlmple^  the  inferior  fovea.  Lateral  in  f&eT&$$a? 'is 
named  the  area  acUfctica,  which  extends  into  the  lateral  recess  and  there  h>nti- 
feebly  marked 'sweljin^  the  tubereoiiim ; acustjcum.  Winding  urbund  tie  >  ■.  , 

pe<lun  eki  and  e  tin*  area  ae  Ulrica  and  the  medial  euhnenee  are  a  mno^on? 

v*  hue  sframjA  the  strfe-'tneiiiilares,  which  form  a  portion  of  the  redder  division  of 
hern*  arul  d‘i,<rip}K'ftr  into  the  median  suieus-  Below  the. inferior  foU^s, 
And  between  the  trigonum  hypoglossi  and  the  lower  purt  of  the  area  u«'usti« 1 j|| 
triangular  dark  field,  the  ala  cinerea,  which  corresponds  tee  the  sensory  m  ••jov 
vpf  the  vagus  and  glv>.sso]>liaryngcal  nerves.  The  hover  md  of  the  ala  cha-rea  is 
en»se<!  by  &  narrow  translumit  ridge,  the  fcudcttlua  j&fcparaus,.  and  hetyeer  ihi> 
•  funiculus.  aiid  the  ektva,  is  a  small  tungoe* shaped  area,  the  area  pastreraa.  f>. 
section  it  is  : seen  that  the  funiculus  sepa rains  b;  formed  by  a  strip  of  tliirkmd 
ependyma,  and  the  area  post  remit  by  loose,  highly  vascular,  neuroglia]  tissut^u- 
taiiiihg  nerve  cells  of 
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The  mid-brain  dr  taeseUcephaton  (Ktg*  fMM>)  is  the  short  ,  tVinstrictOil  portibu  whirl 
connect* /the  ’poift  and  ee^heiluiu  with  the  thaIa.meuf^phalou  and  cerebral  heme 

spheres.  It  is  directed  upward  Midi**' 
^  -r  ward,  H?id  consists  of  <i>  a  v*n!r*>- 

J  lateral  portion,  composed  of  a  pair  ri 

/  cylindrical  bodies^  nninai  the  c«rtbn3 

/  peduncles;  (.2)  a  dorsal  pertims  *  uad<* 

j£  ij: '  ;\  iiig  of  four  rounded  eminence-.,  iumad 

the  corpora  ijuadrigemina;  . ^nd  by  ;n» 
JIM  \  <7  ■  fotevciiiyfg passage or  tniiiiel.  th^  tei^ 

fi'-flULs-  At  *  /  !'  br&l  aqueduct,  which  represents  tri 

‘  original  cavity  of  the  midhbf&nr  Airi 

*;•  r"  '  04jkime<*ts  the  third  with  the  fourth  > jtffc 

i ipV  $f  . r;  The  ceWbra!  peduncles  ..(jxrfmwh* 
iRv  •  •;  '^\\V  by  W?:  cerdiri:  ernf  cerebri)  are  tw  o  eyltndnoii 

•  ._y  masses  situated  a  it.  he  base  of  the  hram, 

BMOf  AMI  and  largely  hidden  by  the  nmip-n:*- 

lobes  of  the  cerebrum,  whirl  neot  iv 
drawn  aside  or  removed  ut  order  n- 
•  t  ^  :  expose  them.  They  emerge  (Van  dr 

Upper  surface  of  t|lV  pdfiS  ope  bt?  ritJjfct 
side  of  the  middle  line,  and,  diverging 
as  they  pa*s  upward  ami  fnrvmcl 
appear  ivvtp  fhc  substance  of  the  rtw- 
hrid  licmisphere^.  Tl\e  dcpress^{  “area 
.^p^ll^^IrrUra-  the  inter-- 

p4$dunculair  fossa,  ^ndo?phst?»ts  of  »>  layer 
pf  gmyfeh  ^Ub$fe:icive>  the  pnst^not 
l^efforaied  &ubst^noe;t : Svhicii  is  jden'ed  by  sthuli  Hpertures  for  the  tmusmisoon  i«t 
Wfaulvesselv;  it^  iowcf  part  lies  km  the  ventral  aspect  of  the  i»edhd  dr 

tvaymenra.  and  oorUains  a  rt u« 'Urn'S  iuim<‘d‘  the  mterpedunetdar  ganglion  ;p.*»i-v  v!,v 
it§  upper  'part  - a.-oists  ?n  iornniig  the  liobr  of  the  third  ventridtv.  The  ventral  nut- 
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face  of  each  peduncle  is  crossed  from  the  medial  to  the  lateral  side  by  the  superior 
cerebellar  and  posterior  cerebral  arteries;  its  lateral  surface  is  in  relation  to  the 
gyrus  hippocampi  of  the  cerebral  hemisphere  and  is  crossed  from  behind  forward 
by  the  trochlear  nerve.  Close  to  the  point  of  disappearance  of  the  peduncle  into 
the  cerebral  hemisphere,  the  optic  tract  winds  forward  around  its  ventro-lateral 


Inferior  colliculi 


Fiq.  729. — Transverse  section  of  mid-brain  at  level  of  inferior  colliculi. 


surface.  The  medial  surface  of  the  peduncle  forms  the  lateral  boundary 
of  the  interpeduncular  fossa,  and  is  marked  by  a  longitudinal  furrow,  the  oculo¬ 
motor  sulcus,  from  which  the  roots  of  the  oculomotor  nerve  emerge.  On  the  lateral 
surface  of  each  peduncle  there  is  a  second  longitudinal  furrow,  termed  the  lateral 
sulcus;  the  fibers  of  the  lateral  lemniscus  come  to  the  surface  in  this  sulcus,  and 
pass  backward  and  upward,  to  disappear  under  the  inferior  colliculus. 


Superior  colliculi 


Fiq.  730. — Transverse  section  of  mid-brain  at  level  of  superior  colliculi. 


Structure  of  the  Cerebral  Peduncles  (Figs.  729,  730). — On  transverse  section,  each 
peduncle  is  seen  to  consist  of  a  dorsal  and  a  ventral  part,  separated  by  a  deeply 
pigmented  lamina  of  gray  substance,  termed  the  substantia  nigra.  The  dorsal  part 
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is  named  the  tegmentum ;  the  ventral,  the  base  or  crusta ;  the  two  bases  are  separated 
from  each  other,  but  the  tegmenta  are  joined  in  the  median  plane  by  a  forward 
prolongation  of  the  raphe  of  the  pons.  Laterally,  the  tegmenta  are  free;  dorsally, 
they  blend  with  the  corpora  quadrigemina. 

The  base  (bans  pedunculi ;  crusta  or  pes)  is  semilunar  on  transverse  section,  and 
consists  almost  entirely  of  longitudinal  bundles  of  efferent  fibers,  which  arise  from 
the  cells  of  the  cerebral  cortex  and  are  grouped  into  three  principal  sets,  viz., 
cerebrospinal,  frontopontine,  and  temporopontine  (Fig.  728).  The  cerebrospinal 
fibers,  derived  from  the  cells  of  the  motor  area  of  the  cerebral  cortex,  occupy 
the  middle  three-fifths  of  the  base;  they  are  continued  partly  to  the  nuclei  of  the 
motor  cranial  nerves,  but  mainly  into  the  pyramids  of  the  medulla  oblongata. 
The  frontopontine  fibers  are  situated  in  the  medial  fifth  of  the  base;  they  arise  from 
the  cells  of  the  frontal  lobe  and  end  in  the  nuclei  of  the  pons.  The  temporopontine 
fibers  are  lateral  to  the  cerebrospinal  fibers;  they  originate  in  the  temporal  lobe 
and  end  in  the  nuclei  pontis.1 

The  substantia  nigra  (irUercalatum)  is  a  layer  of  gray  substance  containing 
numerous  deeply  pigmented,  multipolar  nerve  cells.  It  is  semilunar  on  transverse 
section,  its  concavity  being  directed  toward  the  tegmentum;  from  its  convexity, 
prolongations  extend  between  the  fibers  of  the  base  of  the  peduncle.  Thicker 
medially  than  laterally,  it  reaches  from  the  oculomotor  sulcus  to  the  lateral  sulcus, 
and  extends  from  the  upper  surface  of  the  pons  to  the  subthalamic  region;  its 
medial  part  is  traversed  by  the  fibers  of  the  oculomotor  nerve  as  these  stream  for¬ 
ward  to  reach  the  oculomotor  sulcus.  The  connections  of  the  cells  of  the  substantia 
nigra  have  not  been  definitely  established.  It  receives  collaterals  from  the  medial 
lemniscus  and  the  pyramidal  bundles.  Bechterew  is  of  the  opinion  that  the  fibers 
from  the  motor  area  of  the  cerebral  cortex  form  synapses  with  cells  whose  axons 
pass  to  the  motor  nucleus  of  the  trigeminal  nerve  and  serve  for  the  coordination 
of  the  muscles  of  mastication. 

The  tegmentum  is  continuous  below  writh  the  reticular  formation  of  the  pons, 
and,  like  it,  consists  of  longitudinal  and  transverse  fibers,  together  with  a  consider¬ 
able  amount  of  gray  substance.  The  principal  gray  masses  of  the  tegmentum 
are  the  red  nucleus  and  the  interpeduncular  ganglion;  of  its  fibers  the  chief  longi¬ 
tudinal  tracts  are  the  superior  peduncle,  the  medial  longitudinal  fasciculus,  and 
the  lemniscus. 

Gray  Substance. — The  red  nucleus  is  situated  in  the  anterior  part  of  the  teg¬ 
mentum,  and  is  continued  upward  into  the  posterior  part  of  the  subthalamic  region. 
In  sections  at  the  level  of  the  superior  colliculus  it  appears  as  a  circular  mass 
which  is  traversed  by  the  fibers  of  the  oculomotor  nerve.  It  receives  many'  terminals 
and  collaterals  from  the  superior  cerebellar  peduncle  also  collaterals  from  the 
ventral  longitudinal  bundle,  from  Gudden’s  bundle  and  the  median  lemniscus. 
The  axons  of  its  larger  cells  cross  the  middle  line  and  are  continued  downward 
into  the  lateral  funiculus  of  the  medulla  spinalis  as  the  rubrospinal  tract  (page  760); 
those  of  its  smaller  cells  end  mainly  in  the  thalamus.  The  rubrospinal  tract  forms 
an  important  part  of  the  pathway  from  the  cerebellum  to  the  lower  motor  centers. 

The  interpeduncular  ganglion  is  a  median  collection  of  nerve  cells  situated  in 
the  ventral  part  of  the  tegmentum.  The  fibers  of  the  fasciculus  retroflexus  of 
Meynert,  which  have  their  origin  in  the  cells  of  the  ganglion  habenulae  (page  SIS), 
end  in  it. 

Besides  the  two  nuclei  mentioned,  there  are  small  collections  of  cells  which 
form  the  dorsal  and  ventral  nuclei  and  the  central  nucleus  or  nucleus  of  the  raph6. 


1  A  band  of  fibers,  the  tractua  pcduncularis  transveraua,  is  sometimes  seen  emerging  from  in  front  of  the  superior 
ulus;  it  passes  around  the  ventral  aspect  of  the  peduncle  about  midway  between  the  pons  and  the  optic  tract  uxi 
dips  into  the  oculomotor  sulcus.  This  band  is  a  constant  structure  in  many  mammals,  but  is  only  present  in  aboot 
30  per  cent,  of  human  brains.  Since  it  undergoes  atrophy  after  enucleation  of  the  eyeballs,  it  may  be  considered  ss 
forming  a  path  for  visual  sensations. 
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White  Substance. — (1)  The  origin  and  course  of  the  superior  peduncle  have 
already  been  described  (page  792). 

(2)  The  medial  {posterior)  longitudinal  fasciculus  is  continuous  below  with  the 
proper  fasciculi  of  the  anterior  and  lateral  funiculi  of  the  medulla  spinalis.  In 
the  medulla  oblongata  and  pons  it  runs  close  to  the  middle  line,  near  the  floor 
of  the  fourth  ventricle;  in  the  mid-brain  it  is  situated  on  the  ventral  aspect 
of  the  cerebral  aqueduct,  below  the  nuclei  of  the  oculomotor  and  trochlear 
nerves.  Its  connections  are  imperfectly  known,  but  it  consists  largely  of  ascend¬ 
ing  and  descending  intersegmental  or  association  fibers,  which  connect  the 
nuclei  of  the  hind-brain  and  mid-brain  to  each  other.  Many  of  the  fibers  arise 
in  Deiters’s  nucleus  {lateral  vestibular  nucleus)  and  divide  into  ascending  and  descend¬ 
ing  branches  which  send  terminals  and  collaterals  to  the  motor  nuclei  of  the  cranial 
and  spinal  nerves.  Its  spinal  portion  is  located  in  the  anterior  funiculus  and  is 
known  as  the  vestibulospinal  fasciculus.  Other  fibers  pass  to  the  median  longitudinal 
bundle  from  cells  in  the  reticular  formation  of  the  medulla,  pons  and  mid-brain 
and  also  from  certain  large  cells  in  the  terminal  nucleus  of  the  trigeminal  nerve. 
According  to  Edinger  it  extends  to  the  so-called  nucleus  of  the  posterior  longi¬ 
tudinal  bundle  in  the  hypothalamic  region,  but  this  is  uncertain  and  the  fibers 
above  the  nucleus  of  the  oculomotor  are  smaller  in  diameter  than  the  rest  of  the 
bundle.  According  to  Held  fibers  from  the  posterior  commissure  can  be  traced 
into  the  posterior  longitudinal  bundle,  and  according  to  the  same  author  many 
of  the  descending  fibers  arise  in  the  superior  colliculus,  and,  after  decussating  in 
the  middle  line,  end  in  the  motor  nuclei  of  the  pons  and  medulla  oblongata.  These 
fibers  from  the  superior  colliculus  probably  pass  into  the  ventral  longitudinal 
bundle.  Fibers  are  said  to  pass  through  the  medial  longitudinal  fasciculus  from  the 
nucleus  of  the  abducent  nerve  into  the  oculomotor  nerve  of  the  opposite  side,  and 
through  this  nerve  to  the  Rectus  medialis  oculi.  Fraser,  however,  denies  the  exist¬ 
ence  of  such  fibers.  Again,  fibers  are  said  to  be  prolonged  through  this  fasciculus 
from  the  nucleus  of  the  oculomotor  nerve  into  the  facial  nerve,  and  are  distributed 
to  the  Orbicularis  oculi,  the  Corrugator,  and  the  Frontalis.1 

The  ventral  longitudinal  bundle  consists  for  the  most  part  of  the  tectospinal  fas¬ 
ciculus,  and  arises  from  the  superior  colliculus,  the  fibers  arch  ventrally  around  the 
central  gray  matter  and  cross  the  midline  in  the  fountain-decussation  of  Meynert. 
They  then  descend  in  the  tegmentum,  part  of  them  passing  through  the  red  nucleus 
ventral  to  the  medial  longitudinal  bundle.  In  the  medulla  oblongata  and  spinal 
cord  its  fibers  are  more  or  less  intermingled  with  the  medial  longitudinal  bundle 
and  the  rubrospinal  tract.  It  descends  in  the  adjoining  region  of  the  ventral 
and  lateral  funiculi.  Collaterals  and  terminals  are  given  off  to  the  red  nucleus  and 
probably  other  nuclei  of  the  brain  stem  and  to  the  anterior  column  of  the  spinal 
cord.  It  is  probably  concerned  in  optic  reflexes. 

(3)  The  medial  lemniscus  or  medial  fillet  (Fig.  731). — The  fibers  of  the  medial 
lemniscus  take  origin  in  the  gracile  and  cuneate  nuclei  of  the  medulla  oblongata, 
and  as  internal  arcuate  fibers  they  cross  to  the  opposite  side  in  the  sensory  decussa¬ 
tion  (page  783).  They  then  pass  in  the  interolivary  stratum  upward  through 
the  medulla  oblongata,  in  which  they  are  situated  behind  the  cerebrospinal  fibers 
and  between  the  olives.  In  the  pons  and  lower  part  of  the  mid-brain  it  occupies 
the  ventral  part  of  the  reticular  formation  and  tegmentum  close  to  the  raphe,  while 
above  it  gradually  shifts  to  the  dorso-lateral  part  of  the  tegmentum  in  the  angle 
between  the  red  nucleus  and  the  substantia  nigra.  In  the  pons  it  assumes  a  flattened 
ribbon-like  appearance,  and  is  placed  dorsal  to  the  trapezium.  As  the  lemniscus 
ascends,  it  receives  additional  fibers  from  the  terminal  sensory  nuclei  of  the  cranial 

*  A.  Bruce  end  J.  H.  Harvey  Pirrie,  “On  t&e  Origin  of  the  Facial  Nerve/*  Review  of  Neurology  and  Psychiatry. 
December,  1908,  No.  12,  voi  vi,  produce  weighty  evidence  against  the  view  that  the  facial  nerve  derives  fibers  from 
the  nucleus  of  the  oculomotor  nerve. 
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nerves  of  the  opposite  side.  Many  of  the  fibers  which  arise  from  the  terminal 
sensory  nuclei  of  the  cranial  nerves  pass  upward  in  the  formatio  reticularis  as  a 
separate  bundle,  known  as  the  central  tract  of  the  cranial  nerves,  to  the  thalamus. 

Many  fibers  either  terminate  in  or  send  off  collaterals  to  the  gray  matter  of  the 
medulla,  the  pons,  and  the  mid-brain.  Large  numbers  of  fibers  pass  to  or  from  the 
substantia  nigra.  Many  collaterals  enter  the  red  nucleus  and  other  fibers  are  said 
to  run  to  the  superior  colliculus.  The  great  bulk  of  the  fibers,  however,  enter  the 
ventro-lateral  portion  of  the  thalamus,  give  off  collaterals  to  the  posterior  semi¬ 
lunar  nucleus  and  then  terminate  in  the  principal  sensory  nucleus  of  the  thalamus. 


Fi  3.  731. — Scheme  showing  the  course  of  the  fibers  of  the  lemniscus;  medial  lemniscus  in  blue,  lateral  in  rwh 

In  the  cerebral  peduncle,  a  fewr  of  its  fibers  pass  upward  in  the  lateral  part 
of  the  base  of  the  peduncle,  on  the  dorsal  aspect  of  the  temporopontine  fibers, 
and  reach  the  lentiform  nucleus  and  the  insula.  The  greater  part  of  the  medial 
lemniscus,  on  the  other  hand,  is  prolonged  through  the  tegmentum,  and  most 
of  its  fibers  end  in  the  thalamus;  probably  some  are  continued  directly  through 
the  occipital  part  of  the  internal  capsule  to  the  cerebral  cortex.  From  the  cells  of 
the  thalamus  a  relay  of  fibers  is  prolonged  to  the  cerebral  cortex. 

The  medial  lemniscus  may  be  considered  as  the  upward  continuation  of  the 
posterior  funiculus  of  the  spinal  cord  and  to  convey  conscious  impulses  of  muscle 
sense  and  tactile  discrimination. 
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Fb*  central  or  thalamic  tract  of  the  cranial  nerves  is  elt*$i*ly  associated  with  the 
medial  lemniscus.  1  he  fibers  of  the  spinothalamic  fasciculi  are  continued  from  the 
spinal  cord  into  this  tract  which  passes  upward  in  the  reticular  formation  and  the 
tegmentum  to  the  thalamus  along  the  dorsal  side  of  the  median  lemniscus.  It 
rewives  fibers  from  the  opposite  terminal  sensory  nuclei  of  the  vagus,  glossopharyn¬ 
geal,  facial,  trigeminal  and  probably  the  vestibular  nerves.  Many  of  the  secondary 
sensory  fibers  of  the  trigeminal  cross  the  raphe  from  its  term inai  nucleus  and  pass 
upward  to  the  thalamus  by  a  more  or  less  separate  but  closely  associated  pathway 
known  as  the  central  tract  of  the  trigeminal  nerve 
which  alsolies  on  the  dorsal  aspect  of  the  lemnis-  7  6  2 

cos.  These  two  tracts  give  off  collaterals  to  the 
posterior  semilunar  nucleus  of  the  thalamus  and 
terminate  in  the  anterior  semilunar  nucleus  of 
the  ventrp-Iateral  region  of  the  thalamus  sending 
collaterals  into  the  zona  incerta. 

The  fibers  of  the  rubrospinal  tract  ( bundle  of 
Mmaktiurj  arise  in  the  red  nucleus,  cross  the 
mid  line  in  the  decussation  of  Ford  and  pass 
down  ward  in  the  formatio  reticularis  of  the  brain¬ 
stem  into  the  lateral  funiculus  of  the  spinal  cord 
ventral  to  the  crossed  pyramidal  tract. 

The  lateral  lemniscus  (lemniscus  lateralis) 
comes  to  the  surface  of  the  mid-brain  along 
its  lateral  sulcus,  and  disappears  under  the 
inferior  colliculus.  It  consists  of  fibers  from 
the  terminal  nuclei  of  the  cochlear  division 
of  the  acoustienerve,  together  with  others  from 
the  superior  olivary  and  trapezoid  nuclei.  Most 
of  these  fibers  are  crossed,  but  some  are  uncrossed.  Many  of  them  pass  to  the 
inferior  colliculus  of  the  same  or  opposite  side,  but  others  are  prolonged  to 
the  thalamus,  and  thence  through  the  occipital  part  of  the  internal  capsule  to 
the  middle  and  superior  temporal  gyri. 

The  corpora  quadrigemina  (Fig,  738)  are  four  rounded  eminences  which  form 
the  dorsal  part  of  the  mid-brain.  They  are  situated  above  and  in  front  of 
the  anterior  medullary  velum  and  superior  peduncle,  and  below  and  behind  the 
third  ventricle  and  posterior  commissure.  They  are  covered  by  the  splenium  of  the 
corpus  callosum,  and  are  partly  overlapped  on  either  side  by  the  medial  angle, 
or  pulvinar,  of  the  posterior  end  of  the  thalamus;  on  the  lateral  aspect,  under 
cover  of  the  pulvinar,  is  an  oval  eminence,  named  the  medial  geniculate  body. 
The  corpora  quadrigemina  are  arranged  in  pairs  (superior  and  inferior  colliculi), 
and  are  separated  from  one  another  by  a  crucial  sulcus.  The  longitudinal  part 
of  this  sulcus  expands  superiorly  to  form  a  slight  depression  which  supports  the 
pineal  body,  a  cone-like  structure  which  projects  backward  from  the  thalam- 
encephalon  and  partly  obscures  the  superior  colliculi.  From  the  inferior  end  of 
the  longitudinal  sulcus,  a  white  band,  termed  the  frenulum  veli,  is  prolonged  down¬ 
ward  to  the  anterior  medullary  velum;  on  either  side  of  this  band  the  trochlear 
nerve  emerges,  and  passes  forward  on  the  lateral  aspect  of  the  cerebral  peduncle 
to  reach  the  base  of  the  brain.  The  superior  colliculi  are  larger  and  darker  in  color 
than  the  inferior,  and  are  oval  in  shape.  The  inferior  colliculi  are  hemispherical, 
and  somewhat  more  prominent  than  the  superior.  The  superior  colliculi  are 
associated  with  the  sense  of  sight,  the  inferior  with  that  of  hearing. 

From  the  lateral  aspect  of  each  colliculus  a  white  baud,  termed  the  brachium, 
is  prolonged  upward  and  forward.  The  superior  brachium  extends  la  teral  ward 
from  the  superior  colliculus,  and,  passing  between  the  pulvinar  and  medial  genicu- 


Fia.  732.— Transverse  section  posting  through 
the  sensory  decussation.  Schematic,  (Testut.) 
1.  Anterior  median  fissure.  2.  Posterior  median 
sulcus.  3,  3'  Head  and  base  of  anterior  column 
(in  rod).  4.  Hypoglossal  nerve.  5.  Bases  of 
posterior  column.  6.  Cradle  nucleus.  7.  Cune- 
ate  nucleus  8,  8.  Lemniscus.  9.  Sensory 
decussation  10  Cerebrospinal  fasciculus 
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late  body,  is  partly  continued  into  an  eminence  called  the  lateral  geniculate  body, 
and  partly  into  the  optic  tract.  The  inferior  brachinm  passes  forward  and  upward 
from  the  inferior  colliculus  and  disappears  under  cover  of  the  medial  geniculate  body. 

In  close  relationship  with  the  corpora  quadrigemina  are  the  superior  peduncles, 
which  emerge  from  the  upper  and  medial  parts  of  the  cerebellar  hemispheres. 
They  run  upward  and  forward,  and,  passing  under  the  inferior  colliculi,  enter  the 
tegmenta  as  already  described  (page  798). 

Structure  of  the  Corpora  Quadrigemina. — The  inferior  colliculus  ( colliculus  inferior; 
inferior  quadrigeminal  body;  postgemina)  consists  of  a  compact  nucleus  of  gray 
substance  containing  large  and  small  multipolar  nerve  cells,  and  more  or  less 
completely  surrounded  by  white  fibers  derived  from  the  lateral  lemniscus. 
Most  of  these  fibers  end  in  the  gray  nucleus  of  the  same  side,  but  some  cross  the 
middle  line  and  end  in  that  of  the  opposite  side.  From  the  cells  of  the  gray 
nucleus,  fibers  are  prolonged  through  the  inferior  brachium  into  the  tegmentum 
of  the  cerebral  peduncle,  and  are  carried  to  the  thalamus  and  the  cortex  of  the 
temporal  lobe;  other  fibers  cross  the  middle  line  and  end  in  the  opposite  colliculus. 

The  superior  colliculus  ( colliculus  superior;  superior  quadrigeminal  body; 
pregemina )  is  covered  by  a  thin  stratum  (stratum  sonale)  of  white  fibers, 
the  majority  of  which  are  derived  from  the  optic  tract.  Beneath  this  is  the 
stratum  cinereum,  a  cap-like  layer  of  gray  substance,  thicker  in  the  center  than 
at  the  circumference,  and  consisting  of  numerous  small  multipolar  nerve  cells, 
imbedded  in  a  fine  network  of  nerve  fibers.  Still  deeper  is  the  stratum  opficum, 
containing  large  multipolar  nerve  cells,  separated  by  numerous  fine  nerve  fibers. 
Finally,  there  is  the  stratum  lemnisci,  consisting  of  fibers  derived  partly  from  the 
lemniscus  and  partly  from  the  cells  of  the  stratum  opticum;  interspersed  among 
these  fibers  are  many  large  multipolar  nerve  cells.  The  two  last-named  strata 
are  sometimes  termed  the  gray-white  layers,  from  the  fact  that  they  consist  of  both 
gray  and  white  substance.  Of  the  afferent  fibers  which  reach  the  superior  colliculus, 
some  are  derived  from  the  lemniscus,  but  the  majority  have  their  origins  in  the 
retina  and  are  conveyed  to  it  through  the  superior  brachium;  all  of  them  end  by 
arborizing  around  the  cells  of  the  gray  substance.  Of  the  efferent  fibers,  some 
cross  the  middle  line  to  the  opposite  colliculus;  many  ascend  through  the  superior 
brachium,  and  finally  reach  the  cortex  of  the  occipital  lobe  of  the  cerebrum;  while 
others,  after  undergoing  decussation  (fountain  decussation  of  Meynert)  form  the 
tectospinal  fasciculus  which  descends  through  the  formatio  reticularis  of  the  mkl- 
brain,  pons,  and  medulla  oblongata  into  the  medulla  spinalis,  where  it  is  found 
partly  in  the  anterior  funiculus  and  partly  intermingled  with  the  fibers  of  the 
rubrospinal  tract. 

The  corpora  quadrigemina  are  larger  in  the  lowrer  animals  than  in  man.  In 
fishes,  reptiles,  and  birds  they  are  hollow,  and  only  two  in  number  (corpora 
bigemina);  they  represent  the  superior  colliculi  of  mammals,  and  are  frequently 
termed  the  optic  lobes,  because  of  their  intimate  connection  with  the  optic  tracts. 

The  cerebral  aqueduct  (aqueductus  cerebri;  aqueduct  of  Sylvius )  is  a  narrow 
canal,  about  15  mm.  long,  situated  between  the  corpora  quadrigemina  and  teg¬ 
menta,  and  connecting  the  third  with  the  fourth  ventricle.  Its  shape,  as  seen  in 
transverse  section,  varies  at  different  levels,  being  T-shaped,  triangular  above, 
and  oval  in  the  middle;  the  central  part  is  slightly  dilated,  and  was  named  by 
Retzius  the  ventricle  of  the  mid-brain.  It  is  lined  by  ciliated  columnar  epithelium, 
and  is  surrounded  by  a  layer  of  gray  substance  named  the  central  gray  stratum: 
this  is  continuous  below  with  the  gray  substance  in  the  rhomboid  fossa,  and  above 
with  that  of  the  third  ventricle.  Dorsally,  it  is  partly  separated  from  the  gray 
substance  of  the  quadrigeminal  bodies  by  the  fibers  of  the  lemniscus;  ventral  to 
it  are  the  medial  longitudinal  fasciculus,  and  the  formatio  reticularis  of  the  teg¬ 
mentum.  {Scattered  throughout  the  central  gray  stratum  are  numerous  nerve 
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ceils  of  various  sizes,  Interlaced,  ^r  s  net-work  of  fine  fibers..  Besides  tfe^  scattered 
tells  it  'contains  three  groups  which  constitute  the  nuclei  of  the  ivtilomtitorand 
trochlear  perves.  and  the  nucleus  of  the  raesertcepfmlic  roof  of  the  trigeminal  nerve. 
The  nucleus  of  the  trigeminal  nerve  extends  along  the  mire  length  of  the  aqueduct, 
and  occupies  the  lateral  part;  of  the  gray  stthtum,  while  the  hucleinf 
rnotnr  and  trochlear  nerves  are  situated  in  its  ventral  part.  The  BUClous  st  the 
oculomotor  nerve  fa  about  10  cm.  tong,  and  lies  under  the  superior  coilkuks,  beyond 
which,  however;  it  extends  for  a  short,  distance  into  the  gray  substance  of  the. third 
ventricle.  The  nucleus  of  the  trochlear  nerve  is  small  and  nearly  circular,  and  is  on 
a  level  with  &  plane  carried  transversely  through  the  upper  part  of  the  inferior 
colliculus.  (Page  St>9.) 

THE  FORE-BRAIN  OR  PROSENCEPHALON. 

The  lore-brain  or  procancephhluh  Consist#  of-  ( 1 )  the  dieocephalota,  corresponding 
in  a  large  measure  to  the third  the structures  which  bound  it,  and 

(2)  the  telencephalon,  comprising  the  largest  part  of  the  brain,  viz,,  the.  cerebral 
hemispheres;  thesr- hettiisphercs  ere  intimately  connected  with  each  other  across 
the  middle  limy  and  each  contains  a  large  cavity,  dtamed  the  lateral  ventricle. 
The lateral  ventricle#  comituinjcate  through  the  intemntrk'ulsr  foramen  with  the 
third  ventricle,. but  arc  .separated. from  each  other  by  a  medial  Septum,  the  septum 
pefladdant;  this  cocUsns  a  slit-like  cavity,  which  does  mt  cPfraau  ideate  with  the 
ventricles. 
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The  DiencephaioK.  —The  d&ncepiu&in  is  connected  above  and  in  front,  with, 
the  cerebral  l^nusptees;  behind  w  ith  the  mid-hrair*.  Its  upper -  Surface  ,  is  con- 
reaied  by  tiic  corpus  callosum;  and  fa  covered  by  a  fold  uf^pia,  mater,  ruteted  the 
ldaiehoripidp&  ofthCithird  ventricle;  iuferiorly.  it  reaches the.  base;  uf-the Twain, 
l^je  dieupyphfafch  cPtpprxscs:  (li  the  thttl£unencifpfi*l«i;  lit)  the  pare  mairaUaris 
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hypothalami;  ami  i3)  the  posterior  part  of  the  third  ventricle,  ft  or .  lescritd  i  ve  piirfimc*; 
however,  it  h  irtore'fonvtnsvjit  to  consider  the. whole  6f  the  third  vontnclt  ;*«j4  »t> 
boumkric*  together;  this  necessitates  the  mcbsskm,  mui*  t  this  heading,.  of  tli*> 
optica  hvpotfeftjami  ami  the  ctirfesponding  pHct  of  the  third  cent  ride :-stnw:ta«s' 
which  properly  belong  to  the  tetenccphakir, 

Tho  Thalamencsphaltffl.— The  thaiiimencepbttftn  eonjprLses.:  tl)  the -twlamw; 
(2)  the  metathalamus  or  corpora  geniculata ;  ami  i;3>-  the  epithalamus,  consetkg  of 
the  trigonum  lutbciiwhv,  the  pineal  body,  and  the  poxerior  coiimuKssiire. 


- 1: VVs  -:r  ilftv  v»*utrirJc*  of  Clt«>  Tfitiiin. 


The  Tbalami .irtytic  ’figs*  7-i  u  ?A~t)  are  two  large  ovoid  mas-es,  yinuutd 

omi  till  either  side  of  t bo  third  ventricle an<|  mich-irig  for- .spine  disutu<^  behmd  titui 
eavdty.  Earii  measures  about  .4  ero-,.  Jo  Wngth/'and.  presents  two  extreriiiufe*, 
anterior  Wind  a  piystt&iofv  foiir  ihrfat'es,  hrfrfwt,  memM,  ato  i  teentl. 

The  anterior  the tfiidtik*  line  and  Turns  lit 

posterior  boundary  of  the  iriterveomeular  foranaui: 

The  posterior  extremity  in  yspamhak  directed  feekwanl  and  liUerahvani  atd. 
overlaps  the  superior  cnlhculuy.  Medially  it  presents  an  angular  pronnuew, 
the  jpuMnsr, which --.fe i-rta. t orttll.v"' in* 0  air  swelling;  the  lateral  gejaeulftk 

body,  while  beneath  the  jnilvmari  hiit  sepsmted  from  it  hy  %\m  superior  bmhuipu 
is  a  seemnl  oval  swelling,  the  medial  geniculate  body. 

The  superior  surface  m  five,  .slightly  and  co.wred  by  a  layer  *4 

substance,  termed  the  stratum  zon ale.  It  is  separated  laterally  from  Tiwv*wLtW 
nucleus  In  a  .white  band.  the- stria- terinlbalis, .a m i  by  the  terminal  vein,  k  b  di\>&d 
into -a  medial  nnd  a  lateral  portion  by  an  oidioue  shallow  itimnV  which  run:-  bu: 
behind  forward  nod  medial*wrrd  und  corresponds  with  the  lateral  \rairph  et  nv 
fompc;  die  lateral  pari  fcfrni^'^por^lo^of  the  floor  of  the  lateral  vratricte*^ h 
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tnveraf  by  tile  epithelial  lining  of  thb  cftYifVs  lh<-  medial  part  is  covered  by  the 
ttfia  eboriokka  of  the  third  ventricle,  and  is  destitute  of  an  epithelial  covering. 
In  front,  the  superior  is  separated  from  th«  medial.  surface  by  a  salient  margin . 
tin;  i®aiA  ih  aland,  along  which  the  epi the) ial  1 i  rung  of  the  third  vent  ricle  is  reflected 
ott  to  the  tinder  surface  of  the  tela  ehorioaka.  Behind,  it  is  limited  medially  bv 
a  groove,  the  sulcus  habenulas,  which  intervenes  bet  ween  it  and  a  small  triangular 
area,  termed  the  trigonum  habenulas. 

The  inferior  surface  rests  upon  and  is  eobtiriuoifo  .with  the  upw  ard  prolongation 
of  the  tegmentum  (subthalamic  tegmental  region),  in  front  of  which  it  is  relates!  to 
the  substantia  siuumiiciata  of  Meynert. 
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'.'entride,  and  is  connected  to  ilk  ^urusporu’lHtg  surface  of  the  opposite,  thalamus 
by  a  flattened  gr«v  baridrthersnassa  intereriedia  [middle  or.  wayfotrimittfird):.  This 
toaa  averages  almot  l  <iin,  in  ft*  attt^ro-'pciirtief.fer.'ijidhiyter.t.'it  sortietime*  consists 
of  two  parts  ami  omlsornally  is  absent.  It  contain-  nerve  cells  and  nerve  libers: 
s  few  of  the  latbfb  rinsy \ dross  the  inidtjW-  lane,  but  most  of  them  pu#  toward  the 
ro&idje  Urn;  and  theii  eurve  Iftterahvnrd  on  the  same  side, 

IV  lateral  surface  is  in  enntart  with  a  thick  band  of  white  substance  which 
Wta*  the  occipital  part  of  the  internal  capsule  and  separates  the  thalamus  from 
|p  knt\htm  nucleus  of  the  corpus  striatum. 


Sic  NEUROLOGY 

Structure.— The  thidaipus  eunsfcits  of  gray  substance,  but  its  upper  ar- 

fa«f  is  ctryei^ ;by  a  layer  of  -white  substance,  named  the  stratum  sonata,  sndfe. 
lateraii  aifftce  by  a  similar  layer  termed  the  lateral  iaadull&ry  lamina.  Us  gray 
substance  i>  incompletely  subdivided  into  three  parte— anterior,  medial,  aniUateral 
—  by  a  h ti’ite  layer,  the  medial  medullary  lamina.  The  anterior  part  comprises  ik 


anterior  tubercle,  the  medial  part,  lies  nest  the  lateral  nail  of  the  third  verurieis 
while  the  lateral  and  largest  part  is  interposed  |>etyv'een  the  taadnllary  lajoinr; 
and  includes  the  puivinar.  Tim  lateral  part  is  traversed  bj  nuroeroiis  fibers:  which 
radiate  from  the  thalamus  into  the  interna!  capsule,  and  pass  through  the  latter 
try  the  eerdmsi  cortex.  These  three  parts  are  'built  up  of  numerous  nuclei,  the 
eoniiretiuns  of  many  of  which  are  imperfectly  known. 
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Goime^tio&s  “The  thaiaimKS  may  Ik*-  regarded  ks  u  'large-  gangHpnic  mass  m  ^bjoh 
the  ascending  tracts  of  the  tegmentum  arid  a  euiisiderabJe  proportion  of  xh?  iiVrr 
of  the.  Optic  tract  end,  and  from  the  cells  of  m hitlf iiUtnemOs fibers  (thalankaxiirtic^f 
take?  origin,  arul  radiate  to  almost  every  part  of  die  eerebhd  cortex.  The  lenmttus, 
together  with  the  other  ImigitoJiital  strtuids  of  the  tegmentum  ,,  enters  \ts.y-0tit. 
part:  the  ifoaSamoraacomiHaty  fasciculus  {bundle  ($'•  Asyf):%  -from-. the.  corpus 


nmmrniih<re,  enters  in  its  anterior  tubercle,  ^hi?e  many  of  the  h hers  of  the  opik 
tract  terminate  in  its  posterior  eiid  The  thalamus  klsoreceives  numerous  fibers 
(ci^tivothalapvies  from  the  ^cdlia^f  the  cerebral- cortex, ; The-. fibers  that  athe  fttad 
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the  cells  of  the  thalamus  form  four  principal  groups  or  stalks:  (a)  those  of  the  ante¬ 
rior  stalk  pass  through  the  frontal  part  of  the  internal  capsule  to  the  frontal  lobe; 
(t)  the  filers  of  the  posterior  stalk  (optic  radiations )  arise  in  the  pulvinar  and  are 
conveyed  through  the  occipital  part  of  the  internal  capsule  to  the  occipital  lobe;  (c) 
the  fibers  o.f  the  inferior  stalk  leave  the  under  and  medial  surfaces  of  the  thalamus, 
and  pass  beneath  the  lentiform  nucleus  to  the  temporal  lobe  and  insula;  (d)  those 
of  the  parietal  stalk  pass  from  the  lateral  nucleus  of  the  thalamus  to  the  parietal 
lobe.  Fibers  also  extend  from  the  thalamus  into  the  corpus  striatum — those 
destined  for  the  caudate  nucleus  leave  the  lateral  surface,  and  those  for  the  lenti¬ 
form  nucleus,  the  inferior  surface  of  the  thalamus. 
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Fit*.  737. — Hind-  and  mid-brains;  posterolateral  view. 


Theltfetathalamus  (Fig.  737)  comprises  the  geniculate  bodies,  which  are  two  in 
number — a  medial  and  a  lateral — on  each  side. 

The  medial  geniculate  body  {corpus  geniculatum  mediate;  internal  geniculate  body; 
pwigenieufatum)  lies  under  cover  of  the  pulvinar  of  the  thalamus  and  on  the  lateral 
aspect  of  the  corpora  quadrigemina.  Oval  in  shape,  with  its  long  axis  directed 
forward  and  lateralward,  it  is  lighter  in  color  and  smaller  in  size  than  the  lateral. 
The  inferior  braehium  from  the  inferior  colliculus  disappears  under  cover  of  it 
while  from  its  lateral  extremity  a  strand  of  fibers  passes  to  join  the  optic  tract. 
Entering  it  are  many  acoustic  fibers  from  the  lateral  lemniscus.  The  medial 
geniculate  bodies  are  connected  with  one  another  by  the  commissure  of  Gudden, 
which  passes  through  the  posterior  part  of  the  optic  chiasma. 

The  lateral  geniculate  body  {corpus  geniadatuvi  laterale;  external  geniculate  body; 
Vregeniculatum)  is  an  oval  elevation  on  the  lateral  part  of  the  posterior  end  of  the 
thalamus,  and  is  connected  with  the  superior  colliculus  by  the  superior  braehium. 
It  is  of  a  dark  color,  and  presents  a  laminated  arrangement  consisting  of  alternate 
layers  of  gray  and  white  substance.  It  receives  numerous  fibers  from  the  optic 
tract,  while  other  fibers  of  this  tract  pass  over  or  through  it  into  the  pulvinar. 
Its  cells  are  large  and  pigmented;  their  axons  pass  to  the  visual  area  in  the  occipital 
oarf  of  the  cerebral  cortex. 
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The  superior  colliculus,  the  pulvinar,  and  the  lateral  geniculate  body  receive 
many  fibers  from  the  optic  tracts,  and  are  therefore  intimately  connected  with 
sight,  constituting  what  are  termed  the  lower  visual  centers.  Extirpation  of  the 
eyes  in  a  newly  born  animal  entails  an  arrest  of  the  development  of  these  centers, 
but  has  no  effect  on  the  medial  geniculate  bodies  or  on  the  inferior  colliculi.  More¬ 
over,  the  latter  are  well-developed  in  the  mole,  an  animal  in  which  the  superior 
colliculi  are  rudimentary. 

The  Epithalamus  comprises  the  trigonum  habenula,  the  pineal  body,  and  the 
posterior  commissure. 

The  trigonum  habenula  is  a  small  depressed  triangular  area  situated  in  front 
of  the  superior  colliculus  and  on  the  lateral  aspect  of  the  posterior  part  of  the  taenia 
thalami.  It  contains  a  group  of  nerve  cells  termed  the  ganglion  habenula.  Fibers 
enter  it  from  the  stalk  of  the  pineal  body,  and  others,  forming  what  is  termed  the 
habenular  commissure,  pass  across  the  middle  line  to  the  corresponding  ganglion 
of  the  opposite  side.  Most  of  its  fibers  are,  however,  directed  downward  and  form 
a  bundle,  the  fasciculus  retroflexus  of  Meynert,  which  passes  medial  to  the  red 
nucleus,  and,  after  decussating  with  the  corresponding  fasciculus  of  the  opposite 
side,  ends  in  the  interpeduncular  ganglion. 

The  pineal  body  ( corpus  pineale;  epiphysis)  is  a  small,  conical,  reddish-gray  body 
which  lies  in  the  depression  between  the  superior  colliculi.  It  is  placed  beneath  the 
splenium  of  the  corpus  callosum,  but  is  separated  from  this  by  the  tela  chorioidea 
of  the  third  ventricle,  the  lower  layer  of  which  envelops  it.  It  measures  about 
8  mm.  in  length,  and  its  base,  directed  forward,  is  attached  by  a  stalk  or  peduncle 
of  white  substance.  The  stalk  of  the  pineal  body  divides  anteriorly  into  two 
laminae,  a  dorsal  and  a  ventral,  separated  from  one  another  by  the  pineal  recess 
of  the  third  ventricle.  The  ventral  lamina  is  continuous  with  the  posterior  com¬ 
missure;  the  dorsal  lamina  is  continuous  with  the  habenular  commissure  and 
divides  into  two  strands  the  medullary  striae,  which  run  forward,  one  on  either 
side,  along  the  junction  of  the  medial  and  upper  surfaces  of  the  thalamus  to  blend 
in  front  with  the  columns  of  the  fornix. 

The  posterior  commissure  is  a  rounded  band  of  white  fibers  crossing  the  middle 
line  on  the  dorsal  aspect  of  the  upper  end  of  the  cerebral  aqueduct.  Its  fibers 
acquire  their  medullary  sheaths  early,  but  their  connections  have  not  been  definitely 
determined.  Most  of  them  have  their  origin  in  a  nucleus,  the  nucleus  of  the  poste¬ 
rior  commissure  (nucleus  of  Darkschemitsch) ,  which  lies  in  the  central  gray  substance 
of  the  upper  end  of  the  cerebral  aqueduct,  in  front  of  the  nucleus  of  the  oculomotor 
nerve.  Some  are  probably  derived  from  the  posterior  part  of  the  thalamus  and  from 
the  superior  colliculus,  while  others  are  believed  to  be  continued  downward  into 
the  medial  longitudinal  fasciculus. 

The  Hypothalamus  (Fig.  738)  includes  the  subthalamic  tegmental  region  and 
the  structures  forming  the  greater  part  of  the  floor  of  the  third  ventricle,  viz.,  the 
corpora  mammillaria,  tuber  cinereum,  infundibulum,  hypophysis,  and  optic  chiasma. 

The  subthalamic  tegmental  region  consists  of  the  upward  continuation  of  the 
tegmentum;  it  lies  on  the  ventro-lateral  aspect  of  the  thalamus  and  separates 
it  from  the  fibers  of  the  internal  capsule.  The  red  nucleus  and  the  substantia 
nigra  are  prolonged  into  its  lower  part;  in  front  it  is  continuous  with  the  substantia 
innominata  of  Meynert,  medially  with  the  gray  substance  of  the  floor  of  the  third 
ventricle. 

It  consists  from  above  downward  of  three  strata:  (1)  stratum  dors&le,  directly 
applied  to  the  under  surface  of  the  thalamus  and  consisting  of  fine  longitudinal 
fibers;  (2)  zona  incerta,  a  continuation  forward  of  the  formatio  reticularis  of  the 
tegmentum;  and  (3)  the  corpus  subthalamicum  ( nucleus  of  Luys ),  a  brow  nish  mass 
presenting  a  lenticular  shape  on  transverse  section,  and  situated  on  the  dorsal 
aspect  of  the  fibers  of  the  base  of  the  cerebral  peduncle;  it  is  encapsuled  by  a  lamina 
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of  nerve  fibers  and  contains  numerous  medium-sized  nerve  cells,  the  connections 
of  which  are  as  yet  not  fully  determined. 

The  corpora  maxnxniUaria  ( corpus  albicantia )  are  two  round  white  masses,  each 
about  the  size  of  a  small  pea,  placed  side  by  side  below  the  gray  substance  of  the 
floor  of  the  third  ventricle  in  front  of  the  posterior  perforated  substance.  They 
consist  of  white  substance  externally  and  of  gray  substance  internally,  the  cells  of 
the  latter  forming  two  nuclei,  a  medial  of  smaller  and  a  lateral  of  larger  cells.  The 
white  substance  is  mainly  formed  by  the  fibers  of  the  columns  of  the  fornix,  which 
descend  to  the  base  of  the  brain  and  end  partly  in  the  corpora  mammillaruu  From 
the  cells  of  the  gray  substance  of  each  mammillary  body  two  fasciculi  arise:  one, 
the  thalamomammillary  fasciculus  ( bundle  of  Vicq  d* Azyr),  passes  upward  into  the 
anterior  nucleus  of  the  thalamus;  the  other  is  directed  downward  into  the  tegmen¬ 
tum.  Afferent  fibers  are  believed  to  reach  the  corpus  mammillare  from  the  medial 
lemniscus  and  from  the  tegmentum. 
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Median  sagittal  section  ol  brain.  The  relations  of  the  pia  mater  are  indicated  by  the  red  color. 


The  tuber  cinereum  is  a  hollow  eminence  of  gray  substance  situated  between 
the  corpora  maramillaria  behind,  and  the  optic  chiasma  in  front.  Laterally  it  is 
continuous  with  the  anterior  perforated  substances  and  anteriorly  with  a  thin 
lamina,  the  lamina  tenninalis.  From  the  under  surface  of  the  tuber  cinereum  a 
hollow  conical  process,  the  infundibulum,  projects  downward  and  forward  and  is 
attached  to  the  posterior  lobe  of  the  hypophysis. 

Id  the  lateral  part  of  the  tuber  cinereum  is  a  nucleus  of  nerve  cells,  the  basal  optic  nucleus 
o!  Meynert,  while  close  to  the  cavity  of  the  third  ventricle  are  three  additional  nuclei.  Between 
the  tuber  cinereum  and  the  corpora  matnmillana  a  small  elevation,  with  a  corresponding  de¬ 
pression  in  the  third  ventricle,  is  sometimes  seen.  Retzius  has  named  it  the  eminentia  saccul&ris, 
and  regards  it  as  a  representative  of  the  saecus  vaseulosua  found  in  this  situation  in  some  of 
the  lower  vertebral es. 
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The  hypophysis  ( pituitary  body)  (Fig.  739)  is  a  reddish-gray,  somewhat  oval 
mass,  measuring  about  12.5  mm.  in  its  transverse,  and  about  8  mm,  in  its  antero* 
posterior  diameter.  It  is  attached  to  the  end  of  the  infundibulum,  and  is  situated 
in  the  fossa  hypophyseos  of  the  sphenoidal  bone,  where  it  is  retained  by  a  circular 
fold  of  dura  mater,  the  diaphragma  sella;  this  fold  almost  completely  roofs  in  the 
fossa,  leaving  only  a  small  central  aperture  through  which  the  infundibulum  passes, 
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•The  hypophysis  cerebri*  in  position.  Shown  in  section. 


Optic  Chiasma  (ckia.ma  optician;  optic  comnmsurc) . — The  optic  chiasma  is  a 
flattened,  somewhat  quadrilateral  band  of  fibers,  situated  at  the  junction  of  the 
floor  and  anterior  wall  of  the  third  ventricle.  Most  of  its  fibers  ha  ve  their  origin* 
in  the  retina,  and  reach  the  chiasma  through  the  optic  nerves,  which  are  continuous 
with  its  antero-lateral  angles.  In  the  chiasma,  they  undergo  a  partial  decussation 
(Fig.  740) ;  the  fibers  from  the  nasal  half  of  the  retina  decussate  and  enter  the  optic 
tract  of  the  opposite  side,  w  hile  the  fibers  from  the  temporal  half  of  the  retina  do 
not  undergo  decussation,  but  pass  back  into  the  optic  tract  of  the  same  side. 
Occupying  the  posterior  part  of  the  commissure,  however,  is  a  strand  of  fibers, 
the  commissure  of  Gudden,  which  is  not  derived  from  the  optic  nerves;  it  forms  a 
connecting  link  between  the  medial  geniculate  bodies. 

Optic  Tracts. — The  optic  tracts  are  continued  backward  and  lateralward  from 
the  postero-lateral  angles  of  the  optic  chiasma.  Each  passes  between  the  anterior 
perforated  substance  and  the  tuber  einereum,  and,  winding  around  the  ventro¬ 
lateral  aspect  of  the  cerebral  peduncle,  divides  into  a  medial  and  a  lateral  root. 
The  former  comprises  the  fibers  of  Gudden  *s  commissure.  The  lateral  root  consists 
mainly  of  afferent  fibers  which  arise  in  the  retina  and  undergo  partial  decussation 
in  the  optic  chiasma,  as  described;  but  it  also  contains  a  few  fine  efferent  fibers 
which  have  their  origins  in  the  brain  and  their  terminations  in  the  retina.  When 
traced  backward,  the  afferent  fibers  of  the  lateral  root  are  found  to  end  in  the  lateral 
geniculate  body  and  pulvjnar  of  the  thalamus,  and  in  the  superior  colliculus;  and 
these  three  structures  constitute  the  lower  visual  centers.  Fibers  arise  from  the 
nerve  cells  in  these  centers  and  pass  through  the  occipital  part  of  the  internal 
capsule,  under  the  name  of  the  optic  radiations,  to  the  cortex  of  the  occipital  lobe 
of  the  cerebrum,  where  the  higher  or  cortical  visual  center  is  situated.  Some  of  the 
fibers  of  the  optic  radiations  take  an  opposite  course,  arising  from  the  cells  of  the 
occipital  cortex  and  passing  to  the  lower  visual  centers.  Some  fibers  are  detached 
from  the  optic  tract,  and  pass  through  the  cerebral  peduncle  to  the  nucleus  of 
the  oculomotor  nerve.  These  may  be  regarded  as  the  afferent  branches  for  the 
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Sphincter  pupillse  and  Ciliaris  muscles.  Other  fibers  have  been  described  as 
reaching  the  cerebellum  through  the  superior  peduncle;  while  others,  again,  are 
lost  in  the  pons. 

The  Third  Ventricle  (tentriculus  tertius)  (Figs.  734,  738). — The  third  ventricle  is 
a  median  cleft  between  the  two  thalami.  Behind,  it  communicates  with  the  fourth 
ventricle  through  the  cerebral  aqueduct,  and  in  front  with  the  lateral  ventricles 
through  the  interventricular  foramen.  Somewhat  triangular  in  shape,  with  the 
apex  directed  backward,  it  has  a  roof,  a  floor,  an  anterior  and  a  posterior  boundary 
and  a  pair  of  lateral  walls. 


Retina 


— Optic  nerve 
Crossed  fibre# 
Uncrossed  fibres 


Optic  chiasma 
Optic  tract 

- Commissure  of  Oudden 


Pulvinar 


Lateral  geniculate  body 
Medial  geniculate  body 
Superior  colliculus 

— Inferior  colliculus 

Nucleus  of  oculomotor  nerve 

Nucleus  of  trochlear  nerve 

Nucleus  of  abducent  nerve 
Optic  radiations 
Tectospinal  fasciculus 

Cortical  efferent  fibres 


Cortex  of  occipital  lobes 

Fio.  740. — Scheme  showing  central  connections  of  the  optic  nerves  and  optic  tracts. 


The  roof  (Fig.  741)  is  formed  by  a  layer  of  epithelium,  which  stretches  between 
the  upper  edges  of  the  lateral  walls  of  the  cavity  and  is  continuous  with  the  epithe¬ 
lial  lining  of  the  ventricle.  It  is  covered  by  and  adherent  to  a  fold  of  pia  mater, 
named  the  tela  chorioidea  of  the  third  ventricle,  from  the  under  surface  of  which 
a  pair  of  vascular  fringed  processes,  the  choroid  plexuses  of  the  third  ventricle, 
project  downward,  one  on  either  side  of  the  middle  line,  and  invaginate  the 
epithelial  roof  into  the  ventricular  cavity. 

The  floor  slopes  downward  and  forward  and  is  formed  mainly  by  the  structures 
which  constitute  the  hypothalamus:  from  before  backward  these  are:  the  optic 
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chiasma,  the  tuber  einereum  and  infundibulum,  and  the  corpora  tnainmilkria. 
Behind  the  last,  the  floor  is  formed  by  the  interpeduncular  fossa  and  the  tegmenta 
of  the  cerebral  peduncles.  The  ventricle  is  prolonged  downward  as  a  fitand- 
sbaped  recess,  the  recessus  infundibuli,  into  the  infundibulum,  and  to  the  apex  of 
the  latter  the  hypophysis  is  attached. 

The  anterior  boundary  is  constituted  below  by  the  lamina  terminalis,  a  thin  layer 
of  gray  substance  stretching  from  the  upper  surface  of  the  optic  chiasma  to  the 
rostrum  of  the  corpus  callosum ;  above  by  the  columns  of  the  fornix  and  the  anterior 
commissure.  At  the  junction  of  the  floor  and  anterior  wall,  immediately  above 
the  optic  chiasma,  the  ventricle  presents  a  small  angular  recess  or  diverticulum, 
the  optic  recess.  Between  the  columns  of  the  fornix,  and  above  the  anterior 
commissure,  is  a  second  recess  termed  the  vulva.  At  the  junction  of  the  rixif  and 
anterior  wall  of  the  ventricle,  and  situated  between  the  thalami  behind  arid  the 
columns  of  the  fornix  in  front,  is  the  interventricular  foramen  (  foramen  of  Monro) 
through  which  the  third  communicates  with  the  lateral  ventricles. 


Lohrui  /[  „  ’  '•  . 

cent  rick  *  VJ 

TO  a  chorwidm  / 

Interim (  central  veiny  ^ 
Epttlvh.nl  lining  of  vent  rich 


h'/nl/elml  lining 

o/  iKtifriek 
2 ’'/cm'  *1 al  vtin 
Cktrwti  pUxut  of 
litter  n  l  yxntridi 


Cft&rmd  pl&cu&td  cf  third  ventricli 
Third  ve  niride 


Fiq.  741. — Coronal  section  of  lateral  and  third  ventricles  (t)i*granrmi»tje.  j 


The  posterior  boundary  is  constituted  by  the  pineal  body,  the  posterior  commissure 
and  the  cerebral  aqueduct.  A  small  recess,  the  recessus  pinealis,  projects  into  the 
stalk  of  the  pineal  body,  while  in  front  of  and  above  the  pineal  body  is  a  second 
recess,  the  recessus  suprapine&lis,  consisting  of  a  diverticulum  of  the  epithelium 
which  forms  the  ventricular  roof. 

Each  lateral  wall  consists  of  an  upper  portion  formed  by  the  medial  surface  of 
the  anterior  two-thirds  of  the  thalamus,  and  a  lower  consisting  of  an  upward 
continuation  of  the  gray  substance  of  the  ventricular  floor.  These  two  parts 
correspond  to  the  alar  and  basal  laminae  respectively  of  the  lateral  wall  of  the 
fore-brain  vesicle  and  are  separated  from  each  other  by  a  furrow,  the  sulcus  of 
Monro,  which  extends  from  the  interventricular  foramen  to  the  cerebral  aqueduct 
(page  734).  The  lateral  wall  is  limited  above  by  the  lamia  thalami.  The  columns 
of  the  fornix  curve  downward  in  front  of  the  interventricular  foramen,  and 
then  run  in  the  lateral  walls  of  the  ventricle,  where,  at  first,  they  form  distinct 
prominences,  but  subsequently  are  lost  to  sight.  The  lateral  walls  are  joined  to 
each  other  across  the  cavity  of  the  ventricle  by  a  band  of  gray  matter,  the  mass* 
intermedia  (page  813). 

Interpeduncular  Fossa  (Fig,  742). — This  is  a  somewhat  lozenge-shaped  area  of  the 
base  of  the  brain,  limited  in  front  by  the  optic  chiasma,  behind  by  the  amero* 
superior  surface  of  the  pons,  antero-laterally  by  the  converging  optic  tracts. 
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and  postero-laterally  by  the  diverging  cerebral  peduncles.  The  structures  con 
tained  in  it  have  already  been  described;  from  behind  forward,  they  are  the  pos¬ 
terior  perforated  substance,  corpora  mamillaria,  tuber  cinereum,  infundibulum 
and  hypophysis. 


Frontal  lobe 


Temporal 

lobe 


Occipital  lobe 


Fio.  742 — Base  of  brain. 


The  Telencephalon* — The  telencephalon  includes:  (1)  the  cerebral  hemispheres 
with  their  cavities,  the  lateral  ventricles;  and  (2)  the  pars  optica  hypothalami  and 
the  anterior  portion  of  the  third  ventricle  (already  described  under  the  dienceph- 
alon).  As  previously  stated  (see  page  737),  each  cerebral  hemisphere  may  be 
divided  into  three  fundamental  parts,  viz.,  the  rhineneephalon,  the  corpus 
striatum,  and  the  neopallium.  The  rhineneephalon,  associated  with  the  sense 
of  smell,  is  the  oldest  part  of  the  telencephalon,  and  forms  almost  the  whole  of 
the  hemisphere  in  some  of  the  lower  animals,  c.  g.t  fishes,  amphibians,  and 
reptiles.  In  man  it  is  rudimentary,  whereas  the  neopallium  undergoes  great 
development  and  forms  the  chief  part  of  the  hemisphere. 

The  Cerebral  Hemispheres. — The  cerebral  hemispheres  constitute  the  largest 
part  of  the  brain,  and,  when  viewed  together  from  above,  assume  the  form  of 
an  ovoid  mass  broader  behind  than  in  front,  the  greatest  transverse  diameter 
corresponding  with  a  line  connecting  the  two  parietal  eminences.  The  hemispheres 
are  separated  medially  by  a  deep  cleft,  named  the  longitudinal  cerebral  fissure, 
and  each  possesses  a  central  cavity,  the  lateral  ventricle. 
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The  Longitudinal  Cerebral  Fissure  ( fissura  cerebri  longitudinalis;  great  longitudinal 
fissure)  contains  a  sickle-shaped  process  of  dura  mater,  the  falx  cerebri.  It  front 
and  behind,  the  fissure  extends  from  the  upper  to  the  under  surfaces  of  the  hemi¬ 
spheres  and  completely  separates  them,  but  its  middle  portion  separates  them  for 
only  about  one-half  of  their  vertical  extent ;  for  at  this  part  they  are  connected  across 
the  middle  line  by  a  great  central  white  commissure,  the  corpus  callosum. 

In  a  median  sagittal  section  (Fig.  738)  the  cut  corpus  callosum  presents  the 
appearance  of  a  broad,  arched  band.  Its  thick  posterior  end,  termed  the  splenium, 
overlaps  the  mid-brain,  but  is  separated  from  it  by  the  tela  chorioidea  of  the  third 

ventricle  and  the  pineal  body.  Its  anterior 
curved  end,  termed  the  genu,  gradually  tapers 
into  a  thinner  portion,  the  rostrum,  which  is 
continued  downward  and  backward  in  front  of 
the  anterior  commissure  to  join  the  lamina 
terminalis.  Arching  backward  from  immediately 
behind  the  anterior  commissure  to  the  under 
surface  of  the  splenium  is  a  second  white  band 
named  the  fornix:  between  this  and  the  corpus 
callosum  are  the  laminae  and  cavity  of  the 
septum  pellucidum. 

Surfaces  of  the  Cerebral  Hemispheres. — Each 
hemisphere  presents  three  surfaces:  lateral, 
medial,  and  inferior. 

The  lateral  surface  is  convex  in  adaptation  to 
the  concavity  of  the  corresponding  half  of  the 
vault  of  the  cranium.  The  medial  surface  is 
flat  and  vertical,  and  is  separated  from  that 
of  the  opposite  hemisphere  by  the  great  longi¬ 
tudinal  fissure  and  the  falx  cerebri.  The  inferior 
surface  is  of  an  irregular  form,  and  may  be  divided 
into  three  areas:  anterior,  middle,  and  posterior. 
The  anterior  area,  formed  by  the  orbital  sur¬ 
face  of  the  frontal  lobe,  is  concave,  and  rests  on 
the  roof  of  the  orbit  and  nose;  the  middle  area 
is  convex,  and  consists  of  the  under  surface  of 
the  temporal  lobe:  it  is  adapted  to  the  corre¬ 
sponding  half  of  the  middle  cranial  fossa.  The 
posterior  area  is  concave,  directed  medialward 
as  well  as  downward,  and  is  named  the  tentorial 
surface,  since  it  rests  upon  the  tentorium  cere- 
belli,  which  intervenes  between  it  and  the  upper 
surface  of  the  cerebellum. 

These  three  surfaces  are  separated  from 
each  other  by  the  following  borders:  (a) 
supero-medi&l,  between  the  lateral  and  medial  surfaces;  (6)  infero-later&l,  between 
the  lateral  and  inferior  surfaces;  the  anterior  part  of  this  border  separating  the 
lateral  from  the  orbital  surface,  is  known  as  the  superciliary  border;  (c)  medial 
occipital,  separating  the  medial  and  tentorial  surfaces;  and  id)  medial  orbital, 
separating  the  orbital  from  the  medial  surface.  The  anterior  end  of  the  hemi¬ 
sphere  is  named  the  frontal  pole;  the  posterior,  the  occipital  pole;  and  the  anterior 
end  of  the  temporal  lobe,  the  temporal  pole.  About  5  cm.  in  front  of  the  occipital 
pole  on  the  infero-lateral  border  is  an  indentation  or  notch,  named  the  preoccipital 
notch. 

The  surfaces  of  the  hemispheres  are  moulded  into  a  number  of  irregular  emi- 


Fio.  743  —Lateral  surface  of  left  cerebral 
hemisphere,  viewed  from  above. 
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aretes,  named  gyrt  or  convolutions,  and  separated  by  furrows-  termed  fissures  and 
wi lei.  The  ..furrow*  are  of  two  kinds,  immplete*  The  former  appear 

early  m  feta)  life*  are  few  in  number,  and  are  produced  by  mfoblmge  o£  the  entire 
thickness  of  the  bruin  wall,  and  give  rise  to  corresponding  elevations  in  the  interior 
of  tie  ventricle*  They  cofiipr&e  the.hippcieanxpal  fissure,  and  parts  the  eale^tihe. 
and  collateral  fissures.  The  incomplete  furrows  are  very  jnimmms,  aiid  only  indent 
.the  subjacent : white  substance,  without  producirtgany  ebnespimding  elevations  in 
tfie  veotrieular  cavity.  /  >  .  • 

The  jgyrt^nd  theif  Uftervetiiitg  fissures  and  the  sulci  are  fairly  constant  in  their 
ajTangtmxot;  at  tbe^  certain  limits,  not:  only  in  Jiiforcnt 

individuals, but  an  the  two  hemispheres  of  the  same  brain.  The  convoluted  coite 
dition  of  the  surface  permits  of  a  great  increase  of  the  gray  matter  withwfc  the 
*amfioc  of  much  additional  space.  'The'- number  .and.  extent  of  the  gyri,  as  well 
as  the  depth  of  the  intervening  furrows,  appear  to  bear  a  direct  relation  to  the 
intellectual  powers  of  the  i&dividuaf. 

Certain  of  the  fissures  and  sulci  are  utilised  for  the  purpose  of  dividing  the  hemb 
sphere  inP>  iobe^  and  are  therefore  tennet  1  interlobular  ;  i uel i id ed  u mier  t hL>  Category 
lateral  cerebral,  parietooccipital,  calcarine,  and  collateral  fissures,  the' 
idei,  and  the  sulcus  dreularis; 


i  ofitml  ami  cin^Tdate 


-T  ^tersil  of  fctf.C  vm**«?*1  f nsjrtt<  .* t U «» .-Htiiiei . 


The  Lateral  Cerebral  Fissure  i  ft  as  ar  a  pimkri  hrirreiliH-[8ylrii] $  fisau  tk  of  Sylnbs)  (Fig, 
7U)  h  a.  well-mark^I  efvft  arc  tfieTufend.r  and  lateral  -surfaces  of  the  bemis|>hr-rf;s 

which  divides  into  three  cumi.  The  stem 'h  situated 
on  fchtvbasc  of  the  brain,  and  comnieni'cs  in  a  depBessioii  at  tlieiatyral  angle  nt  the 
^^rioc;p^rf0rafoS  substance.  Frtmi  this  point  it  extends  between  the  anterior 
part  of  the  temporal  lobe  and  the  orbital  surface  of  the  frontal  lobe,  4 ad  reaches 
the  lateral  aiir^ace!;b|“, ij^.  lifcim^phere.  Here  ft  divides  iu&>  three  rami :  an  anterior 
horizontal,  tm  anterior  ascending,  .and  a  posterior,  .  The •  anterior  horizontal  rainua', 
forward  for  about  2.5  cue  into  the  inferior  frontal:  gyrus,-  while  the-  anterior' 
lending  ximus  extends  upward  into  the  same  convolution  for  a bout  p u  equal 
distance,  The  posterior  eamus  is. the  longest;  it  runs  backward  and  slighdy  npwarcl 
far  about  7  coy*  and  ends  by  an  upward  inllexum  in  the  parietal  lobe. 

The  Central  Salens  (sulcus  centralis  [Hvlundi];  fissure  «■:./  Roknhh*; .  vruim!  fspur*) 
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(Figs.  743, 744)  is  situated  about  the  middle  of  the  lateral  surface  of  the  hemisphere, 
and  begins  in  or  near  the  longitudinal  cerebral  fissure,  a  little  behind  its  mid-point 
It  runs  sinuously  downward  and  forward,  and  ends  a  little  above  the  posterior 
ramus  of  the  lateral  fissure,  and  about  2.5  cm.  behind  the  anterior  ascending  ramus 
of  the  same  fissure.  It  described  two  chief  curves:  a  superior  genu  writh  its  con¬ 
cavity  directed  forward,  and  an  inferior  genu  with  its  concavity  directed  backward. 
The  central  sulcus  forms  an  angle  opening  forward  of  about  70°  writh  the  median 
plane. 

The  Parietooccipital  Fissure  ( fissura  parietooccipUalis). — Only  a  small  part  of  this 
fissure  is  seen  on  the  lateral  surface  of  the  hemisphere,  its  chief  part  being  on  the 
medial  surface. 


The  lateral  part  of  the  parietooccipital  fissure  (Fig.  744)  is  situated  about  5  cm. 
in  front  of  the  occipital  pole  of  the  hemisphere,  and  measures  about  1.25  cm.  in 
length. 


The  medial  part  of  the  parietooccipital  fissure  (Fig.  745)  runs  downward  and  for¬ 
ward  as  a  deep  cleft  on  the  medial  surface  of  the  hemisphere,  and  joins  the  calcarine 
fissure  below  and  behind  the  posterior  end  of  the  corpus  callosum.  In  most  cases 
it  contains  a  submerged  gyrus. 

The  Calcarine  Fissure  (fissura  calcarina)  (Fig.  745)  is  on  the  medial  surface  of 
the  hemisphere.  It  begins  near  the  occipital  pole  in  two  converging  rami,  and  runs 
forward  to  a  point  a  little  below  the  splenium  of  the  corpus  callosum,  where  it  b 
joined  at  an  acute  angle  by  the  medial  part  of  the  parietooccipital  fissure.  The 
anterior  part  of  this  fissure  gives  rise  to  the  prominence  of  the  calcar  avis  in  the 
posterior  cornu  of  the  lateral  ventricle. 

The  Cingulate  Sulcus  (sulcus  cinguli ;  caUosornarginal  fissure)  (Fig.  745)  is  on  the 
medial  surface  of  the  hemisphere;  it  begins  below  the  anterior  end  of  the  corpus 
callosum  and  runs  upw  ard  and  forward  nearly  parallel  to  the  rostrum  of  this  body 
and,  curving  in  front  of  the  genu,  is  continued  backward  above  the  corpus  callosum, 
and  finally  ascends  to  the  supero -medial  border  of  the  hemisphere  a  short  distance 
behind  the  upper  end  of  the  central  sulcus.  It  separates  the  superior  frontal  from 
the  cingulate  gyrus. 

The  Collateral  Fissure  (fissura  collateralis)  (Fig.  745)  is  on  the  tentorial  surface 
of  the  hemisphere  and  extends  from  near  the  occipital  pole  to  writhin  a  short  dis¬ 
tance  of  the  temporal  pole.  Behind,  it  lies  below  and  lateral  to  the  calcarine  fissure, 
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from  which  it  m  separated  by  the  lingual  gyrus;  in  front,  it  is  situated  between  the 
hippocampal  gyrus  and  the  anterior  part  of  the  fusiform  gyrus. 

The  Sulcus  Circul&ris  (circuminsular  fissure)  (Fig.  749)  is  on  the  lower  and  lateral 
surfaces  of  the  hemisphere:  it  surrounds  the  insula  and  separates  it  from  the 
frontal,  parietal,  and  temporal  lobes. 

Lobes  of  the  Hemispheres. — By  means  of  these  fissures  and  sulci,  assisted  by 
certain  arbitrary  lines,  each  hemisphere  is  divided  into  the  following  lobes:  the 
frontal,  the  parietal,  the  temporal,  the  occipital,  the  limbic,  and  the  insula. 

Frontal  Lobe  (lobus  frontalis).-- On  the  lateral  surface  of  the  hemisphere  this  lobe 
extends  from  the  frontal  pole  to  the  central  sulcus,  the  latter  separating  it  from 
the  parietal  lobe.  Below,  it  is  limited  bv  the  posterior  ramus  of  the  lateral 
fissure,  which  intervenes  between  it  and  the  central  lobe.  On  the  medial  sur¬ 
face,  it  is  separated  from  the  cingulate  gyrus  by  the  cingulate  sulcus;  and  on  the 
inferior  surface,  it  is  bounded  behind  by  the  stem  of  the  lateral  fissure. 


Fry.  740. — Principal  fisguree  anti  lobes  of  tb«  cerebrum  viewed  laterally. 

The  lateral  surface  of  the  frontal  lobe  (Fig,  744)  is  traversed  by  three  sulci  which 
divide  it  into  four  gyri;  the  sulci  are  named  the  precentral,  and  the  superior  and 
inferior  frontal;  the  gyri  are  the  anterior  central,  and  the  superior,  middle,  and 
inferior  frontal.  The  precentral  sulcus  runs  parallel  to  the  central  sulcus,  and  is 
usually  divided  into  an  upper  and  a  lower  part;  between  it  and  the  central  sulcus  is 
the  anterior  central  gyrus.  From  the  precentral  sulcus,  the  superior  and  inferior 
frontal  sulci  run  forward  and  downward,  and  divide  the  remainder  of  the  lateral 
surface  of  the  lobe  into  three  parallel  gyri,  named,  respectively  the  superior,  middle, 
and  inferior  frontal  gyri. 

The  anterior  central  gyrus  (gyrus  centralis  anterior;  ascending  frontal  convolution; 
jwcentral  gyre)  is  bounded  in  front  by  the  precentral  sulcus,  behind  by  the  central 
sulcus;  it  extends  from  the  supero-medial  border  of  the  hemisphere  to  the  posterior 
ramus  of  the  lateral  fissure. 

The  superior  frontal  gyrus  (gyms  frontalis  superior;  superfnmtal  gyre)  is  situated 
alx>ve  the  superior  frontal  sulcus  and  is  continued  on  to  the  medial  surface  of  the 
hemisphere.  The  portion  on  the  lateral  surface  of  the  hemisphere  is  usually  more 
or  less  completely  subdivided  into  an  upper  and  a  lower  part  by  an  antero- 
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posterior  sulcus,  the  paramedial  sulcus,  which,  however,  is  frequently  interrupted 
by  bridging  gyri. 

The  middle  frontal  gyrus  (gyrus  frontalis  medius;  medifrontal  gyre),  between  the 
superior  and  inferior  frontal  sulci,  is  continuous  with  the  anterior  orbital  gyrus  on 
the  inferior  surface  of  the  hemisphere;  it  is  frequently  subdivided  into  two  by  a 
horizontal  sulcus,  the  medial  frontal  sulcus  of  Eberstaller,  which  ends  anteriorly  in 
a  wide  bifurcation. 

The  inferior  frontal  gyrus  (gyrus  frontalis  inferior;  subfrontal  gyre)  lies  below  the 
inferior  frontal  sulcus,  and  extends  forward  from  the  lower  part  of  the  precentral 
sulcus;  it  is  continuous  writh  the  lateral  and  posterior  orbital  gyri  on  the  under 
surface  of  the  lobe.  It  is  subdivided  by  the  anterior  horizontal  and  ascending  rami 
of  the  lateral  fissure  into  three  parts,  viz.,  (1)  the  orbital  part,  below-  the  anterior 
horizontal  ramus  of  the  fissure;  (2)  the  triangular  part  (cap  of  Broca),  between 
the  ascending  and  horizontal  rami;  and  (3)  the  basilar  part,  behind  the  anterior 
ascending  ramus.  The  left  inferior  frontal  gyrus  is,  as  a  rule,  more  highly 
developed  than  the  right,  and  is  named  the  gyrus  of  Broca,  from  the  fact  that 
Broca  described  it  as  the  center  for  articulate  speech. 

The  inferior  or  orbital  surface  of  the  frontal  lobe  is  concave,  and  rests  on  the  orbital 
plate  of  the  frontal  bone  (Fig.  747).  It  is  divided  into  four  orbital  gyri  by  a  well- 

marked  H-shaped  orbital  sulcus.  These  are 
named,  from  their  position,  the  medial,  anterior, 
lateral,  and  posterior  orbital  gyri.  The  medial 
orbital  gyrus  presents  a  wrell-marked  antero¬ 
posterior  sulcus,  the  olfactory  sulcus,  for  the 
olfactory  tract;  the  portion  medial  to  this  is 
named  the  straight  gyrus,  and  is  continuous  with 
the  superior  frontal  gyrus  on  the  medial  surface. 

The  medial  surface  of  the  frontal  lobe  is  occu¬ 
pied  by  the  medial  part  of  the  superior  frontal 
gyrus  (marginal  gyrus)  (Fig.  745).  It  lies  be- 
tw'een  the  cingulate  sulcus  and  the  supero-medial 
margin  of  the  hemisphere.  The  posterior  part 
of  this  gyrus  is  sometimes  marked  off  by  a  ver¬ 
tical  sulcus,  and  is  distinguished  as  the  paracen¬ 
tral  lobule,  because  it  is  continuous  with  the 
anterior  and  posterior  central  gyri. 

Parietal  Lobe  (lobus  parietalis). — The  parietal 
i'm.  747  — Orbital  surface  of  left  frontal  lobe,  lobe  is  separated  from  the  frontal  lobe  by  the 

central  sulcus,  but  its  boundaries  below  and 
behind  are  not  so  definite.  Posteriorly,  it  is  limited  by  the  parietooccipital  fissure, 
and  by  a  line  carried  across  the  hemisphere  from  the  end  of  this  fissure  toward 
the  preoceipital  notch.  Below,  it  is  separated  from  the  temporal  lobe  by  the 
posterior  ramus  of  the  lateral  fissure,  and  by  a  line  carried  backward  from  it  to 
meet  the  line  passing  downward  to  the  preoceipital  notch. 

The  lateral  surface  of  the  parietal  lobe  (Fig.  744)  is  cleft  by  a  well-marked  furrow, 
the  intraparietal  sulcus  of  Turner,  which  consists  of  an  oblique  and  a  horizontal 
portion.  The  oblique  part  is  named  the  postcentral  sulcus,  and  commences  l>elow, 
about  midway  between  the  lowrer  end  of  the  central  sulcus  and  the  upturned  end 
of  the  lateral  fissure.  It  runs  upward  and  backward,  parallel  to  the  central  sulcus, 
and  is  sometimes  divided  into  an  upper  and  a  lower  ramus.  It  forms  the  hinder 
limit  of  the  posterior  central  gyrus. 

From  about  the  middle  of  the  postcentral  sulcus,  or  from  the  upper  end  of  its 
inferior  ramus,  the  horizontal  portion  of  the  intraparietal  sulcus  is  carried  backward 
and  slightly  upward  on  the  parietal  lobe,  and  is  prolonged,  under  the  name  of  the 
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occipital  ramus,  on  to  the  occipital  lobe,  where  it  divides  into  two  parts,  which  form 
nearly  a  right  angle  with  the  main  stem  and  constitute  the  transverse  occipital  sulcus. 
The  part  of  the  parietal  lobe  above  the  horizontal  portion  of  the  intraparietal 
sulcus  is  named  the  superior  parietal  lobule;  the  part  below,  the  inferior  parietal  lobule. 

The  posterior  central  gyrus  ( gyrus  centralis  posterior;  ascending  parietal  convolution; 
postcentral  gyre)  extends  from  the  longitudinal  fissure  above  to  the  posterior  ramus 
of  the  lateral  fissure  below.  It  lies  parallel  with  the  anterior  central  gyrus,  with 
which  it  is  connected  below,  and  also,  sometimes,  above,  the  central  sulcus. 

The  superior  parietal  lobule  (lobvlus  parietalis  superior)  is  bounded  in  front  by 
the  upper  part  of  the  postcentral  sulcus,  but  is  usually  connected  with  the  pos¬ 
terior  central  gyrus  above  the  end  of  the  sulcus;  behind  it  is  the  lateral  part  of 
the  parietooccipital  fissure,  around  the  end  of  which  it  is  joined  to  the  occipital 
lobe  by  a  curved  gyrus,  the  arcus  parietooccipitalis;  below,  it  is  separated  from  the 
inferior  parietal  lobule  by  the  horizontal  portion  of  the  intraparietal  sulcus. 

The  inferior  parietal  lobule  (lobulus  parietalis  inferior;  svbparietal  district  or  lobule) 
lies  below  the  horizontal  portion  of  the  intraparietal  sulcus,  and  behind  the  lower 
part  of  the  postcentral  sulcus.  It  is  divided  from  before  backward  into  two  gyri. 
One,  the  supramarginal,  arches  over  the  upturned  end  of  the  lateral  fissure;  it  is 
continuous  in  front  with  the  postcentral  gyrus,  and  behind  with  the  superior  tem¬ 
poral  gyrus.  The  second,  the  angular,  arches  over  the  posterior  end  of  the  superior 
temporal  sulcus,  behind  which  it  is  continuous  with  the  middle  temporal  gyrus. 

The  medial  surface  of  the  parietal  lobe  (Fig.  745)  is  bounded  behind  by  the 
medial  part  of  the  parietooccipital  fissure;  in  front,  by  the  posterior  end  of  the  cin¬ 
gulate  sulcus;  and  below,  it  is  separated  from  the  cingulate  gyrus  by  the  subparietal 
sulcus.  It  is  of  small  size,  and  consists  of  a  square-shaped  convolution,  which  is 
termed  the  precuneus  or  quadrate  lobe. 

Occipital  Lobe  ( lobus  occipitalis ). — The  occipital  lobe  is  small  and  pyramidal 
in  shape;  it  presents  three  surfaces:  lateral,  medial,  and  tentorial. 

The  lateral  surface  is  limited  in  front  by  the  lateral  part  of  the  parietooccipital 
fissure,  and  by  a  line  carried  from  the  end  of  this  fissure  to  the  preoccipital  notch; 
it  is  traversed  by  the  transverse  occipital  and  the  lateral  occipital  sulci.  The 
transverse  occipital  sulcus  is  continuous  with  the  posterior  end  of  the  occipital 
ramus  of  the  intraparietal  sulcus,  and  runs  across  the  upper  part  of  the  lobe,  a 
short  distance  behind  the  parietooccipital  fissure.  The  lateral  occipital  sulcus 
extends  from  behind  forward,  and  divides  the  lateral  surface  of  the  occipital  lobe 
into  a  superior  and  an  inferior  gyrus,  which  are  continuous  in  front  with  the  parietal 
and  temporal  lobes.1 

The  medial  surface  of  the  occipital  lobe  is  bounded  in  front  by  the  medial  part 
of  the  parietooccipital  fissure,  and  is  traversed  by  the  calcarine  fissure,  which 
subdivides  it  into  the  cuneus  and  the  lingual  gyrus.  The  cuneus  is  a  wedge-shaped 
area  between  the  calcarine  fissure  and  the  medial  part  of  the  parietooccipital 
fissure.  The  lingual  gyrus  lies  between  the  calcarine  fissure  and  the  posterior  part 
of  the  collateral  fissure;  behind,  it  reaches  the  occipital  pole;  in  front,  it  is  con¬ 
tinued  on  to  the  tentorial  surface  of  the  temporal  lobe,  and  joins  the  hippocampal 
gyrus. 

The  tentorial  surface  of  the  occipital  lobe  is  limited  in  front  by  an  imaginary 
transverse  line  through  the  preoccipital  notch,  and  consists  of  the  posterior  part 
of  the  fusiform  gyrus  ( occipitotemporal  convolution)  and  the  lower  part  of  the  lingual 
gyrus,  which  are  separated  from  each  other  by  the  posterior  segment  of  the 
collateral  fissure. 

Temporal  Lobe  (lobus  temporalis ). — The  temporal  lobe  presents  superior,  lateral, 
and  inferior  surfaces. 

1  Elliot  Smith  has  named  the  lateral  occipital  sulcus  the  sulcus  lunatus ;  he  regards  it  as  the  representative,  in  the 
human  brain,  of  the  “Affenspalte”  of  the  brain  of  the  ape. 
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The  superior  surface  forms  (he  lower  Uuilt  of  the  latefal  fissure  and  overlaps 
the  insula.  On  opening  out  the  lateral  figure,  three  or  four  gyri  will  he  seen  spring- 
in#  from  the  depth  pf  the  hmtier  eJuf ofthe  fissure,  and  running  obliquely  fomrd 
and  outward  on  the  posterior  part  of  the  upper  surface  of  the  superior  tempura! 
gyrus;  these  are  named  the  transverse  tataiNaral  gyri  Cllesdii)  (Pig.  TfSf 
The  lateral  surface  (Fig.  744)  is  bounded  above  Ivy  the  posterior  minus. of  tie 
lateral  fissure,  and  by  the  imaginary  line  ornitinnetl  backward  from  it;  below, 
it  is  limitotl  by  the  intero-fateral  border  pf  thtf  hontispbere.  It  is  r|mi}«l  into 
superior,  tpiddlo*  and  inferior  gvri  by  the  superior  and  middle  temporal  said 
The  superior  temporal  aulcas  runs  from  before  hadktvjird  across  the  temporal  lobe, 
some  little  distance  below,  but  parallel  with.  the  posterior  ramus  of  the  lateral 
fissure ;  and  hence  it  is  often  termed  tin*  parallel  sulcus.  The  middle  temporal  sultras 
takes  the  same  direction  as  the  guperior.  fetot.  Is  situated  at  a  lower  level,  ji'aii  i* 
usually  subdivided  Into ;tv(o  »£  mpretMrits.  The  superior  temporal  gyrus  liosbetwtes 
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The  Insula  {island  of  Reil;  central  lobe)  (Fig-  749)  lies  deeply  in  the  lateral  or 
Sylvian  fissure,  and  can  only  be  seen  when  the  lips  of  that  fissure  are  widely  sep¬ 
arated,  since  it  is  overlapped  and  hidden  by  the  gyri  which  bound  the  fissure. 
These  gyri  are  termed  the  opercula  of  the  insula ;  they  are  separated  from  each  other 
by  the  three  rami  of  the  lateral  fissure,  and  are  named  the  orbital,  frontal,  fronto¬ 
parietal,  and  temporal  opercula.  The  orbital  operculum  lies  below  the  anterior 
horizontal  ramus  of  the  fissure,  the  frontal  between  this  and  the  anterior  ascending 
ramus,  the  parietal  between  the  anterior  ascending  ramus  and  the  upturned  end 
of  the  posterior  ramus,  and  the  temporal  below  the  posterior  ramus.  The  frontal 
operculum  is  of  small  size  in  those  cases  where  the  anterior  horizontal  and  ascending 
rami  of  the  lateral  fissure  arise  from  a  common  stem.  The  insula  is  surrounded 
by  a  deep  circular  sulcus  which  separates  it  from  the  frontal,  parietal,  and  temporal 
lobes.  When  the  opercula  have  been  removed,  the  insula  is  seen  as  a  triangular 
eminence,  the  apex  of  which  is  directed  toward  the  anterior  perforated  substance. 
It  is  divided  into  a  larger  anterior  and  a  smaller  posterior  part  by  a  deep  sulcus, 
which  runs  backward  and  upward  from  the  apex  of  the  insula.  The  anterior 
part  is  subdivided  by  shallow  sulci  into  three  or  four  short  gyri,  w  hile  the  posterior 
part  is  formed  by  one  long  gyrus,  which  is  often  bifurcated  at  its  upper  end.  The 
cortical  gray  substance  of  the  insula  is  continuous  with  that  of  the  different  opercula, 
while  its  deep  surface  corresponds  wTith  the  leiitiform  nucleus  of  the  corpus  striatum. 


Fuj.  740.  — ‘ The  insula  of  the  left  side,  exposed  by  rernavinj?  the  opercula. 

juimuic  x*obe  (Fig.  745)  —The  term  limbic  lobe  was  introduced  by  Broca,  and 
under  it  he  included  the  cingulate  and  hippocampal  gyri,  which  together  arch 
around  the  corpus  callosum  and  the  hippocampal  fissure.  These  he  separated  on 
the  morphological  ground  that  they  are  well-developed  in  animals  possessing  a 
keen  sense  of  smell  (osmatic  animals);  such  as  the  dog  and  fox.  They  were  thus 
regarded  as  a  part  of  the  rhinencephalon,  but  it  is  now  recognized  that  they  belong 
to  the  neopallium;  the  cingulate  gvrus  is  therefore  sometimes  described  as  a  part 
of  the  frontal  lobe,  and  the  hippocampal  as  a  part  of  the  temporal  lobe. 

The  cingulate  gyrus  {gyrus  cinguli;  callosal  cuni'olution)  is  an  arch-shaped  convo¬ 
lution,  lying  in  close  relation  to  the  superficial  surface  of  the  corpus  callosum, 
from  which  it  is  separated  by  a  slit-like  fissure,  the  callosal  fissure.  It  commences 
below  the  rostrum  of  the  corpus  callosum,  curves  around  in  front  of  the  genu, 
extends  along  the  upper  surface  of  the  body,  arid  finally  turns  downward  behind 
the  splenium,  w  here  it  is  connected  by  a  narrowr  isthmus  with  the  hippocampal 
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gvrus.  It  is  separated  from  the  medial  part  of  the  superior  frontal  gyrus  by  the 
cingulate  sulcus,  and  from  the  precuneus  by  the  subparietal  sulcus. 

The  hippocampal  gyrus  (gyrus  hippocampi)  is  bounded  above  by  the  hippocampal 
fissure,  and  below  by  the  anterior  part  of  the  collateral  fissure*  Behind,  it  is  con¬ 
tinuous  superiorly,  through  the  isthmus,  with  the  cingulate  gyrus  and  inferiorly 
with  the  lingual  gyrus.  Running  in  the  substance  of  the  cingulate  and  hippocampal 
gyri,  and  connecting  them  together,  is  a  tract  of  arched  fibers,  named  the  cingulum 
(page  840).  The  anterior  extremity  of  the  hippocampal  gyrus  is  recurved  in  the 
form  of  a  hook  (uncus),  which  is  separated  from  the  apex  of  the  temporal  lobe  by 
a  slight  fissure,  the  incisura  temporalis.  Although  superficially  continuous  with  the 
hippocampal  gyrus,  the  uncus  forms  morphologically  a  part  of  the  rhinencephaion. 

The  Hippocampal  Fissure  (fissura  hippocampi;  dentate  fissure)  begins  immediately 
behind  the  splenium  of  the  corpus  callosum,  and  runs  forward  between  the  hippo¬ 
campal  and  dentate  gyri  to  end  in  the  uncus.  It  is  a  complete  fissure  (page  825*. 
and  gives  rise  to  the  prominence  of  the  hippocampus  in  the  inferior  cornu  of  the 
lateral  ventricle. 

Gyrus  supracallo#i(* 


Rhinencephaion  (Fig.  750), — The  rhinencephaion  comprises  the  olfactory  lobe, 
the  uncus,  the  subcallosal  and  supracallosal  gyri,  the  fascia  dentata  hippocampi, 
the  septum  pellucidum,  the  fornix,  and  the  hippocampus. 

1 .  The  Olfactory  Lobe  ( lobus  olfadorius)  is  situated  under  the  inferior  or  orbital 
surface  of  the  frontal  lobe.  In  many  vertebrates  it  constitutes  a  well-marked 
portion  of  the  hemisphere  and  contains  an  extension  of  the  lateral  ventricle;  but 
in  man  and  some  other  mammals  it  is  rudimentary.  It  consists  of  the  olfactory 
bulb  and  tract,  the  olfactory  trigone,  the  parolfactory  area  of  Broca,  and  the  anterior 
perforated  substance. 

(a)  The  olfactory  bulb  (btilbus  ol fad  onus)  is  an  oval,  reddish-gray  mass  which 
rests  on  the  cribriform  plate  of  the  ethmoid  and  forms  the  anterior  expanded 
extremity  of  the  olfactory  tract.  Its  under  surface  receives  the  olfactory  nerves, 
which  pass  upward  through  the  cribriform  plate  from  the  olfactory  region  of  the 
nasal  cavity.  Its  minute  structure  is  described  on  page  S54. 

(b)  The  olfactory  tract  (trad us  olfactorius)  is  a  narrow  white  band,  triangular 
on  coronal  section,  the  apex  being  directed  upward.  It  lies  in  the  olfactory  sulcus 
on  the  inferior  surface  of  the  frontal  lobe,  and  divides  posteriorly  into  two  stria?, 
a  medial  and  a  lateral.  The  lateral  stria  is  directed  across  the  laterul  part  of  the 
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anterior  perforated  substance  and  then  bends  abruptly  medialward  toward  the 
uncus  of  the  hippocampal  gyrus.  The  medial  stria  turns  medialward  behind 
the  parolfactory  area  and  ends  in  the  subcallosal  gyrus;  in  some  cases  a  small 
intermediate  stria  is  seen  running  backward  to  the  anterior  perforated  substance. 

(c)  The  olfactory  trigone  ( trigonum  olfactorium)  is  a  small  triangular  area  in  front 
of  the  anterior  perforated  substance.  Its  apex,  directed  forward,  occupies  the 
posterior  part  of  the  olfactory  sulcus,  and  is  brought  into  view  by  throwing  back 
the  olfactory  tract. 

(d)  The  parolfactory  area  of  Broca  (area  parolfactoria)  is  a  small  triangular  field 
on  the  medial  surface  of  the  hemisphere  in  front  of  the  subcallosal  gyrus,  from  which 
it  is  separated  by  the  posterior  parolfactory  sulcus;  it  is  continuous  below  with 
the  olfactory  trigone,  and  above  and  in  front  with  the  cingulate  gyrus;  it  is  limited 
anteriorly  by  the  anterior  parolfactory  sulcus. 

(i e )  The  anterior  perforated  substance  (substantia  perforata  anterior)  is  an  irregularly 
quadrilateral  area  in  front  of  the  optic  tract  and  behind  the  olfactory  trigone, 
from  which  it  is  separated  by  the  fissure  prima;  medially  and  in  front  it  is  continuous 
with  the  subcallosal  gyrus;  laterally  it  is  bounded  by  the  lateral  stria  of  the  olfactory 
tract  and  is  continued  into  the  uncus.  Its  gray  substance  is  confluent  above 
with  that  of  the  corpus  striatum,  and  is  perforated  anteriorly  by  numerous  small 
bloodvessels. 

2.  The  Uncus  has  already  been  described  (page  832)  as  the  recurved,  hook-like 
portion  of  the  hippocampal  gyrus. 

3.  The  Subcallosal,  Supracallosal,  and  Dentate  Gyri  form  a  rudimentary  arch¬ 
shaped  lamina  of  gray  substance  extending  over  the  corpus  callosum  and  above 
the  hippocampal  gyrus  from  the  anterior  perforated  substance  to  the  uncus. 

(а)  The  subcallosal  gyrus  (gyrus  subcallosus;  peduncle  of  the  corpus  callosum)  is 
a  narrow  lamina  on  the  medial  surface  of  the  hemisphere  in  front  of  the  lamina 
terminalis,  behind  the  parolfactory  area,  and  below  the  rostrum  of  the  corpus 
callosum.  It  is  continuous  around  the  genu  of  the  corpus  callosum  with  the  supra¬ 
callosal  gyrus. 

(б)  The  supracallosal  gyrus  (indusium  griseum;  gyrus  epicallosus)  consists  of  a 
thin  layer  of  gray  substance  in  contact  with  the  upper  surface  of  the  corpus 
callosum  and  continuous  laterally  with  the  gray  substance  of  the  cingulate  gyrus. 
It  contains  two  longitudinally  directed  strands  of  fibers  termed  respectively  the 
medial  and  lateral  longitudinal  striae.  The  supracallosal  gyrus  is  prolonged  around 
the  splenium  of  the  corpus  callosum  as  a  delicate  lamina,  the  fasciola  cinerea, 
which  is  continuous  below  with  the  fascia  dentata  hippocampi. 

(c)  The  fascia  dentata  hippocampi  (gyrus  dentalus)  is  a  narrow  band  extending 
downward  and  forward  above  the  hippocampal  gyrus  but  separated  from  it  by 
the  hippocampal  fissure;  its  free  margin  is  notched  and  overlapped  by  the  fimbria 
—the  fimbriodentate  fissure  intervening.  Anteriorly  it  is  continued  into  the  notch 
of  the  uncus,  where  it  forms  a  sharp  bend  and  is  then  prolonged  as  a  delicate  band, 
the  band  of  Giacomini,  over  the  uncus,  on  the  lateral  surface  of  which  it  is  lost. 

The  remaining  parts  of  the  rhinencephalon,  viz.,  the  septum  pellucidum,  fornix, 
and  hippocampus,  will  be  described  in  connection  with  the  lateral  ventricle. 

Interior  of  the  Cerebral  Hemispheres. — If  the  upper  part  of  either  hemisphere  be 
removed,  at  a  level  about  1.25  cm.  above  the  corpus  callosum,  the  central  white  sub¬ 
stance  will  be  exposed  as  an  oval-shaped  area,  the  centrum  ovale  minus,  surrounded 
by  a  narrow  convoluted  margin  of  gray  substance,  and  studded  with  numerous 
minute  red  dots  (puncta  vasculosa),  produced  by  the  escape  of  blood  from  divided 
bloodvessels.  If  the  remaining  portions  of  the  hemispheres  be  slightly  drawn  apart 
abroad  band  of  white  substance,  the  corpus  callosum,  will  be  observed,  connecting 
them  at  the  bottom  of  the  longitudinal  fissure;  the  margins  of  the  hemispheres 
which  overlap  the  corpus  callosum  are  called  the  labia  cerebri.  Each  labrium  is 
53 
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part  of  tJ-.fr  cingulate  Ryrus  already  described;  and  the  slit-like  interval 'lieweji 
it  and  the  upper  surface  of  the  corpus  callosum  is  tercohd  the  callosal  fissure  Fi? 
74.?};  if  t|te  trentjs'phW'Us  be  sliced  off  to  a  level  with  the  upper  surface  «f  the  sw-pas; 
callosum;  the  vrjdtc  suf>s*..ynce  iff.  that  structure  will  he  seen  connecting  the  m- 
hettdspheres.  The  large  expanse  of  snedullary  matter  now  exposed,  8tirrofiBded% 
the  eptty  pluted  mitt-gin  of  gray  substance,  is  called  the  centram  of  ate  fflafs*, 

The  Cotpue  Catiosupi  ( F>g.  75 Vi  vs  the  great  transverse  commissure  which  oat*, 
the  -ccndviral'  hemispheres  and  tools-, in  the  lateral  ventricle?.  A  good  e<roiejfjiiiis 
of  iis  -position  and  $hv.  is  obtained  by  examining  a  rntaikn  sagittal  »*.-ti<.r>  » 

briiin  {  Figv  F3Sj;  when  if  iti  seen  to  form  an  arched  structure  about  Id  .cm  teg 


Its  anterior  end  is.  about  4-  ern.  from  the  frontal  pole,  and  its  posterior  rod  skint 
6  cm.  from  tile  occipital  pole  of  the  hemisphere. 
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The  anterior  end  jit  nfinved  the  genu,  and  is  bent  downward  axid  backward  in  front 
of  the  septum  pelhuidum:  diujutishmg  rapidly Fnl  hickness,  tt  is  prolonged;  hm-knard 
under  the  name  of  tlie  rostrum,  which  is  connected  below  with  t  he  lamina 
The  antetiot  cerebral  arteries  are  in  contact  with  the  under  surface  of  iherostran;: 
they  then  arch  over  the  front  pf  the  getmVund  are  carried  backward  above  the  lx*iy 
of  the  corpus  callosunr. 

The  posterior  end  is  termed  t  he  spiemtan  and  ccinsfi^Uies  the,  thickest  part  of  the 
corpus  Callosum.  It  overlaps  the  tela  chorkudeu;  of  the  tliirtl  ventricle  and -Ik 
ujid-lfetifi.  arid  ends  in  «  ttiitfk,  tester#,  .fffee  sagittal  section  of 
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(be  spleen  tun  shows  that  the  posterior  end  of  thtv  corpus  callosum  is  itcutrijybem 
forward,  the  ,uj>per  and  lower  parts  Wing  applied  to  eacliothtr^ 

The  superior  stuiace  is  earn  ex  fnim  before  backward,  and  is  about  2,5  «%  wide. 
Its  medial  part  forms  the  bottom  of  the  longitudinal  fissure,  and,  is  ux  contact 
posteriorly-  with  'the  lower' border  of  the  falx  cerebri s  Laterally  it  is  .overlapped  by 
the  cingulate  gyr'iis,  but  is  sepanued  from  it  by  the  sUb-like  callosal  fissure.  It  is 
traversed /fey  numerous  .transverse  ridges  and  i  arrows,  and  is  covered  by  a  thin 
layer  of  gray  matter,  the  auprae&Udsai  jryrus,  which  exhibits  o«  either  ride  erf  the 
middle  tine  the  medial  anti  lateral  longitudinal  stria1,  Already-  described  tpagcK&T). 

The  inferior  surface  is  concave,  and  forms  on  either  side  of  the  middle  line  the 
roof  oi  the  lateral  ycntriyle  Metlialiy,  this  surface  iVuttachedintront  to  the 
septum  pdlucidum:  behind  this  it  is  fused  with  the  upper  stirfsuve  of  the  'body 
of  the  fornix,  while  the  spleniunvis  in -contact  with  the  tela  rfeuribidea. 

On  either  side,  the  fibers  of  the  corpus  callosum  radiate  in  the  white  .Mibrim.ee 
and  pass  to  the  various  parts  of  the  cerebral  cortex ;  those  curving  forward;  from  the 
genu  intot&lwihtiiriobe/jonstltutt1  the  forceps  anterior,  and  those  ciiH? tig  bturkward 
intjf  the  occipital  lobe,  the  forceps  posterior.  Between  these  two  parts  is  the;.  Out® 
hf'dy  of  the  fibers  which  constitute  the  tapetum  ami  extend  laterally  -m  either  side 
into  the  temporal  lobe,  and  cover  in  the  central  part  of  the  lateral  ventricle. 


x  ■ 

Fcmiikotninrlt 

Ftti>  showing  relations  pf  liip  y^tVfricl^  fio  the.  .«ur.f  a&y  of  ihc  brain. 

The  Lateral  Ventricles  (ventrical as  lateralis )  (  Fig.  752). — The  two  lateral  ventricles 
are  irregular  cavities  situated  in  the  lower  and  medial  parts  of  the  cerebral  hemi¬ 
spheres  .  one  OP  either  side  of  tjwv  middle  line.  They  arc  separated  from  each  ot  her 
by  a  median  vertical  partition,  the  septum  pellucidum,  britriH5uatBfiiit/a.te  tvith'/the 
third  ventricle  and.  indirectly  with  each  other  through  the  intereeuiricular  fisrasien. 
They  are  lined  l>ya  thin,  diaphanous  membrane,-  the.  ependyma, .-covered  by  ciliated 
epithclhira,  and  contain  t«?rehrospia«l  fluid,  which,  even  iti  iiCidVb/tnuy  bh secreted 
>i»  consulertdde  amount.  luteal  ventricle  consists  of  w  central  part  or  body, 

and  three  prolongations; from  it:  termed  cornua  'Tigs.  75fi.?5d). 

Tine  central  part  (fxtrs  e&Mmlis  mihv-nU  laU-rnlh;  cclhi)  (Fig  755  )  of  the  lateral 
ventricle  extends  from  the  interveptricular  foramen  to  the  spleabirn  of  the  corpus 
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callosum.  It  is  an  irregularly  curved  cavity,  triangular  on  transverse  section, 
with  a  roof,  a  floor,  and  a  media!  wall.  The  roof  s'*  formed  by  t  he  under  surface  •>{• 
the  corpus  callosum ;  the  floor  by  thy  following  parts,  enumerated in  tlic-ir order  of 
position,  from  before  backward:  the  caudate  nucleus  of  the  corpus  striatum,  the 
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stria  t.erroiiuuis  and  the  terminal  vein,  the  lateral  portion  of  the  upper  .-surface  nf 
the  thalamus,  the  choroid  plexus,  and  the  lateral  part  of  tlu-  fornixythe  medial 
Wall  is  the  posterior  part  of  the  .septum  pelliKiditt’o  which  separates  it  from  die 
opposite  ventricle:  1  p  ’■  PP • 
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nucieus/  iv$:  Hoot] is  iorm&l  hy':;f)ic  •  tipper  the  reflected  portion  ol  the 
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corpus  callosum,  the  rostrum.  It  is  bounded  medially  by  the  anterior  portion 
of  the  septum  pellucidum,  and  laterally  by  the  head  of  the  caudate  nucleus.  Its 
apex  reaches  the  posterior  surface  of  the  genu  of  the  corpus  callosum. 

The  posterior  cornu  (cornu  posterius;  postcornu)  (Figs.  755,  756)  passes  into  the 
occipital  lobe,  its  direction  being  backward  and  lateralward,  and  then  medial  ward. 
Its  roof  is  formed  by  the  fibers  of  the  corpus  callosum  passing  to  the  temporal  and 
occipital  lobes.  On  its  medial  wall  is  a  longitudinal  eminence,  the  c&lc&r  avis 
{hippocampus  minor),  which  is  an  involution  of  the  ventricular  wall  produced  by 
the  calcarine  fissure.  Above  this  the  forceps  posterior  of  the  corpus  callosum, 
sweeping  around  to  enter  the  occipital  lobe,  causes  another  projection,  termed  the 
bulb  of  the  posterior  cornu.  The  calcar  avis  and  bulb  of  the  posterior  cornu  are 
extremely  variable  in  their  degree  of  development;  in  some  cases  they  are  ill- 
defined,  in  others  prominent. 


Fio.  7 oj>. — Central  part  anil  anterior  and  posterior  cornua  of  lateral  ventricles  exposed  from  above. 


The  inferior  cornu  (cornu  inferior;  descending  horn ;  middle  horn;  medicornu)  (Fig. 
757),  the  largest  of  the  three,  traverses  the  temporal  lobe  of  the  brain,  forming 
in  its  course  a  curve  around  the  posterior  end  of  the  thalamus.  It  passes  at  first 
backward,  lateralward,  and  downward,  and  then  curv  es  forward  to  within  2.5  cm. 
of  the  apex  of  the  temporal  lobe,  its  direction  being  fairly  well  indicated  on  the 
surface  of  the  brain  by  that  of  the  superior  temporal  sulcus.  Its  roof  is  formed 
chiefly  by  the  inferior  surface  of  the  tapetum  of  the  corpus  callosum,  but  the  tail 
of  the  caudate  nucleus  arid  the  stria  terrnimilis  also  extend  forward  in  the  roof  of 
the  inferior  cornu  to  its  extremity ;  the  tail  of  the  caudate  nucleus  joins  the 
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putanven'.  Its  floor  presents  the  following  parts;  the  hippocampus,  the  fimbria 

bippooHtopi,  the  collateral  eminence,  add  the  choroid  plexus*  When  the 
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choroid  plexus  iy  remove*!;/#  eU’ftdike  opening  is  left  along  thg  medial  wail  of 
the  .Inferior  cornu;  this  cleft  ennstitiftes  the  lower  port  of  the  choroidal  figure* 
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The  hippocampus  f’hipi'iocam/iun  major)  (Figs.  75T,  75*‘!  is  a  .curved  wainenre* 
about  o  cm.  longvoyhieh  extends  throughout  the  entire  length  of  the  floor  t>f  the 
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inferior  cornu.  Its*  lower  en*)  t*  enlarge*!,  and  presents  two  or  three  .rounded  eieva- 
lions  or  digitations  which  give  it  a  paw-like  appearance,  and  hence  it  is  named 
the  pea  hippocampi.  If  a  t  nuic  vcrse  section  he  made  through  the  hippocampus, 
it  will  be  seen  that  this  eminence  is  produced  by  the  folding  of  the  wall  of  the 
hemisphere  to  fpim  the  hippocampal  fissure,  The  main  mass  &f  the  Mppoearopus  Jo, 
consists  of  gray  substance,  hut  on  its  ventricular  surface  is  *  thin  white  layer, 
the  alveus,  which  is  cpntitiuo^s  With  the  fimbria  htmjocaptpt- 
.The  collateral  aminaaeo  [f  nimvntui  coUfiiemlix)  (Fig,  73$j  is  an  "elongated 
swelling  lying  lateral  to  and  parallel  with  the  hippocampus.  It  corresponds  with 
the  middle  part  of  the  collateral  fissttra,  and  its  size  depends  on  the  depth  and 
direction  -of- this 'fissure.  It  is  continuous  behind  with  a  fiatteiMsil  triangular  area, 
the  trigonum  collaterale,  situated  between  the  posterior  and  inferior  cornua. 

The  fimbria  hippocampi  is  a  continuation  of  the  crus  of  the  fornix,  and  will  be 
discussed  with  that  body;  a  description  of  the  choroid  plexus  will  be  found  on 
page  8*10. 
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The  corpus  siriafcws  has  received  its  name  from  the  striped  appearance  which 
*  section  of  its  nhieripr  part  presents  in  consequence  of  diverging  white  fibers 
bring  mixed  with  the  gray  subsnfeuee  which  forms  its  chief  mass.  A  part  the 
corpus,  striatum  «  itobmded In  the  white  substance of  the  hemisphere,  and  is 
therefore  externa!  to  the  ‘.ventricle:-  it  is,  termed  the  eatrar*nMcal»r  portion,  or  the 
lentiform  nucleus;  the- remainder,  however,  projects  into  the  ventricle,,  and  is  named 

tifift  inriro«r*nH>jrnilvi»  tvrtrtfArt  r  :>  dr!  t*f.y,  'thin/iliAKt  f  t'/jy  '/Ovl  i. 


the  intraventricular  portion,  or  the  caodafe  saefeoa  (1  _ 

The  caudate  bocl«u*  in.ncleu?eauifatu*j  cfiuda(um)  (Figs.  759,  760}  is  a  pewr-stmped, 
highly  arched  gray  mass;  Its  broad  extremity,  or  bead,  is  directed  forward  into  the 
&iipTt<*r  cornu  of  t  lie  lateral  ventricle*  and  is  continuous  with  the  interior  perforated 
-uiotaru'e  and  with  the  anterior  end  of  the  lenliform  nucleus-.-  its  -narrow  end, 
or  tail,  is  directed  backward  on  the  lateral  -side  of  the  thalamus,  from  w  hich  it  is 
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sepattfied  bj  the  stria  terroinahs  and  the  tertuirsaJ  vein.  Ft  is  then  mirmy?<j 
downward  into  the  roof  of  the  inferior  corau,  and  ends  in  theputamen  near .the 


ape*  of  tijie  tataporal  lobe,  It  ia  eovered  %  the  Koing  d?  the  ventricle,,  and  crostfir 
by  some  veins  of  considerable  size  It  is  separated  from  the  lentiform  !imc!w, 
i ft  the  greater  part  of  its  extent ,  is# &  thfek  kmiha  6f  whi te  su bsknce,  calk}  ife 
internal  capsule,  but  the  two  portions  of  the  corpus  striatum  are  united  ia  in*; 
(Figs.  7'il,  7*>2 ) . 
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a  veDowish  tint 


v  Tali  threeareniarlced  fiy 
fine  radiating  white  fibers,  which  are  most  distinct  in  the  putamen  (Fig.  702). 

The  gray  substam-e  of  the  corpus  striatum  is  traversed  by  nerve  fibers,  some 
of  which  originate  in  it.  The  cells  are  ih«hi{M>Sar,  both  large  and  small;  those  of 
the  dentiform  nucleus  contain  yellow  pigment.  The  caudate  and  lentifnrm  nuclei 
•re  not  oqly  directly  continuous  with  each  other  anteriorly,  but  are  connected  to 
each  Other  b,y  numerous  fiheRi/  'Ilte  corpus  striatutn  is  also  connected :  (1)  to  the 
cerebral  cortex,  hy  Avhat  fttfi  termed  the  eorticoatriate  fibers;  (2)  to  the  thalamus, 
by  fibers  which' T&ssthrbhgh the  internal  capsule,  and  by  a  strand  named  the 
sas&  lestUonais;  (3)  to  the  cerebral  peduncle,  hy  fibers  which  leave  the  lower 
aspect  of  the  caudate  and  lentiform  nuclei. 
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The  datictrum  (Figs!  700,  7i*2)  is  a- thin  layer  of  gray  suksowce,  situated  on  the 
lateral  surface  of  the  external  capsule.  Its  transverse  seetioti  is  triangular, with 
the  apex  directed  upward*-  Its  medial  surface,  contiguous  to  the  external  capsule, 
is  smooth,  but  its  hiteral  surface  presents  ridges  ami  furrows  corresponding-' with 
thegyri  andstdciof  tfo  insUla,  with  whieh1it^^h,^lc^Telft£uiifiaht'p.  Thcf  ciaustcuttn 
is  regarded  as  ft  detached  portion  of  the  gray  atibvtrj.nce  of  the ‘ii/sula,  from  which 
it  U  .separfitCi'l  hy  «  layered  white.  fibers,  the  eapsula  extrema  ibo  W  c<f  . 

Its  cells  arc  small  and  spin; lie-shaped,  and  contain  yellow  pigment :  they  are  similar 
to  those  of  the  deepest,  layer  of  thc  eortex  . 

The  nucleus  amygdalae  ;<jf.^t/afo;KFig.  ' 
lower  end  of  the  roof  of  the  inferior  cornu. 
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gray  cortex,  'Continuous  with  that  of  the  uncus;  in  frpnt  it  is  cohtmuous  with  tiif 
•pufamen,.  behind  with  the  stria  terminalis  mid  the  tail  of  the  cawhite  nutioio 
.  The  internal capsule  (capsula  intern  a)  (Pigs,  7tH>  is  a  ■  flattened  band  of  whit* 

fibers,  between  the  lentiform  nucleus  on  the,  lateral  side  and  the  caudate  nucleus 
arul  thalamus  on  the  medial  side.  I«  horizontal  section.  (Figs.  TfiOt  jt;  is  seen  n>  )»t 
somewhat  ftbrijptjy  furveth  with  its  convexity  mwarr)  ;  the  prominence  of  the  curve 
is  called  the  getsa,  and  projects  between  the  {faal»nm.> 

The  portion  in  front  of  ih.fr genu  is  termed  the frontal  part,  and  separates  tb<-  ler- 
tiform  from  the  emtdatc  nucleus:  the  portion  behind  thfjgeou  i  -.  the  oodpitti-pait. 
ami  separates  the  dentiform  nucleus  from  the  thalamus. 
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T he  frontal  pnft  of  the  internal  capsule  contains:  if!  fibers  running,  from 'the 
thidanVji;  to  the  frontal  lobe;  (2)  filters  connecting  the  letuiforrn  and  oainfct!- 
nuclei;  (3  i  fibers  connecting  the  cortex  with  the  corpus  striatum;  and  i4<  fiber 
passing  front  the  frontal  lobe  through  the  medial  fifth  of  the  base  of  t he  raTehnd 
pcflum-Je  to  tlic- nuclei  pontis.  ;  The  fibers  ip  t|t«?  K-gioti  rtf  the  genu  an;  nasiM 


the  geniculate  fibers ;  they  originate  in.  the  niptbr  part  of  the  cerebral  cortex,  and, 
after  passing  downward  through  t  he  base  of  the  cerebnd  peduncle  w  ith  the  eeretufr 
spinal  fibers,  undergo  decussation  and  end  in  the  motor  nuclei  pf  she  craiml 
nerves  of  the  opposite  side.  Thtcant9ri^.t^t^irds''^.th#^l{^arpnrt..«f'^e 
iflterrihl  t«pr,xi(e  eontaifis  the cer»btt»piji&l  fibersp  ^hicb  . arise  in  the  motor  area 
of  tbie  cerebtai  cortex  uiul,  parsing  downward  through  the*  middle  three-fifths  of 
the  base  of  the  cerebral  peduncle,  are  continued  into  the  pyramids  of  the  medulla 
oblongata.  The  posterior  third  of  the  occipital  part  contains  ( i )  sensory  fiber-, 
largely  derived  from  the  thalamus,  though  some  may  be  continued  upward  (rm 
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the  medial  lemniscus;  (2)  the  fibers  of  optic  radiation,  froto  the  lower  visual 
£  the  cortex  of  the  occipital  lobe;  (3)  acoustic  fibers,  front  the  lateral  lempteeu*  to. 
the  lemjxirai  lobe;  and  id)  fillers  which  jiass  from  the  occipital  and  temporal  lobes 


to  the  nuclei  punlis. 

The  fibers  of  the  internal  capsule  radiate  widely  as  they  pass  to  and  -from  the 
virions  parts  of  the  cerebral  cortex,  forming,  the  corona  radiata  (Ft!?,  71%),  and 

httermirietiHg  with  the  fibers  of  the  corpus  :?! 

The  external  capsule  (c</ji.W<»  externa)  (Fig. 700)  is.a  lamina  pt  whltb  Substance, 
situated  lateral  to  the  dentiform  nucleus,  between  it  and  the  claustrum,  and  con¬ 
tinuous  vith  the  internal  capsule  below  and  behind  the  icotiforcn  nucleus,  it 
probably  contains  fibers  derived  from  tbe  thalamus,  the  anterior  commissure,  and 
the  subthalamic  region. 


i:  luM 


F/o  76,1— DiB»r;lit)G  the  b»>irid  of  the  tic'll; roppinni \6b«nsV:.  ;,<E.  R- jAnijurion  j 

The  substantia  of  Meyn&rt  is  a  stratum  consisting  partly  of  gray  and 

partly  of  white  substance,  ■  which  ties  below  the  anterior  part. 'of  the  thalamus 
and  lentiform  nucleus.  ft  consists  vf  three  layers/ ^uiferii.irj  middle,  and  inferior. 
The  .w]*rrior  layer  is  named  the  ansa  lentiformis,  and  its  fibers,  derived .  from,  the 
raeduHary  lamina  of  the  tahpfonrt  nucleus,  pass  medially  to  end  in  the  thaiaimis 
and  , subthalamic  region,  while  trther^ftre  said  to  end  in .  the  tegmentxim  arid  red 
nucleus-  The  middle  layer  Consists  of  nerVe  cells  Ami  nerve  fibers,  fibers  enter  it 
iron/  the  parietaMobe  through  the  external  capsules  while. others  are  said,  m  eon- 
nwi  it  with  the  medial! ' longitudinal’  fasciculus.  The  inferior  layer  forms  the  main 
part  of  the  inferior  stalk  of  the  thatamUs,  And  connects  this  tody  with  the  temporal 
Mv  and  the  insula. 

The  stria  terminalis  {taniii  xw/ijfvreultirtib  Is  %'  tuirriM  lkthd  white  substanee 
•coated  in  the  depression  between  the  caudate  imekns  *kkI  the  tliftfatnu*,  'Ante-. 
Horlv  f  its  fibers  are  partly  cont  in  tied  into  the  column  of  the  forid>; ;  some,  however, 
{$  >s  over  the  anterior  commissure  to.  the  gray  substance  .between  •  the '  caudate 


NEUROLOGY 


nucleus  and  septum  pellucidum,  while  others  are  said  to  enter  the  caudate  nucleus. 
Posteriorly,  it  is  continued  into  the  roof  of  the  inferior  cornu  of  the  lateral  ventricle, 
at  the  extremity  of  which  it  enters  the  nucleus  amygdalae.  Superficial  to  it  is  a 
large  vein,  the  terminal  vein  (vein  of  the  corpus  striatum ),  which  receives  numerous- 
tributaries  from  the  corpus  striatum  and  thalamus;  it  runs  forward  to  the  inter¬ 
ventricular  foramen  and  there  joins  with  the  vein  of  the  choroid  plexus  to  form 

the  corresponding  interna)  cerebral 
Tt'X  ve*n-  the  surface  of  the  ter- 

s'  a  P\  j  J  \  \  ininal  vein  is  a  narrow  white  bad, 
s*  \  \  J  named  the  lamina  affixa. 

thaiamo"  (  V  \_J/  The  Fornix  (Figs.  738,  705,  7d) 

r"T«ZcTN<  h  It  V  I  a  longitudinal,  arch~shape<i  lam- 

I  e^a  wkite  substance,  situated 
(  /  /  below  the  corpus  callosum,  ad 


GCNICULATC 

portion  or 
.MOTOR  TRACT 

(ron  muscles' 
or  tacc  ano 
tongue) 


hemisphere.  The  two  portions  are 
not  united  to  each  other  in  front 
and  behind,  but  their  central  pam 
are  joined  together  in  the  middle 
line.  The  anterior  parts  are  called 
the  columns  of  the  fornix;  the  inter¬ 
mediate  united  portions,  the  body, 
and  the  posterior  parts,  the  crura. 
The  body  (corpus  fontim)  of  the 
fornix  is  triangular,  narrow  in  front, 
and  broad  behind.  The  medial  pan 
of  its  upper  surface  is  connected  to 
the  septum  pellucidum  in  front  and 
to  the  corpus  callosum  behind.  The 
lateral  portion  of  this  surface  forms 
part  of  the  floor  of  the  lateral  ven¬ 
tricle,  and  is  covered  by  the  ven¬ 
tricular  epithelium.  Its  lateral  edge 
overlaps  the  choroid  plexus,  and  is 
continuous  with  the  epithelial  cov¬ 
ering  of  this  structure.  The  under 
surface  rests  upon  the  tela  ehori- 
oidea  of  the  third  ventricle,  which 
separates  it  from  the  epithelial  roof 
of  that  cavity,  and  from  the  medial 
portions  of  the  upper  surfaces  of  the 
thalami.  Below,  the  lateral  portions 
of  the  body  of  the  fornix  are  joined 
by  a  thin  triangular  lamina,  named  the  psalterium  (< iyra )*  This  lamina  contains 
some  transverse  fibers  which  connect  the  two  hippocampi  across  the  middle  line 
and  constitute  the  hippocampal  commissure.  Between  the  psalterium  and  the  eorpu> 
callosum  a  horizontal  cleft,  the  so-called  ventricle  of  the  fornix  (ventricle  of  Verge  , 
is  sometimes  found. 

The  columns  (columna  fornicis;  anterior  pillars;  fomicolumns)  of  the  fornix  arch 
downward  in  front  of  the  interventricular  foramen  and  behind  the  anterior  eommis- 


Fi  J  7(U — ■Diagram  of  the  tract*  in  the  interna!  eap«ule 
Motor  tract  red  The  sensory  tract  (blue)  is  not  direct,  hut 
formed  of  neurons  receiving  impulses  from  below  in  the  thala¬ 
mus  and  transmitting  them  to  the  cortex.  The  optic  radiation 
(occipitotbalamic)  is  shown  in  violet- 
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sure,  and  each  descends  through  the  gray  substance  in  the  lateral  wall  of  the  third 
ventricle  to  the  base  of  the  brain,  where  it  ends  in  the  corpus  mammillare.  From 
the  cells  of  the  corpus  mammillare  the  thalamomammillary  fasciculus  ( bundle  of  Vicq 


FfMBFflA 


Fio.  7&5. — Diagram  of  the  fornix.  (Spitaka.l 


Canity  of  septum  pdl&cidum 

CpUr  thmzrm 


l4c  wfte 


TrzJjer  cimraim 


iThitunattaria 


Oof# m 

\vntfTr*nrfact) 

ft/nbria 

hippocampi 


-The  fornix  and  corpus  callosum  from  below.  ^  (From  a  specimen  in  the  Department  of  Human 
Anatomy  of  the  University  of  Oxford.) 


d'Azyr)  takes  origin  and  is  prolonged  into  the  anterior  nucleus  of  the  thalamus. 
The  column  of  the  fornix  and  the  thatamotnam  mil  lary  fasciculus  together  form  a  loop 
resembling  the  figure  8,  but  the  continuity  of  the  loop  is  broken  in  the  corpus 
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mammillare.  The  column  of  the  fornix  is  joined  by  the  stria  medullaris  of  the  pineal 
body  and  by  the  superficial  fibers  of  the  stria  terminalis,  and  is  said  to  receive 
also  fibers  from  the  septum  pellucidum.  Zuckerkandl  describes  an  olfactory  fascic¬ 
ulus  which  becomes  detached  from  the  main  portion  of  the  column  of  the  fornix, 
and  passes  downward  in  front  of  the  anterior  commissure  to  the  base  of  the  brain, 
where  it  divides  into  two  bundles,  one  joining  the  medial  stria  of  the  olfactory 
tract;  the  other  joins  the  subcallosal  gyrus,  and  through  it  reaches  the  hippocampal 
gyrus. 

The  crura  ( crus  fomicis;  posterior  pillars)  of  the  fornix  are  prolonged  backward 
from  the  body.  They  are  flattened  bands,  and  at  their  commencement  are  inti¬ 
mately  connected  with  the  under  surface  of  the  corpus  callosum.  Diverging  from 
one  another,  each  curves  around  the  posterior  end  of  the  thalamus,  and  passes 
downward  and  forward  into  the  inferior  cornu  of  the  lateral  ventricle  (Fig.  768). 
Here  it  lies  along  the  concavity  of  the  hippocampus,  on  the  surface  of  which  some 
of  its  fibers  are  spread  out  to  form  the  alveus,  while  the  remainder  are  continued 
as  a  narrow  white  band,  the  fimbria  hippocampi,  which  is  prolonged  into  the  uncus 
of  the  hippocampal  gyrus.  The  inner  edge  of  the  fimbria  overlaps  the  fascia 
dentata  hippocampi  {dentate  gyrus)  (page  833),  from  which  it  is  separated  by  the 
fimbriodentate  fissure ;  from  its  lateral  margin,  w  hich  is  thin  and  ragged,  the  ventric¬ 
ular  epithelium  is  reflected  over  the  choroid  plexus  as  the  latter  projects  into  the 
chorioidal  fissure. 

Interventricular  Foramen  ( foramen  of  Monro). — Between  the  columns  of  the  fornix 
and  the  anterior  ends  of  the  thalami,  an  oval  aperture  is  present  on  either  side: 
this  is  the  interventricular  foramen,  and  through  it  the  lateral  ventricles  communi¬ 
cate  writh  the  third  ventricle.  Behind  the  epithelial  lining  of  the  foramen  the  choroid 
plexuses  of  the  lateral  ventricles  are  joined  across  the  middle  line. 

The  Anterior  Commissure  {precommissure)  is  a  bundle  of  w  hite  fibers,  connecting 
the  two  cerebral  hemispheres  across  the  middle  line,  and  placed  in  front  of  the 
columns  of  the  fornix.  On  sagittal  section  it  is  oval  in  shape,  its  long  diameter 
being  vertical  and  measuring  about  5  mm.  Its  fibers  can  be  traced  lateralward 
and  backward  on  either  side  beneath  the  corpus  striatum  into  the  substance  of 
the  temporal  lobe.  It  serves  in  this  way  to  connect  the  two  temporal  lobes,  but 
it  also  contains  decussating  fibers  from  the  olfactory  tracts. 

The  Septum  Pellucidum  {septum  lucidum)  (Fig.  738)  is  a  thin,  vertically  placed 
partition  consisting  of  two  laminae,  separated  in  the  greater  part  of  their  extent 
by  a  narrow  chink  or  interval,  the  cavity  of  the  septum  pellucidum.  It  is  attached, 
above,  to  the  under  surface  of  the  corpus  callosum;  below,  to  the  anterior  part  of 
the  fornix  behind,  and  the  reflected  portion  of  the  corpus  callosum  in  front.  It  is 
triangular  in  form,  broad  in  front  and  narrow  behind;  its  inferior  angle  corre¬ 
sponds  with  the  upper  part  of  the  anterior  commissure.  The  lateral  surface  of  each 
lamina  is  directed  toward  the  body  and  anterior  cornu  of  the  lateral  ventricle, 
and  is  covered  by  the  ependyma  of  that  cavity. 

The  cavity  of  the  septum  pellucidum  {cavum  septi  pelluddi;  pseudocele ;  fifth 
ventricle)  is  generally  regarded  as  part  of  the  longitudinal  cerebral  fissure,  which 
has  become  shut  off  by  the  union  of  the  hemispheres  in  the  formation  of  the  corpus 
callosum  above  and  the  fornix  below.  Each  half  of  the  septum  therefore  forms 
part  of  the  medial  wall  of  the  hemisphere,  and  consists  of  a  medial  layer  of  gray 
substance,  derived  from  that  of  the  cortex,  and  a  lateral  layer  of  wyhite  substance 
continuous  wyith  that  of  the  cerebral  hemispheres.  This  cavity  is  not  developed 
from  the  cavity  of  the  cerebral  vesicles,  and  never  communicates  with  the  ventricles 
of  the  brain. 

The  Choroid  Plexus  of  the  Lateral  Ventricle  {plexus  chorioideus  ventriculus  later¬ 
alis;  paraplexus)  (Fig.  768)  is  a  highly  vascular,  fringe-like  process  of  pia  mater, 
which  projects  into  the  ventricular  cavity.  The  plexus,  however,  is  everywhere 
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covered  by  a  layer  of  epithelium  continuous  with  the  epithelial  lining  of  the 
ventricle.  It  extends  from  the  interventricular  foramen,  where  it  is  joined 
with  the  plexus  of  the  opposite  ventricle,  to  the  end  of  the  inferior  cornu.  The 
part  in  relation  to  the  body  of  the  ventricle  forms  the  vascular  fringed  margin 
of  a  triangular  process  of  pia  mater,  named  the  tela  chorioidea  of  the  third 
ventricle,  and  projects  from  under  cover  of  the  lateral  edge  of  the  fornix.  It 
lies  upon  the  upper  surface  of  the  thalamus,  from  which  the  epithelium  is  reflected 
over  the  plexus  on  to  the  edge  of  the  fornix  (Fig.  741).  The  portion  in  relation 
to  the  inferior  cornu  lies  in  the  concavity  of  the  hippocampus  and  overlaps  the 
fimbria  hippocampi :  from  the  lateral  edge  of  the  fimbria  the  epithelium  is  reflected 
over  the  plexus  on  to  the  roof  of  the  cornu  (Fig.  767).  It  consists  of  minute  and 
highly  vascular  villous  processes,  each  with  an  afferent  and  an  efferent  vessel.  The 
arteries  of  the  plexus  are:  (a)  the  anterior  choroidal,  a  branch  of  the  internal  carotid, 
which  enters  the  plexus  at  the  end  of  the  inferior  cornu;  and  (6)  the  posterior 
choroidal,  one  or  two  small  branches  of  the  posterior  cerebral,  which  pass  forward 
under  the  splenium.  The  veins  of  the  choroid  plexus  unite  to  form  a  tortuous  vein, 
which  courses  from  behind  forward  to  the  interventricular  foramen  and  there  joins 
with  the  terminal  vein  to  form  the  corresponding  internal  cerebral  vein. 


Tail  of  caudate  nucleus 


Choroid  plexus 

Epithelial  lining  of  ventricle 


Pia  mater 

Fimbria 
Fin&riodentate 
fissure 

Alveus 

Fascia  dentaia  , 
hippocampi 

Dentate  fissure' 

Fia.  767. — Coronal  section  of  inferior  horn  of  lateral  ventricle.  (Diagrammatic.) 


When  the  choroid  plexus  is  pulled  away,  the  continuity  between  its  epithelial 
covering  and  the  epithelial  lining  of  the  ventricle  is  severed,  and  a  cleft-like  space 
is  produced.  This  is  named  the  choroidal  fissure;  like  the  plexus,  it  extends  from 
the  interventricular  foramen  to  the  end  of  the  inferior  cornu.  The  upper  part  of 
the  fissure,  i.  e.,  the  part  nearest  the  interventricular  foramen  is  situated  between 
the  lateral  edge  of  the  fornix  and  the  upper  surface  of  the  thalamus;  farther  back 
at  the  beginning  of  the  inferior  cornu  it  is  between  the  commencement  of  the  fim¬ 
bria  hippocampi  and  the  posterior  end  of  the  thalamus,  while  in  the  inferior  cornu  it 
lies  between  the  fimbria  in  the  floor  and  the  stria  terminalis  in  the  roof  of  the  cornu. 

The  tela  chorioidea  of  the  third  ventricle  ( tela  chorioidea  ventriculi  tertii;  velum 
interpositum )  (Fig.  768)  is  a  double  fold  of  pia  mater,  triangular  in  shape,  which 
lies  beneath  the  fornix.  The  lateral  portions  of  its  lower  surface  rest  upon  the 
thalami,  while  its  medial  portion  is  in  contact  with  the  epithelial  roof  of  the  third 
ventricle.  Its  apex  is  situated  at  the  interventricular  foramen ;  its  base  corresponds 
with  the  splenium  of  the  corpus  callosum,  and  occupies  the  interval  between  that 
structure  above  and  the  corpora  quadrigemina  and  pineal  body  below.  This 


xmmmoz 


interval,  io^ether  with  the  lower  p6rtk*m.*>t  the  ehomdat fissures,-  k  someti&ies 
spnkeri  of  as  the  transverse  ftesa ra  of  the  brain.  At  its  base  the  two  layers  of  ih< 

otfety &i*d -.are with  the  pi'a  .muter  inwi?^ 
Its  lateral  margins  are  medified  to  form  the  highly 
he  lateral  Ventricles.  If  h>  supplied  by  the  anterior  aid. 


the  brain  3n  tin*  regton- 


posterior  eharoivjal. arteries  already  described.  The  veins  of  the  tek  ehorioideH  m 
nameil  tins  internal  cerebral  veins  Galrid);  they  art  ^T/hrniunhcr,  and  rati 

backward  between  its  layers,  each  being  formed  at  the  interventricular  foramen  l«v 
the  union  v't  the  remind!  vein  vvirh  the  choroidal  vein.  Xhe  interrm!  <vrehm! 
veins  oiijte posteriorly  in  a  single  tniuk,  tin* grra&fccerebr&l  vein  Ueria  matfia/kUd\t 
whMi  passes  haekwtal  b^o>^t)yl-he*H]fdeidum  and  ends  in  the  straight  dittos. 


•T«da  •'honoxdfrri  nf  th*  third  vtmtrniiej  tiwi  tho  choroid  plfctu*  of  (.tit*  left  Wtertd  vfeatnd**,  xivami 


from  above* 


Structure  of  the  Cerebral  Hemispheres,  The  eerebrai  bwiispheres  are  ctJtfifK^ed 
of  gray  and  .white  ;nibMH/n  e  the  former  ♦•overs  their  surface.  am!  ri  terni^l  tii'f 
pplfl^tthe  latter  titewipk**  tlwdtttrrior  of  the  benusphems- 
The  wbSt^  -i  fibers,  carving  *o  ske*  ocui  «rtWifti 

in  butidk*  sepuruted  li^:  dpunigj%r  They  may  be  $sVideth  •  ocftitoihjfi;  to  iter 
course  and  «*onneet;iotJN  into  three  district  ^*tems..  (!)  Projection  fibers  cuaneet 
the  hemisphere  with  the  lower jams  of  the  brain  and  with  the  medulla  spinal**.- 
(2)  Transverse  nr  cotninisaiiral  fibers  unite  the  two  hemispheres,  (d)  A saodsbofi 
fibers  oonraret  dirtVrvht  stnieturcis  in  the  same  hemisphere ;  these  are,  m  man/ 
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instances,  collateral  branches  of  the  projection  fibers,  but  others  are  the  axons 
of  imlependen  t  cells. 

1  The  projection  fibers  consist  of  efferent  and  afferent  fibers  uniting  the  cortex 
with  the  lower  parts  of  the  brain  and  with  the  medulla  spinalis.  The  principal 
efferent  strands  are:  (1)  the  motor  tract,  occupying  the  genu  and  anterior  two-thirds 
of  the  occipital  part  of  the  internal  capsule,  and  consisting  of  (a)  the  geniculate 
fibers,  which  decussate  and  end  in  the  motor  nuclei  of  the  cranial  nerves  of  the 
opposite  side;  and  (6)  the  cerebrospinal  fibers,  which  are  prolonged  through  the 
pyramid  of  the  medulla  oblongata  into  the  medulla  spinalis;  (2)  the  corticopontine 
fibers,  ending  in  the  nuclei  pontis.  The  chief  afferent  fibers  are;  (1)  those  of  the 
lemniscus  which  are  not  interrupted  it*  the  thalamus;  (2)  those  of  the  superior 
rerehellar  peduncle  which  are  not  interrupted  in  the  red  nucleus  and  thalamus; 
(3)  numerous  fibers  arising  within  the  thalamus,  and  passing  through  its  stalks 
to  the  different  parts  of  the  cortex  (page  Sift);  (4)  optic  and  acoustic  fibers,  the 
former  passing  to  the  occipital,  the  hitter  to  the  temporal  lobe. 

2,  The  transverse  or  commissural  fibers  connect  the  two  hemispheres.  They 
include:  (a)  the  transverse  fibers  of  the  corpus  callosum,  (6)  the  anterior  commissure, 
ia  the  posterior  commissure,  and  (d)  the  Lyra  or  hippocampal  commissure;  they 
have  already  been  described. 


F (r.  7(9 — Diagram  xhowirig  principal  yyxtem*  of  association  fiber*  in  tbe  cerebrum. 


3.  The  association  fibers  (Fig.  769}  unite  different  parts  of  the  same  hemi¬ 
sphere,  and  art1  of  two  kinds;  (1)  those  connecting  adjacent  gyri,  short  association 
fibers;  (2)  those  passing  between  more  distant  parts,  long  association  fibers. 

The  short  association  fibers  lie  immediately  beneath  the  gray  substance  of  the 
cortex  of  the  hemispheres,  and  connect  together  adjacent  gyri. 

The  long  association  fibers  include  the  following:  (a)  the  uncinate  fasciculus; 
(6)  the  cingulum;  (e)  the  superior  longitudinal  fasciculus;  (d)  the  inferior  longi¬ 
tudinal  fasciculus;  (e)  the  perpendicular  fasciculus;  (/)  the  occipitofrontal 
fasciculus;  and  (g)  the  fornix. 

(a)  The  uncinate  fasciculus  passes  across  the  bottom  of  the  lateral  fissure,  and 
unites  the  gyri  of  the  frontal  lobe  with  the  anterior  end  of  the  temporal  lobe. 

(b)  The  cingulum  is  a  band  of  white  matter  contained  within  the  cingulate 
gyms.  Beginning  in  front  at  the  anterior  perforated  substance,  it  passes  forward 
and  upward  parallel  with  the  rosttunl,  winds  around  the  genu,  runs  backward  above 
the  corpus  callosum,  turns  around  the  splemum,  and  ends  in  the  hippocampal  gyrus. 
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radiata;  its  fibers  radiate  in  a  fan-like  manner  and  pass  into  the  occipital  and  tem¬ 
poral  lobes  lateral  to  the  posterior  and  inferior  cornua.  D6jerine  regards  the  fibers 
of  the  tapetum  as  being  derived  from  this  fasciculus,  and  not  from  the  corpus 
callosum. 

(g)  The  fornix  connects  the  hippocampal  gyrus  with  the  corpus  mammillare 
and,  by  means  of  the  thalamomammillary  fasciculus,  with  the  thalamus  (see  page 
845).  Through  the  fibers  of  the  hippocampal  commissure  it  probably  also  unites 
the  opposite  hippocampal  gyri. 

The  gray  substance  of  the  hemisphere  is  divided  into:  (1)  that  of  the  cerebral 
cortex,  and  (2)  that  of  the  caudate  nucleus,  the  lentiform  nucleus,  the  claustrum, 
and  the  nucleus  amygdalae. 

Structure  of  the  Cerebral  Cortex  (Fig.  772). — The  cerebral  cortex  differs  in  thickness  and 
structure  in  different  parts  of  the  hemisphere.  It  is  thinner  in  the  occipital  region  than  in  the 
anterior  and  posterior  central  gyri,  and  it  is  also  much  thinner  at  the  bottom  of  the  sulci  than 
on  the  top  of  the  gyri.  Again,  the  minute  structure  of  the  anterior  central  differs  from  that  of 
the  posterior  central  gyrus,  and  areas  possessing  a  specialized  type  of  cortex  can  be  mapped  out 
in  the  occipital  lobe. 

On  examining  a  section  of  the  cortex  with  a  lens,  it  is  seen  to  consist  of  alternating  white  and 
gray  layers  thus  disposed  from  the  surface  inward:  (1)  a  thin  layer  of  white  substance;  (2)  a 
layer  of  gray  substance;  (3)  a  second  white  layer  (outer  band  of  BaiUarger  or  band  of  Gennari ); 
(4)  a  second  gray  layer;  (5)  a  third  white  layer  (inner  band  of  Baillarger);  (6)  a  third  gray  layer, 
which  rests  on  the  medullary  substance  of  the  gyrus. 

The  cortex  is  made  up  of  nerve  cells  of  varying  size  and  shape,  and  of  nerve  fibers  which  are 
either  medullated  or  naked  axis-cylinders,  imbedded  in  a  matrix  of  neuroglia. 

Nerve  Celle. — According  to  Cajal,  the  nerve  cells  are  arranged  in  four  layers,  named  from  the 
surface  inward  as  follows:  (1)  the  molecular  layer,  (2)  the  layer  of  small  pyramidal  cells,  (3) 
the  layer  of  large  pyramidal  cells,  (4)  the  layer  of  polymorphous  cells. 

The  Molecular  Layer. — In  this  layer  the  cells  are  polygonal,  triangular,  or  fusiform  in  shape. 
Each  polygonal  cell  gives  off  some  four  or  five  dendrites,  while  its  axon  may  arise  directly  from 
the  cell  or  from  one  of  its  dendrites.  Each  triangular  cell  gives  off  two  or  three  dendrites,  from 
one  of  which  the  axon  arises.  The  fusiform  cells  are  placed  with  their  long  axes  parallel  to  the 
surface  and  are  mostly  bipolar,  each  pole  being  prolonged  into  a  dendrite,  which  runs  horizontally 
for  some  distance  and  furnishes  ascending  branches.  Their  axons,  two  or  three  in  number,  arise 
from  the  dendrites,  and,  like  them,  take  a  horizontal  course,  giving  off  numerous  ascending 
collaterals.  The  distribution  of  the  axons  and  dendrites  of  all  three  sets  of  cells  is  limited  to  the 
molecular  layer. 

The  Layer  of  Small  and  the  Layer  of  Large  Pyramidal  Cells. — The  cells  in  these  two  layers 
may  be  studied  together,  since,  with  the  exception  of  the  difference  in  size  and  the  more  super¬ 
ficial  position  of  the  smaller  cells,  they  resemble  each  other.  The  average  length  of  the  small 
cells  is  from  10  to  15m;  that  of  the  large  cells  from  20  to  30m.  The  body  of  each  cell  is  pyramidal 
in  shape,  its  base  being  directed  to  the  deeper  parts  and  its  apex  toward  the  surface.  It  contains 
granular  pigment,  and  stains  deeply  with  ordinary  reagents.  The  nucleus  is  of  large  size,  and 
round  or  oval  in  shape.  The  base  of  the  cell  gives  off  the  axis  cylinder,  and  this  runs  into  the 
central  white  substance,  giving  off  collaterals  in  its  course,  and  is  distributed  as  a  projection, 
commissural,  or  association  fiber.  The  apical  and  basal  parts  of  the  cell  give  off  dendrites;  the 
apical  dendrite  is  directed  toward  the  surface,  and  ends  in  the  molecular  layer  by  dividing  into 
numerous  branches,  all  of  which  may  be  seen,  when  prepared  by  the  silver  or  methylene-blue 
method,  to  be  studded  with  projecting  bristle-like  processes.  The  largest  pyramidal  cells  are 
found  in  the  upper  part  of  the  anterior  central  gyrus  and  in  the  paracentral  lobule;  they  are 
often  arranged  in  groups  or  nests  of  from  three  to  five,  and  are  named  the  giant  cells  of  Betz. 
In  the  former  situation  they  may  exceed  50m  in  length  and  40m  in  breadth,  while  in  the  para¬ 
central  lobule  they  may  attain  a  length  of  65m. 

Layer  of  Polymorphous  Cells. — The  cells  in  this  layer,  as  their  name  implies,  are  very  irregular 
in  contour;  they  may  be  fusiform,  oval,  triangular,  or  star-shaped.  Their  dendrites  are  directed 
outward,  but  do  not  reach  so  far  as  the  molecular  layer;  their  axons  pass  into  the  subjacent  white 
matter. 

There  are  two  other  kinds  of  cells  in  the  cerebral  cortex.  They  are:  (a)  the  cells  of  Golgit 
the  axons  of  which  divide  immediately  after  their  origins  into  a  large  number  of  branches,  which 
are  directed  toward  the  surface  of  the  cortex;  (6)  the  cells  of  M artinotti,  which  are  chiefly  found 
in  the  polymorphous  layer;  their  dendrites  are  short,  and  may  have  an  ascending  or  descending 
course,  while  their  axons  pass  out  into  the  molecular  layer  and  form  an  extensive  horizontal 
arborization. 
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the  terminations  of  the  projection,  commissural,  or  association  fibers,  ascend  to  end  in  the  cortex. 
The  axons  of  the  cells  of  Martinotti  are  also  ascending  fibers. 

Sp*ci*l  Types  of  Cerebral  Cortez. — It  has  been  already  pointed  out  that  the  minute  structure 
of  the  cortex  differs  in  different  regions  of  the  hemisphere;  and  A.  W.  Campbell1  has  endeavored 
to  prove,  as  the  result  of  an  exhaustive  examination  of  a  series  of  human  and  anthropoid  brains, 
'•that  there  exists  a  direct  correlation  between  physiological  function  and  histological  structure.” 
The  principal  regions  where  the  ‘"typical”  structure  is  departed  from  will  now  be  referred  to. 

1.  In  the  calcarine  fissure  and  the  gyri  bounding  it,  the  internal  band  of  B&ijlarger  is  absent, 
while  the  band  of  Gennari  is  of  considerable  thickness,  and  forms  a  characterist  ic  feat  ure  of  this 
region  of  the  cortex.  If  a  section  be  examined  microscopically,  an  additional  layer  of  cells  is 
seen  to  be  interpolated  between  the  molecular  layer  and  the  layer  of  small  pyramidal  cells.  This 
extra  layer  consists  of  two  or  three  strata  of  fusiform  cells,  the  long  axes  of  which  are  at  right 
angles  to  the  surface;  each  cell  gives  off  two  dendrites,  external  and  internal,  from  the  latter  of 
which  the  axon  arises  and  passes  into  the  white  central  substance.  In  the  layer  of  small  pyramidal 
cells,  fusiform  cells,  identical  with  the  above,  are  seen,  as  well  as  ovoid  or  star-like  cells  with 
ascending  axons  (cells  of  Marlinolli).  This  is  the  insual  arta  of  the  cortex,  and  it  has  been  shown 
by  J.  S,  Bolton1  that  in  old-standing  cases  of  optic  atrophy  the  thickness  of  Gennari'?  band  is 
reduced  by  nearly  50  per  cent. 
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Fig.  773. — Coronal  section  of  olfactory  bulb.  (Schwalbe  f 


A.  W.  Campbell  says:  u  Histologically,  two  distinct  types  of  cortex  can  be  made  out  in  the 
occipital  lobe.  The  first  of  these  coats  the  walls  and  bounding  convolutions  of  the  calcarine 
fissure,  and  is  distinguished  by  the  well-known  line  of  Gennari  or  Vicq  d’Azyr;  the  second  area 
forms  on  investing  zone  a  centimetre  or  more  broad  around  the  first,  and  is  characterized  by  a 
remarkable  wealth  of  fibers,  as  well  as  by  curious  pyriform  cells  of  large  size  richly  stocked  with 
chrmnophilic  elements—cells  which  seem  to  have  escaped  the  observation  of  Ramon  y  Cajal, 

Bolton,  and  others  who  have  worked  at  this  region.  As  to  the  functions  of  these  two  regions 
there  is  abundant  evidence,  anatomical,  embryological,  and  pathological,  to  show  that  the  first 
or  calcarine  area  is  that  to  which  visual  sensations  primarily  pass,  and  we  are  gradually  obtain¬ 
ing  proof  to  the  effect  that  the  second  investing  area  is  constituted  for  the  interpretation  and 
further  elaboration  of  these  sensations.  These  areas  therefore  deserve  the  names  visua-misory 
and  vtiuo-psychic'' 

2.  The  anterior  central  gyrus  is  characterized  by  the  presence  of  the  giant  cells  of  Betz  and 
by  “a  wealth  of  nerve  fibers  immeasurably  superior  to  that,  of  any  other  part”  (Campbell),  and 
in  these  respects  differs  from  the  posterior  central  gyrus.  These  two  gyri,  together  with  the 
paracentral  lobule,  were  long  regarded  as  constituting  the  “motor  areas”  of  the  hemisphere; 
but  Sherrington  and  Grunbaum  have  showrd  that  in  the  chimpanzee  the  motor  area  never  extends 
to  the  free  face  of  the  posterior  central  gyrus,  but  occupies  the  entire  length  of  the  anterior 
central  gyrus,  and  in  most  cases  the  greater  part  or  the  whole  of  its  width.  It  extends  into  the 
depth  of  the  central  sulcus,  occupying  the  anterior  wall,  and  in  some  places  the  floor,  and  in 
some  extending  even  into  the  deeper  part  of  the  posterior  wall  of  the  sulcus. 

1  Histological  citmiiea  on  the  Localisation  of  Cerebral  Function,  Cambridge  l  Diversity  Press.  -  '  ; 

*  Philosophical  Transactions  of  Royal  Society,  Series*  B,  vol  193,  165. 

•  Transactions  of  the  Pathological  Society  of  London,  vol.  53.  <  <  '  - 
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The  human  brain  is  heavier  than  that  of  any  of  the  lower  animals,  except  the  elephant  and 
whale  The  brain  of  the  former  weighs  from  3.5  to  5.4  kilogm..  and  that  of  a  whale,  in  a  speci¬ 
men  10  metres  long,  weighed  rather  more  than  0.7  kilogm. 

Cerebral  Localisation,— Physiological  and  pathological  research  have  now  gone  far  to  prove 
that  a  considerable  part  of  the  surface  of  the  brain  may  he  mapped  out  into  a  series  of  more 
or  less  definite  areas,  each  of  which  is  intimately  connected  with  some  well-defined  function. 

The  chief  areas  are  indicat ed  in  Figs.  774  and  775. 

Motor  Areas. — The  motor  area  occupies  the  anterior  central  and  frontal  gyri  and  the  para¬ 
central  lobule.  The  centers  for  the  lower  limb  are  located  on  the  uppermost  part  of  the  anterior 
central  gyrus  and  its  continuation  on  to  the  paracentral  lobule;  those  for  the  trunk  are  on  the 
upper  portion,  and  those  for  the  upper  limb  on  the  middle  portion  of  the  anterior  central  gyrus. 
'Hie  facial  cent  ers  are  situated  on  the  lower  part  of  the  anterior  central  gyrus,  those  for  the  tongue, 
iaryux,  muscles  of  mastication,  and  pharynx  on  the  frontal  operculum,  while  those  for  the  head 
and  neck  occupy  the  posterior  end  of  the  middle  frontal  gyms. 
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Areas  of  localisation  on  medial  surface  of  hemisphere,  Motor  area  in  mi.  Area  of  general  sensations 
>Irf*.  Visual  area  in  yellow.  Olfactory  area  in  purple.  Th<*  jxiychio  portions  are  in  lighter  tints. 


Sensory  Areas. — Tactile  and  temperature  senses  are  located  on  the  posterior  central  gyrus, 
while  the  sense  of  form  and  solidity  is  on  the  superior  parietal  lobule  and  precuneus.  With 
regard  to  the  special  senses,  the  area  for  the  sense  of  taste  is  probably  related  to  the  uncus  and 
hippocampal  gyrus.  The  auditory  area  occupies  the  middle  third  of  the  superior  temporal  gyrus 
and  the  adjacent  gyri  in  the  lateral  fissure;  the  visual  area,  the  calcarine  fissure  and  cuneus;  the 
olfactory  area,  the  rhinencephalon.  As  special  centers  of  much  importance  may  be  noted;  the 
emissive  center  for  speech  on  the  left  inferior  frontal  and  anterior  central  gyri  (Broca) ;  the  auditory 
receptive  center  on  the  transverse  and  superior  temporal  gyri,  and  the  visual  receptive  center 
on  the  lingual  gyrus  and  cuneus. 


COMPOSITION  AND  CENTRAL  CONNECTIONS  OF  THE  SPINAL  NERVES. 

The  typical  spinal  nerve  consists  of  at  least  four  types  of  fibers,  the  somatic  sensory, 
sympathetic  afferent  or  sensory,  somatic  motor  and  sympathetic  efferent  or  pregan¬ 
glionic,  The  somatic  sensory  fibers,  afferent  fibers,  arise  from  cells  in  the  spinal 
ganglia  and  are  found  in  all  the  spinal  nerves,  except  occasionally  the  first  cervical, 
and  conduct  impulses  of  pain,  touch  and  temperat  ure  from  the  surface  of  the  body 
through  the  posterior  roots  to  the  spinal  cord  and  impulses  of  muscle  sense,  tendon 
sense  and  joint  sense  from  the  deeper  structures.  The  sympathetic  afferent  fibers, 
conduct  sensory  impulses  from  the  viscera  through  the  rami  communion ntes  and 
posterior  roots  to  the  spinal  cord.  They  are  probably  limited  to  the  white  rami 
connected  with  the  spinal  nerves  in  two  groups,  viz.,  the  first  thoracic  to  the  second 
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lumbar  and  the  second  sacral  to  the  fourth  sacral  nerves.  The  somatic  motor 
fibers,  efferent  fibers,  arise  from  cells  in  the  anterior  column  of  the  spinal  cord  and 
pass  out  through  the  anterior  roots  to  the  voluntary  muscles.  The  sympathetic 
efferent  fibers,  probably  arise  from  cells  in  the  lateral  column  or  the  base  of  the 
anterior  column  and  emerge  through  the  anterior  roots  and  white  rami  communi- 
cantes.  These  are  preganglionic  fibers  which  end  in  various  sympathetic  ganglia 
from  which  postganglionic  fibers  conduct  the  motor  impulses  to  the  smooth  muscles 
of  the  viscera  and  vessels  and  secretory  impulses  to  the  glands.  These  fibers  are 
also  limited  to  two  regions,  the  first  thoracic  to  the  second  lumbar  and  the  second 
sacral  to  the  fourth  sacral  nerves. 

The  afferent  fibers  which  pass  into  the  spinal  cord  establish  various  types  of 
connections,  some  within  the  cord  itself  for  spinal  reflexes,  others  for  reflexes  con¬ 
nected  with  higher  centers  in  the  brain,  while  still  others  conduct  impulse?  of 
conscious  sensation  by  a  series  of  neurons  to  the  cerebral  cortex. 


Fig.  776. — Diagram  of  the  spinal  cord  reflex  apparatus.  Some  of  the  connections  of  a  single  afferent  neuron  from 
the  skin  (d.r.2)  are  indicated:  d.r.2,  dorsal  root  from  second  spinal  ganglion;  rn,  muscles;  sp.'j.l  to  vp  ,;4.  spinal 
ganglia;  c.r.l1  to  ®.r.4,  ventral  roots.  (After  Herrick.) 

The  Intrinsic  Spinal  Reflex  Paths. — The  collaterals  and  terminals  of  the  ascend¬ 
ing  and  descending  branches  of  the  posterior  root  fibers  which  leave  the  fasciculus 
cuneatus  to  enter  the  gray  matter  of  the  spinal  cord  end  in  various  ways.  Many  end 
in  the  dorsal  column,  some  near  its  apex,  others  in  the  substance  of  Rolando,  others 
in  the  intermediate  region  between  the  dorsal  and  ventral  columns,  others  traverse 
the  whole  thickness  of  the  gray  matter  to  reach  the  ventral  column,  others  end  in  the 
dorsal  nucleus,  and  others  pass  through  the  gray  commissure  to  the  dorsal  column 
of  the  opposite  side.  All  of  these  collaterals  and  terminals  end  in  connection  with 
cells  or  dendrites  of  cells  in  the  gray  columns.  The  axons  of  these  cells  have  various 
destinations,  some  pass  out  into  the  lateral  and  ventral  funiculi  and  turn  upward 
to  reach  the  brain.  Those  concerned  with  the  intrinsic  spinal  reflexes  come  into 
relation  either  directly  or  indirectly  with  motor  cells  in  the  anterior  column.  It  is 
very  unlikely  that  either  the  terminals  or  collaterals  of  the  dorsal  root  fibers  effect 
simple  direct  connections  with  the  motor  cells  of  the  ventral  column,  there  is  at 
least  one  if  not  several  intercalated  neurons  in  the  path.  These  intercalated  or 
correlation  neurons  may  have  short  axons  that  do  not  pass  out  of  the  gray  matter 
or  the  axons  may  pass  out  into  the  proper  fasciculi  and  extend  for  varying  distances 
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up  and  down  or  in  both  directions  giving  off  collaterals  and  finally  terminating  in 
the  gray  matter  of  the  same  or  the  opposite  side.  The  shortest  fibers  of  the  proper 
fasciculi  lie  close  to  the  gray  matter,  the  longest  ones  are  nearer  the  periphery  of 
the  proper  fasciculi  and  are  more  or  less  intermingled  with  the  long  ascending  and 
descending  fasciculi  which  occupy  the  more  marginal  regions  of  the  spinal  cord. 

Each  sensory  neuron,  with  its  ascending  and  descending  branches,  giving  off  as 
it  does  many  collaterals  into  the  gray  matter,  each  one  of  which  may  form  a  synapse 
with  one  or  several  correlation  neurons,  is  thus  brought  into  relation  with  many 
correlation  neurons  and  each  one  of  these  in  turn,  with  its  ascending  and  descending 
branches  and  their  numerous  collaterals,  is  brought  into  relation,  either  directly 
or  through  the  intercalation  of  additional  correlation  neurons,  with  great  numbers 
of  motor  cells  in  the  anterior  column.  The  great  complexity  of  these  so-called 
simple  reflex  mechanisms,  in  the  least  complex  portion  of  the  nervous  system  the 
spinal  cord,  renders  them  extremely  difficult  of  exact  analysis. 

The  association  or  correlation  neurons  are  concerned  not  only  with  the  reflex 
mechanisms  of  the  spinal  cord  but  play  an  equally  important  role  in  the  trans¬ 
mission  of  impulses  from  the  higher  centers  in  the  brain  to  the  motor  neurons  of  the 
spinal  cord. 

The  complex  mechanisms  just  described  are  probably  concerned  not  so  much  in 
the  contraction  of  individual  muscles  as  in  the  complicated  action  of  groups  of 
muscles  concerned  in  the  enormous  number  of  movements,  which  the  limbs  and 
trunk  exhibit  in  the  course  of  our  daily  life. 

Sensory  Pathways  from  the  Spinal  Cord  to  the  Brain. — The  posterior  root  fibers 
conducting  the  impulses  of  conscious  muscle  sense,  tendon  sense  and  joint  sense, 
those  impulses  which  have  to  do  with  the  coordination  and  adjustment  of  muscular 
movements,  ascend  in  the  fasciculus  gracilis  and  fasciculus  cuneatus  to  the  nucleus 
gracilis  and  nucleus  cuneatus  in  the  medulla  oblongata  (Fig.  777). 

In  the  nucleus  gracilis  and  nucleus  cuneatus  synaptic  relations  are  found  with 
neurons  w  hose  cell  bodies  are  located  in  these  nuclei  and  whose  axons  pass  by  w*ay 
of  the  internal  arcuate  fibers,  cross  in  the  raphe  to  the  opposite  side  in  the  region 
between  the  olives  and  turn  abruptly  upward  to  form  the  medial  lemniscus  or  medial 
fillet.  The  medial  fillet  passes  upward  in  the  ventral  part  of  the  formatio  reticularis 
through  the  medulla  oblongata,  pons  and  mid-brain  to  the  principal  sensory  nucleus 
of  the  ventro-lateral  region  of  the  thalamus.  Here  the  terminals  form  synapses 
with  neurons  of  the  third  order  w’hose  axons  pass  through  the  internal  capsule  and 
corona  radiata  to  the  somatic  sensory  area  of  the  cortex  in  the  post-central  gyrus. 

Fibers  conducting  the  impulses  of  unconscious  muscle  sense  pass  to  the  cerebellum 
partly  by  way  of  the  fasciculus  gracilis  and  fasciculus  cuneatus  to  the  nucleus 
gracilis  and  nucleus  cuneatus,  thence  neurons  of  the  second  order  convey  the 
impulses  either  via  the  dorsal  external  arcuate  fibers  directly  into  the  inferior 
peduncle  of  the  cerebellum  or  via  the  ventral  external  arcuate  fibers  wrhich  are 
continued  from  the  internal  arcuate  fibers  through  the  ventral  part  of  the  raphe 
and  after  crossing  the  midline  emerge  on  the  surface  of  the  medulla  in  the  ventral 
sulcus  between  the  pyramids  or  in  the  groove  betw'een  the  pyramid  and  the  olive. 
They  pass  over  the  lateral  surface  of  the  medulla  and  olive  to  reach  the  inferior 
peduncle  through  which  they  pass  to  the  cerebellum. 

Other  fibers  conducting  impulses  of  unconscious  muscle  sense  pass  upward  in  the 
dorsal  spinocerebellar  fasciculus,  which  arises  from  cells  in  the  nucleus  dorsalis. 
The  posterior  root  fibers  conducting  these  impulses  pass  into  the  fasciculus  cuneatus 
and  the  collaterals  from  them  to  the  nucleus  dorsalis  are  said  to  come  almost 
exclusively  from  the  middle  area  of  the  fasciculus  cuneatus.  They  form  by  their 
multiple  division  baskets  about  the  individual  cells  of  the  nucleus  dorsalis,  each 
fiber  coming  in  relation  with  the  bodies  and  dendrites  of  several  cells.  The  axons 
of  the  second  order  pass  into  the  dorsal  spinocerebellar  fasciculus  of  the  same  side 
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and  ascend  along  the  lateral  surface  of  the  spinal  cord  and  medulla  oblongata  until 
they  arrive  at  the  level  of  the  olive,  they  then  curve  backward  beneath  the  external 
arcuate  fibers  into  the  inferior  peduncle  and  pass  into  the  cerebellum.  Here  they 
give  off  collaterals  to  the  dentate  nucleus  and  finally  terminate  in  the  cortex  of  the 
dorsal  and  superior  portion  of  the  vermis,  partly  on  the  same  side,  but  to  a  great 
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Fk;.  777  — The  sensory  tract.  (Modified  from  Poirier.) 


extent  by  way  of  a  large  commissure  to  the  opposite  side.  The  fibers  lose  their 
myelin  sheaths  as  they  enter  the  gray  substance  and  terminate  by  end  ramifications 
among  the  nerve  cells  and  their  processes.  Some  of  the  fibers  are  said  to  end  m 
the  nucleus  dentatus  and  the  roof  nuclei  of  the  cerebellum  (the  nucleus  globosus, 
nucleus  emboliformis  and  nucleus  fastigius)  and  others  pass  through  them  to  ter¬ 
minate  in  the  inferior  vermis.  A  few  fibers  of  the  dorsal  spinocerebellar  fasciculus 
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are  said  not  to  enter  the  inferior  peduncle  but  to  pass  with  the  ventral  spinocere¬ 
bellar  fasciculus.  The  cerebellar  reflex  arc  is  supposed  to  be  completed  by  the  fibers 
of  the  superior  peduncle  which  pass  from  the  cerebellum  to  the  red  nucleus  of  the 
mid-brain  where  some  of  their  terminals  and  collaterals  form  synapses  with  neurons 
whose  axons  descend  to  the  spinal  cord  in  the  rubrospinal  fasciculus.  The  terminal 
and  collaterals  of  this  fasciculus  end  either  directly  or  indirectly  about  the  motor 
cells  in  the  anterior  column. 

The  ventral  spinocerebellar  fasciculus,  since  most  of  its  fibers  pass  to  the  cere¬ 
bellum,  is  also  supposed  to  be  concerned  in  the  conduction  of  unconscious  muscle 
sense.  The  location  of  its  cells  of  origin  is  uncertain.  They  are  probably  in  or  near 
the  dorsal  nucleus  of  the  same  and  the  opposite  side;  various  other  locations  are 
given,  the  dorsal  column,  the  intermediate  zone  of  the  gray  matter  and  the  central 
portion  of  the  anterior  column.  The  neurons  of  the  first  order  whose  central  fibers 
enter  the  fasciculus  cuneatus  from  the  dorsal  roots  send  collaterals  and  terminals 
to  form  synapses  with  these  cells.  The  fibers  which  come  from  the  opposite  gray 
columns  cross  some  in  the  white  and  some  in  the  gray  commissure  and  pass  with 
fibers  from  the  same  side  through  the  lateral  funiculus  to  the  marginal  region 
ventral  to  the  dorsal  spinocerebellar  fasciculus.  The  fasciculus  begins  about  the 
level  of  the  third  lumbar  nerve  and  continues  upward  on  the  lateral  surface  of 
the  spinal  cord  and  medulla  oblongata  until  it  passes  under  cover  of  the  external 
arcuate  fibers.  It  passes  just  dorsal  to  the  olive  and  above  this  joins  the  lateral 
edge  of  the  lateral  lemniscus  along  which  it  runs,  ventral  to  the  roots  of  the  trigem¬ 
inal  nerve,  almost  to  the  level  of  the  superior  colliculus,  it  then  crosses  over  the 
superior  peduncle,  turns  abruptly  backward  along  its  medial  border,  enters  the 
cerebellum  with  it  and  ends  in  the  vermis  of  the  same  and  the  opposite  side.  Some 
of  its  fibers  are  said  to  join  the  dorsal  spinocerebellar  fasciculus  in  the  medulla 
oblongata  and  enter  the  cerebellum  through  the  inferior  peduncle.  A  number  of 
fibers  are  said  to  continue  upward  in  the  dorsolateral  part  of  the  tegmentum  as 
far  as  the  superior  colliculus  and  a  few  pass  to  the  thalamus.  They  probably  form 
part  of  the  sensory  or  higher  reflex  path. 

The  posterior  root  fibers  conducting  impulses  of  pain  and  temperature  probably 
terminate  in  the  posterior  column  or  the  intermediate  region  of  the  gray  matter 
soon  after  they  enter  the  spinal  cord.  The  neurons  of  the  second  order  are  supposed 
to  pass  through  the  anterior  commissure  to  the  superficial  antero-lateral  fasciculus 
(tract  of  Gowers)  and  pass  upward  in  that  portion  of  it  known  as  the  lateral  spino¬ 
thalamic  fasciculus.  This  fasciculus  lies  along  the  medial  side  of  the  ventral  spino¬ 
cerebellar  fasciculus.  It  is  stated  by  some  authors  that  the  pain  fibers  pass  upward 
in  the  antero-lateral  ground  bundles.  In  some  of  the  lower  mammals  this  pathway 
carries  the  pain  fibers  upward  by  a  series  of  neurons  some  of  which  cross  to  the 
opposite  side,  so  that  in  part  there  is  a  double  path.  In  man,  however,  the  lateral 
spinothalamic  fasciculus  is  probably  the  most  important  pathway.  On  reaching  the 
medulla  these  fibers  continue  upward  through  the  formatio  reticularis  in  the  neigh¬ 
borhood  of  the  median  fillet  to  the  thalamus,  probably  its  ventro-lateral  region. 
Whether  higher  neurons  convey  the  pain  impulses  to  the  cortex  through  the  internal 
capsule  is  uncertain.  The  pathway  is  probably  more  complex  and  Head  is  of  the 
opinion  that  our  sensations  of  pain  are  essentially  thalamic.  The  pain  and  temper¬ 
ature  pathways  in  the  lateral  spinothalamic  fasciculus  are  not  so  closely  inter¬ 
mingled  but  that  one  can  be  destroyed  without  injury  to  the  other. 

Ransom  suggests  that  the  non-medullated  fibers  of  the  posterior  roots,  which 
turn  into  Lissauer’s  tract  and  ascend  or  descend  for  short  distances  not  exceeding 
one  or  two  segments  and  finally  end  in  the  substantia  gelatinosa,  are  in  part  at 
least  pain  fibers  and  that  the  fasciculus  of  Lissauer  and  the  substantia  gelatinosa 
represent  part  of  the  mechanism  for  reflexes  associated  with  pain  conduction  and 
reception  while  the  fibers  to  the  higher  centers  pass  up  in  the  spinothalamic  tract. 
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The  fibers  of  tactile  discrimination,  according  to  Head  and  Thompson,  pass  up  in 
the  fasciculus  cuneatus  and  fasciculus  gracilis  of  the  same  side  and  follow  the  path 
of  the  muscle-sense  fibers.  The  axons  of  the  second  order  arising  in  the  nucleus 
cuneatus  and  gracilis  cross  with  the  internal  arcuate  fibers  and  ascend  to  the  thalamus 
with  the  medial  lemniscus,  thence  by  neurons  of  higher  order  the  impulses  are  carried 
to  the  somatic  sensory  area  of  the  cortex  through  the  internal  capsule.  The  other 
touch  fibers,  shortly  after  entering  the  spinal  cord,  terminate  in  the  dorsal  column 
or  intermediate  gray  matter.  Neurons  of  the  second  order  send  their  axons  through 
the  anterior  commissure  to  pass  upward  in  the  antero-lateral  funiculus  probably 
in  the  ventral  spinothalamic  fasciculus.  In  the  medulla  they  join  or  pass  upward 
in  the  neighborhood  of  the  medial  lemniscus  to  the  thalamus  and  thence  by  neurons 
of  higher  order  to  the  somatic  sensory7  area  of  the  cortex. 

The  remaining  ascending  fasciculi  form  a  part  of  the  complex  knowm  as  the  super¬ 
ficial  antero-lateral  fasciculus  ( tract  of  Gowers ).  The  spinotectal  fasciculus,  as  its 
name  indicates,  is  supposed  to  have  its  origin  in  the  gray  matter  of  the  cord  and 
terminations  in  the  superior  and  inferior  (?)  colliculi  of  the  mid-brain  serving  for 
reflexes  between  the  cord  and  the  visceral  and  auditory  centers  of  the  mid-brain. 

The  spino-olivary  fasciculus  ( olivospinal ;  bulbospinal ,  Helweg’s  bundle)  is  likewise 
of  unknown  constitution  and  function;  there  is  uncertainty  even  in  regard  to  the 
direction  of  its  fibers. 

Sympathetic  afferent  fibers  ( visceral  afferent;  viscerosensory;  splanchnic  afferent) 
enter  the  spinal  cord  by  the  posterior  roots  of  the  thoracic  and  first  two  or  three 
lumbar  nerves  and  the  second  to  the  fourth  sacral  nerves.  The  fibers  pass  to  these 
nerves  from  the  peripheral  sympathetic  system  through  the  white  rami  communi- 
cantes.  Some  of  the  cell  bodies  of  these  afferent  fibers  are  located  in  the  spinal 
ganglia  and  others  are  in  the  sympathetic  ganglia.  Some  of  the  afferent  sympa¬ 
thetic  fibers  end  about  the  cell  bodies  of  somatic  sensory  neurons  and  visceral 
impulses  are  thus  transmitted  to  these  neurons  which  conduct  them  as  well  as  their 
own  special  impulses  to  the  spinal  cord.  Other  sympathetic  afferent  neurons 
whose  cell  bodies  are  located  in  the  spinal  ganglia  send  collaterals  to  neighboring 
cells  of  somatic  sensory  neurons  and  thus  have  a  double  path  of  transmission  to 
the  spinal  cord.  Such  an  arrangement  provides  a  mechanism  for  some  of  the 
referred  pains. 

These  sympathetic  afferent  fibers  presumably  divide  on  entering  the  spinal  cord 
into  ascending  and  descending  branches.  Their  distribution  and  termination 
within  the  spinal  cord  are  unknown.  Some  of  them  probably  eventually  come  into 
relation  with  the  sympathetic  efferent  fibers  whose  cell  bodies  are  located  in  the 
lateral  column.  Our  knowledge  concerning  both  the  termination  and  origin  of 
these  fibers  is  very  unsatisfactory. 

The  sympathetic  efferent  fibers  {splanchnic  motor;  viscero-motor;  preganglionic  fibers) 
are  supposed  to  arise  from  cells  in  the  intermediate  zone  between  the  dorsal 
and  ventral  gray  columns  and  in  the  intermedio-lateral  column  at  the  ma  gin  of 
the  lateral  column.  These  preganglionic  sympathetic  fibers  are  not  distributed 
throughout  the  entire  series  of  spinal  nerves  but  are  confined  to  two  groups,  the 
thoraco-lumbar  from  the  first  thoracic  to  the  second  or  third  lumbar  nerves  and 
the  sacral  group  from  the  second  to  the  fourth  sacral  nerves.  They  pass  out  with 
the  anterior  root  fibers  and  through  the  rami  communicantes  to  end  in  sympathetic 
ganglia.  The  impulses  are  distributed  from  cells  in  these  ganglia  through  post¬ 
ganglionic  fibers  to  the  smooth  muscles  and  glands.  The  thoraco-lumbar  outflow 
and  the  sacral  outflow7  form  two  distinct  functional  groups  which  are  considered 
more  fully  under  the  sympathetic  system. 
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COMPOSITION  AND  CENTRAL  CONNECTIONS  OF  THE  CRANIAL  NERVES. 

The  cranial  nerves  are  more  varied  in  their  composition  than  the  spinal  nerves. 
Some,  for  example,  contain  somatic  motor  fibers  only,  others  contain  the  various 
types  of  fibers  found  in  the  spinal  nerves,  namely,  somatic  motor,  sympathetic 
efferent,  somatic  sensory  and  sympathetic  sensory.  In  addition  there  are  included 
the  nerves  of  the  special  senses,  namely,  the  nerves  of  smell,  sight,  hearing,  equili¬ 
bration  and  taste. 

The  Hypoglossal  Nerve  (XII  cranial)  consists  of  somatic  motor  fibers  only  and 
supplies  the  muscles  of  the  tongue.  Its  axons  arise  from  cells  in  the  hypoglossal 
nucleus  and  pass  forward  between  the  white  reticular  formation  and  the  gray 
reticular  formation  to  emerge  from  the  antero-lateral  sulcus  of  the  medulla.  The 
hypoglossal  nuclei  of  the  two  sides  are  connected  by  many  commissural  fibers  and 
also  bv  dendrites  of  motor  cells  which  extend  across  the  midline  to  the  opposite 
nucleus.  The  hypoglossal  nucleus  receives  either  directly  or  indirectly  numerous 
collaterals  and  terminals  from  the  opposite  pyramidal  tract  (cortico-bulbar  or  cerebro- 
bulbar  fibers)  which  convey  voluntary  motor  impulses  from  the  cerebral  cortex. 
Many  reflex  collaterals  enter  the  nucleus  from  the  secondary  sensory  paths  of  the 
trigeminal  and  vagus  and  probably  also  from  the  nervus  intermedius  and  the  glosso¬ 
pharyngeal.  Collaterals  from  the  posterior  longitudinal  bundle  and  the  ventral 
longitudinal  bundle  are  said  to  pass  to  the  nucleus. 

The  Accessory  Nerve  ( XI  cranial )  contains  somatic  motor  and  sympathetic  efferent 
fibers. 

(1)  The  somatic  motor  fibers. — The  spinal  part  arises  from  lateral  cell  groups  in 
the  anterior  column  near  its  dorso-lateral  margin  in  the  upper  five  or  six  segments 
of  the  cord,  its  roots  pass  through  the  lateral  funiculus  to  the  lateral  surface  of  the 
cord.  It  supplies  the  Trapezius  and  Sternocleidomastoideus.  The  cranial  part 
arises  from  the  nucleus  ambiguus,  the  continuation  in  the  medulla  oblongata  of 
the  lateral  cell  groups  of  the  anterior  column  of  the  spinal  cord  from  which  the 
spinal  part  has  origin.  The  upper  part  of  the  nucleus  ambiguus  gives  motor  fibers 
to  the  vagus  and  glossopharyngeal  nerves.  The  cranial  part  sends  it  fibers  through 
the  vagus  to  the  laryngeal  nerves  to  supply  the  muscles  of  the  larynx  and  pharynx. 
The  root  fibers  of  the  cranial  part  of  the  accessory  nerve  pass  anterior  to  the  spinal 
tract  of  the  trigeminal  while  those  of  the  vagus  pass  through  or  dorsal  to  the  tri¬ 
geminal  root,  and  emerge  in  the  line  of  the  postero-lateral  sulcus.  The  nucleus  of 
origin  of  the  spinal  part  undoubtedly  receives  either  directly  or  indirectly  terminals 
and  collaterals  controlling  voluntaiy  movements  from  the  pyramidal  tracts.  It 
is  probable  that  terminals  and  collaterals  reach  the  nucleus  either  directly  or 
indirectly  from  the  rubrospinal  and  the  vestibulospinal  tracts.  It  is  also  connected 
indirectly  with  the  spinal  somatic  sensory  nerves  by  association  fibers  of  the  proper 
fasciculi.  The  cranial  part  receives  indirectly  or  directly  terminals  and  collaterals 
from  the  opposite  pyramidal  tract  and  from  the  terminal  sensory  nuclei  of  the 
cranial  nerves. 

(2)  The  sympathetic  efferent  fibers  are  few  in  number  and  arise  in  the  dorsal 
nucleus  of  the  vagus  and  are  thus  sympathetic  efferent.  They  join  the  vagus  nerve 
and  are  distributed  with  it. 

The  Vagus  Nerve  (X  cranial )  contains  somatic  sensory,  sympathetic  afferent, 
somatic  motor,  sympathetic  efferent  and  (taste  fibers?) .  The  afferent  fibers  (somatic 
sensory,  sympathetic,  and  taste)  have  their  cells  of  origin  in  the  jugular  ganglion 
and  in  the  nodosal  ganglion  (ganglion  of  the  trunk)  and  on  entering  the  medulla 
divide  into  ascending  and  descending  branches  as  do  the  sensory  fibers  of  the  pos¬ 
terior  roots  of  the  spinal  nerves  after  they  enter  the  spinal  cord. 

(1)  The  somatic  sensory  fibers  are  few  in  number,  convey  impulses  from  a  limited 
area  of  the  skin  on  the  back  of  the  ear  and  posterior  part  of  the  external  auditory 
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meatus,  and  probably  join  the  spinal  tract  of  the  trigeminal  nerve  to  terminate  in 
its  nucleus.  Connections  are  probably  established  through  the  central  path  of 
the  trigeminal  with  the  thalamus  and  somatic  sensory  area  of  the  cortex  for  the 
conscious  recognition  of  impulses.  The  descending  fibers  in  the  spinal  tract  of  the 
trigeminal  terminating  in  the  nucleus  of  the  tract  probably  establish  relations 
through  connecting  neurons  with  motor  nuclei  in  the  anterior  column  of  the  spinal 
cord  and  with  motor  nuclei  of  the  medulla. 

(2)  The  sympathetic  afferent  fibers  join  the  tractus  solitarius  and  terminate  in 
its  nucleus.  These  afferent  fibers  convey  impulses  from  the  heart,  the  pancreas, 
and  probably  from  the  stomach,  esophagus  and  respiratory  tract.  Their  terminals 
in  the  dorsal  nucleus  come  into  relation  with  neurons  wrhose  axons  probably  descend 
into  the  spinal  cord,  conveying  impulses  to  the  motor  nuclei  supplying  fibers  tn 
the  muscles  of  respiration,  i.  e.,  the  phrenic  nerve  and  the  nerves  to  the  intercostal 
and  levatores  costarum  muscles.  Other  axons  probably  convey  vasomotor  impulses 
to  certain  sympathetic  efferent  neurons  throughout  the  spinal  cord.  The  dorsal 
nucleus  (nucleus  of  the  ala  cinerea,  and  the  posterior  continuation  of  it  into  the 
commissural  nucleus  of  the  ala  cinerea  constitute  probably  the  so-called  respirator} 
and  vasomotor  center  of  the  medulla.  The  shorter  reflex  neurons  of  the  dorsal 
nucleus  probably  effect  connections  either  directly  or  indirectly  with  motor  cells 
of  the  vagus  itself  and  other  cranial  nerves. 

(3)  Taste  fibers  conducting  impulses  from  the  epiglottis  and  larynx  are  supposed 
to  pass  in  the  vagus  and  to  join  the  tractus  solitarius,  finally  terminating  in  the 
nucleus  of  the  tractus  solitarius.  It  is  not  certain  that  this  nucleus  represents  the 
primary  terminal  center  for  taste  and  some  authors  maintain  that  the  taste  fibers 
terminate  in  the  dorsal  nucleus.  The  secondary  ascending  pathways  from  the 
primary  gustatory  nucleus  to  the  cortex  as  well  as  the  location  of  the  cortical 
center  for  taste  are  unknown.  A  gustatory  center  has  been  described  near  the  ante¬ 
rior  end  of  the  temporal  lobe.  The  nucleus  of  the  tractus  solitarius  is  connected 
with  motor  centers  of  the  pons,  medulla  and  spinal  cord  for  the  reactions  of  mastica¬ 
tion  and  sw  allowing. 

(4)  Somatic  motor  fibers  to  the  cross  striated  muscles  of  the  pharynx  and  larynx 
arise  in  the  nucleus  ambiguus.  This  nucleus  undoubtedly  receives  either  directly 
or  indirectly  collaterals  or  terminals  from  the  opposite  pyramidal  tract  controlling 
the  voluntary  movements  of  the  pharynx  and  larynx.  The  reflex  pathways  con¬ 
veying  impulses  from  the  terminal  sensory  nuclei  are  unknown,  but  probably  form 
part  of  the  intricate  maze  of  fibers  constituting  the  reticular  formation. 

(5)  Sympathetic  efferent  fibers  arise  from  cells  in  the  dorsal  nucleus  (nucleus  of 
the  ala  cinerea).  These  are  preganglionic  fibers  of  the  sympathetic  system  and  all 
terminate  in  sympathetic  ganglia  from  wThich  postganglionic  fibers  are  distributed  to 
various  organs,  i.  e .,  motor  fibers  to  the  esophagus,  stomach,  small  intestine,  gall¬ 
bladder,  and  to  the  lungs;  inhibitory  fibers  to  the  heart;  secretory  fibers  to  the 
stomach  and  pancreas.  The  dorsal  nucleus  not  only  receives  terminals  of  sym¬ 
pathetic  afferent  fibers  for  reflexes  but  undoubtedly  receives  terminals  and  collaterals 
from  many  other  sources,  but  the  exact  pathways  are  at  present  unknown. 

The  Glossopharyngeal  Nerve  (IX  cranial)  is  similar  to  the  vagus  nerve  as  regards 
its  central  connections  and  is  usually  described  with  it.  It  contains  somatic  sensory, 
sympathetic  afferent,  taste,  somatic  motor  and  sympathetic  efferent  fillers.  The 
afferent  sensory  fibers  arise  from  cells  in  the  superior  ganglion  and  in  the  petrosal 
ganglion.  The  same  uncertainty  exists  concerning  the  nuclei  of  termination  and 
nuclei  of  origin  of  the  various  components  as  for  the  vagus. 

(1)  The  somatic  sensory  fibers  are  few  in  number.  Some  are  distributed  with 
the  auricular  branch  of  the  vagus  to  the  external  ear;  others  probably  pass  to  the 
pharynx  and  fauces.  They  are  supposed  to  join  the  spinal  tract  of  the  trigeminal 
and  terminate  in  its  nucleus.  The  connections  are  similar  to  those  of  the  somatic 
sensory  fibers  of  the  vagus. 
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(2)  Sympathetic  afferent  fibers  from  the  pharynx  and  middle  ear  are  supposed  to 
terminate  in  the  nucleus  of  the  tractus  solitarius.  Connections  are  probably  estab¬ 
lished  with  motor  nuclei  concerned  in  chewing  and  swallowing;  very  little  is  known 
however,  about  the  connections  with  other  parts  of  the  brain. 

(3)  Taste  fibers  from  the  tongue  probably  terminate  in  the  nucleus  of  the  tractus 
solitarius-  These  fibers  together  with  similar  fiber's  from  the  facial  (nervus  inter¬ 
medins)  and  the  vagus  are  supposed  to  form  the  tractus  solitarius  and  terminate 
in  its  nucleus.  The  central  connections  have  been  considered  under  the  vagus. 

(4)  Somatic  motor  fibers  to  the  Stylopharyngeus  muscle  arise  in  the  upper  end 
of  the  nucleus  ambiguus.  The  existence  of  these  fibers  in  the  roots  of  the  glosso¬ 
pharyngeal  is  uncertain,  as  there  are  other  paths  by  which  such  fibers  might  reach 
the  glossopharyngeal  from  the  vagus.  The  sources  of  impulses  passing  to  the 
nucleus  ambiguus  are  considered  under  the  vagus. 

(5)  Sympathetic  efferent  fibers  (motor  and  secretory  fibers)  arise  from  the  nucleus 
dorsalis.  Some  authors  believe  that  the  secretory  fibers  to  the  parotid  gland  arise 
from  a  distinct  nucleus,  the  inferior  salivatory  nucleus,  situated  near  the  dorsal 
nucleus.  The  preganglionic  fibers  from  this  nucleus  terminate  in  the  otic  ganglion; 
the  postganglionic  fibers  from  the  otic  ganglion  pass  to  the  parotid  gland. 

The  Acoustic  Nerve  (VIII  cranial)  consists  of  two  distinct  nerves  the  cochlear 
nerve,  the  nerve  of  hearing,  and  the  vestibular  nerve,  the  nerve  of  equilibration. 


Fig.  TTS  — Terminal  nuclei  of  the  cochlear  nerve,  with  their  upper  connections.  (Schematic.)  Tue  vostiouiar 
nerve  with  it3  terminal  nuclei  and  their  efferent  fibers  have  been  suppressed.  On  the  other  hand,  in  order  not  to 
obscure  the  trapezoid  body,  the  efferent  fibers  of  the  terminal  nuclei  on  the  right  side  have  been  resected  in  u  consid¬ 
erable  portion  of  their  extent.  The  trapezoid  body,  therefore,  shows  only  one- half  of  its  fibers,  viz.,  those  which 
come  from  the  left.  1  Vestibular  nerve,  divided  at  its  entrance  into  the  medulla  oblongata.  2.  Cochlear  nerve.  3, 
Accessory  nucleus  of  acoustic  nerve.  1.  Tuber t  ulum  aeusti cum.  5  Efferent  fibers  of  accessory  nucleus.  l>,  Efferent 
fibers  of  tuberculum  acuaticum,  forming  the  striae  medulliires.  with  8'.  their  direct  bundle  going  to  the  superior 
oh  vary  nucleus  of  the  same  side;  fi",  their  decussating  bundles  going  to  the  superior  olivary  nucleus  of  the  opposite 
aide  7.  Superior  olivary  nucleus.  8.  Trapezoid  body.  9.  Trapezoid  nucleus.  10.  Central  acoustic  tract  (lateral 
lenmiacus).  11.  Rapb6.  12.  Cerebrospinal  fasciculus.  13.  Fourth  ventricle.  14.  inferior  peduncle.  (Teatut  ) 

The  Cochlear  Nerve  arises  from  bipolar  cells  in  the  spiral  ganglion  of  the  cochlea; 
the  peripheral  fibers  end  in  the  organ  of  Corti,  the  central  fibers  bifurcate  as  they 
enter  the  cochlear  nucleus;  the  short  ascending  branches  end  in  the  ventral  portion 
of  the  nucleus,  the  longer  descending  branches  terminate  in  the  dorsal  portion  of 
the  nucleus.  From  the  dorsal  portion  of  the  cochlear  nucleus  axons  arise  which 
pass  across  the  dorsal  aspect  of  the  inferior  peduncle  and  the  floor  of  the  fourth 
ventricle,  the  striae  me  dull  ares,  to  the  median  sulcus.  Hen*  they  dip  into  the  sub¬ 
stance  of  the  pons,  cross  the  median  plane,  and  join  the  lateral  lemniscus.  Some 
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of  the  fibers  terminate  in  the  superior  olivary  nucleus.  The  fibers  of  the  strise 
medullares  are  not  always  visible  on  the  floor  of  the  rhomboid  fossa.  From  the 
ventral  portion  of  the  cochlear  nucleus  axons  pass  into  the  trapezoid  body,  here 
some  of  them  end  in  the  superior  olivary  nucleus  of  the  same  side,  others  cross  the 
midline  and  end  in  the  superior  olivary  nucleus  of  the  opposite  side  or  pass  by  these 
nuclei,  giving  off  collaterals  to  them,  and  join  the  lateral  lemniscus.  Other  fibers 
either  terminate  in  or  give  off  collaterals  to  the  nucleus  of  the  trapezoid  body  of 
the  same  or  the  opposite  side.  Other  fibers  from  the  ventral  portion  of  the  cocldear 
nucleus  pass  dorsal  to  the  inferior  peduncle  and  then  dip  into  the  substance  of  the 
pons  to  join  the  trapezoid  body  or  the  superior  olivary  nucleus  of  the  same  side. 
From  the  superior  olivary  nucleus  of  the  same  and  opposite  sides  axons  join  the 
lateral  lemniscus.  Collaterals  and  probably  terminals  also  pass  from  the  lateral 
lemniscus  to  other  nuclei  in  its  path  and  receive  in  turn  axons  from  these  nuclei. 
They  are  the  accessory  nucleus,  the  medial  preolivary  nucleus,  the  lateral  pre- 
olivary  or  semilunar  nucleus  and  the  nucleus  of  the  lateral  lemniscus. 

The  trapezoid  body  consists  of  horizontal  fibers  in  the  ventral  part  of  the  formatio 
reticularis  of  the  lower  part  of  the  pons  behind  its  deep  transverse  fibers  and  the 
pyramid  bundles.  The  axons  come  from  the  dorsal  and  ventral  portions  of  the 
cochlear  nucleus.  After  crossing  the  raphe,  where  they  decussate  with  those  from 
the  opposite  side,  they  turn  upward  to  form  the  lateral  lemniscus.  Fibers  from  the 
striae  medullares  contribute  to  the  trapezoid  body,  in  addition  it  sends  terminals 
or  collaterals  to  and  receives  axons  from  the  superior  olivary  nucleus,  the  nucleus 
of  the  trapezoid  body,  the  lateral  preolivary  or  semilunar  nucleus  and  the  mesial 
preolivary  nucleus. 

The  cochlear  nucleus,  the  terminal  nucleus  for  the  nerve  of  hearing,  is  usually 
described  as  consisting  of  a  larger  dorsal  nucleus  on  the  dorsal  and  lateral  aspect  of 
the  inferior  peduncle  forming  a  prominent  projection,  the  acoustic  tubercle,  and  a 
ventral  or  accessory  cochlear  nucleus  more  ventral  to  the  inferior  peduncle.  The 
two  nuclei  are  continuous  and  are  merely  portions  of  one  large  nucleus.  The  axons 
from  cells  of  the  spiral  ganglion  of  the  cochlear  nerve  on  reaching  the  nucleus 
divide  into  ascending  and  descending  branches  which  enter  the  ventral  and  dorsal 
nuclei  respectively.  Axons  from  the  large  fusiform  cells  of  the  dorsal  nucleus  pass 
partly  by  w  ay  of  the  striae  medullares  to  the  trapezoid  body  and  lateral  lemniscus 
and  the  nuclei  associated  with  the  former,  and  partly  transversely  beneath  the 
inferior  peduncle  and  spinal  tract  of  the  trigeminal  to  the  trapezoid  body.  Axons 
from  the  ventral  cochlear  nucleus  pass  partly  by  the  striae  medullares  but  for  the 
most  part  horizontally  to  the  trapezoid  body. 

The  superior  olivary  nucleus  is  a  small  mass  of  gray  matter  situated  on  the  dorsal 
surface  of  the  lateral  part  of  the  trapezoid  body.  Some  of  its  axons  pass  backward 
to  the  abducent  nucleus,  this  bundle  is  known  as  the  peduncle  of  the  superior 
olivary  nucleus.  Other  fibers  from  the  nucleus  join  the  posterior  longitudinal 
bundle  and  terminate  in  the  nuclei  of  the  trochlear  and  oculomotor  nerves.  The 
majority  of  its  axons,  after  giving  off  collaterals  to  the  nucleus  itself  join  the  lateral 
lemniscus  of  the  same  side,  other  axons  pass  in  the  trapezoid  body  toward  the  ven¬ 
tral  portion  of  the  cochlear  nucleus. 

The  nucleus  of  the  trapezoid  body  lies  between  the  root  fibers  of  the  abducent  nerve 
and  the  superior  olivary  nucleus.  Its  cells  lie  among  the  fibers  of  the  trapezoid 
body.  In  it  terminate  fibers  and  collaterals  of  the  trapezoid  body  which  come 
from  the  cochlear  nucleus  of  the  opposite  and  probably  the  same  side  and  from  the 
opposite  trapezoid  nucleus.  They  terminate  in  the  nucleus  of  the  trapezoid  body 
in  diffuse  arborizations  and  peculiar  end  plaques  or  acoustic  calyces  of  yellowish 
color  which  fuse  writh  the  cell  bodies.  Its  cells  are  round  and  of  medium  size;  their 
axons  pass  into  the  trapezoid  body,  cross  the  median  line  and  probably  join  the 
lateral  fillet. 
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The  lateral  preolivary  or  semilunar  nucleus  lies  ventral  to  the  superior  olivary 
nucleus.  In  it  end  terminals  and  collaterals  of  the  trapezoid  body  and  probably 
fibers  of  the  opposite  cochlear  nucleus.  Its  axons  mingle  with  the  trapezoid  body 
and  join  the  lateral  fillet. 

The  mesial  preolivary  nucleus  is  in  contact  with  the  ventral  side  of  the  nucleus 
of  the  trapezoid  body.  It  receives  many  collaterals  from  the  trapezoid  body.  Its 
cells  are  smaller  than  those  of  the  trapezoid  nucleus,  their  axons  join  the  lateral 
fillet. 

The  lateral  lemniscus  ( lateral  fillet ),  the  continuation  upward  of  the  central  path 
of  hearing,  consists  of  fibers  which  come  from  the  cochlear  nuclei  of  the  same  and 
the  opposite  side  by  way  of  the  trapezoid  body  and  from  the  preolivary  nuclei.  It 
lies  in  the  ventral  or  ventro-lateral  part  of  the  reticular  formation  of  the  pons,  at 
first  ventral  then  lateral  to  the  median  fillet.  Above  the  pons  these  ascending  fibers 
come  to  the  surface  at  the  side  of  the  reticular  formation  in  the  trigonum  lemnisci 
and  are  covered  by  a  layer  of  ependyma.  This  part  of  the  lateral  lemniscus  is 
known  as  the  fillet  of  Beil.  On  reaching  the  level  of  the  inferior  colliculus  the  dorsal 
fibers  which  overlie  the  superior  peduncle  decussate  in  the  velum  medullare  anterius 
with  similar  fibers  of  the  opposite  side.  Numerous  small  masses  of  cells  are  scattered 
along  the  path  of  the  lateral  lemniscus  above  the  superior  olivary  nucleus  and  con¬ 
stitute  lower  and  upper  nuclei  of  the  lateral  lemniscus.  They  are  supplied  with 
many  collaterals  and  possibly  terminals  from  the  fibers  of  the  lemniscus.  The  axons 
of  the  low'er  nucleus  of  the  lateral  lemniscus,  which  arise  from  the  larger  stellate  or 
spindle-shaped  cells,  with  long,  smooth,  much  branched  dendrites,  are  said  by  some 
authors  to  join  the  lateral  lemniscus,  but  according  to  Cajal  they  pass  medially 
toward  the  raphe;  their  termination  is  unknown.  The  cells  of  the  upper  nucleus 
of  the  lateral  lemniscus  are  more  scattered.  The  same  uncertainty  exists  in  regard 
to  their  termination. 

The  fibers  of  the  lateral  lemniscus  end  by  terminals  or  collaterals  in  the  inferior 
colliculus  and  the  medial  geniculate  body.  A  few  of  the  fibers  are  said  to  pass  by 
the  inferior  colliculus  to  terminate  in  the  middle  portion  of  the  stratum  griseum  of 
the  superior  colliculus,  and  are  probably  concerned  with  reflex  movements  of  the 
eyes  depending  on  acoustic  stimuli. 

The  inferior  colliculi  ( lower  or  'posterior  quadrigeminal  bodies)  are  important 
auditory  reflex  centers.  Each  consists  of  a  compact  nucleus  of  gray  matter  covered 
by  a  superficial  white  layer  and  separated  from  the  central  gray  matter  about 
the  aqueduct  by  a  thin,  deep,  white  layer.  Many  of  the  axons  which  appear  in  the 
superficial  white  layer  ascend  through  the  inferior  brachium  to  the  medial  genicu¬ 
late  body.  Others  mainly  from  large  cells  in  the  dorso-mesial  part  of  the  nucleus 
pass  through  the  deep  white  layer  into  the  tegmentum  of  the  same  and  the  opposite 
side  and  descend.  Their  termination  is  unknown,  but  they  probably  constitute  an 
auditory  reflex  path  to  the  lower  motor  centers,  perhaps  descending  into  the  spinal 
cord  with  the  tectospinal  fasciculus.  Other  axons  are  said  to  descend  in  the  lateral 
lemniscus  to  the  various  nuclei  in  the  auditory  path  (Held)  and  probably  to  motor 
nuclei  of  the  medulla  and  spinal  cord. 

The  medial  geniculate  body  receives  terminals  and  collaterals  from  the  lateral 
lemniscus  (the  central  auditory  path)  and  also  large  numbers  of  axons  from  the 
inferior  colliculus  of  the  same  side  and  a  few  from  the  opposite  side.  It  is  thus  a 
station  in  the  central  auditory  path.  A  large  proportion  of  its  axons  pass  forward 
beneath  the  optic  tract  to  join  the  corona  radiata  and  then  sweep  backward  and 
lateralward  as  the  auditory  radiation  to  terminate  in  the  cortex  of  the  superior 
temporal  gyrus.  V.  Monakow  holds  that  Golgi  cells  type  II  are  interpolated  between 
the  terminations  of  the  incoming  fibers  to  the  medial  geniculate  body  and  the  cells 
located  there  which  give  rise  to  the  fibers  of  the  auditory  radiation.  The  medial 
geniculate  bodies  are  united  by  the  long,  slender  commissure  of  Gudden.  These 
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fibers  join  the  optic  tract  as  it  passes  over  the  edge  of  the  medial  geniculate  ami 
passes  through  the  posterior  part  of  the  optic  chiasma.  It  is  probably  a  commissure 
connected  with  the  auditory  system. 

The  Vestibular  Nerve  ( vestibular  root ,  17 II  cranial)  arise  from  the  bipolar  cells 
in  the  vestibular  ganglion  (Scarpa’s  ganglion).  The  peripheral  libers  end  in  the 
semicircular  canals,  the  saccule  and  the  utricle,  the  end-organs  concerned  with 
mechanism  for  the  maintenance  of  bodily  equilibrium.  The  central  fibers  enter 
the  medulla  oblongata  and  pass  between  the  inferior  peduncle  and  the  spinal  trait 
of  the  trigeminal.  They  bifurcate  into  ascending  and  descending  branches  as  do 
the  dorsal  root  fibers  of  ail  the  spinal  nerves  and  all  afferent  cranial  nerves.  The 
descending  branches  terminate  in  the  dorsal  (medial)  vestibular  nucleus,  the 
principal  nucleus  of  the  vestibular  nerve.  This  nucleus  is  prolonged  down  wan) 
into  a  descending  portion  in  which  end  terminals  and  collaterals  of  the  descending 
branch.  The  ascending  branches  pass  to  Peiters’s  nucleus,  to  Bechte row’s  nucleus 

and  through  the  inferior  peduncle 
of  the  cerebeUum  to  the  nucleus 
tecti  of  the  opposite  side. 

The  dorsal  vestibular  nucleus 
( medial  or  principal  nucleus)  is  a 
large  mass  of  small  ceils  in  the 
floor  of  the  fourth  ventricle  under 
the  area  acustica,  located  parti) 
in  the  medulla  and  partly  in  the 
pons.  The  strife  medullares  erc*>$ 
the  upper  part  of  it.  It  is  .sepa¬ 
rated  from  the  median  plane  by 
the  nucleus  intercalate.  Its  axons 
pass  into  the  posterior  longitudi¬ 
nal  bundle  of  the  same  and  the 
opposite  side  and  ascend  to  ter¬ 
minate  in  the  nucleus  abducens 
of  the  same  side  and  in  the  troch¬ 
lear  nucleus  and  the  oculo-motot 
nucleus  of  the  opposite  side,  and 
to  the  motor  nuclei  of  the  trigem¬ 
inal  on  both  sides.  The  descending 
portion,  the  nucleus  of  the  descend¬ 
ing  tract  extends  downward  as  far  as  the  upper  end  of  the  nucleus  gracilis,  and  the 
decussation  of  the  medial  lemniscus.  It  is  sometimes  called  the  inferior  vestibular 
nucleus.  Many  of  its  axons  cross  the  midline  and  probably  ascend  with  the  medial 
lemniscus  to  the  ventro-lateral  region  of  the  thalamus. 

The  lateral  vestibular  nucleus  (1) titers's  mwieus)  is  the  continuation  upward  and 
laterahvard  of  the  principal  nucleus,  and  in  it  terminate  many  of  the  ascending 
branches  of  the  vestibular  nerve.  It  consists  of  very  large  multijxdar  cells  who>t 
axons  form  an  important  part  of  the  posterior  longitudinal  bundle  of  the  same  and 
the  opposite  side.  The  axons  bifurcate  as  they  enter  the  posterior  longitudinal 
bundle,  the  ascending  branches  send  terminals  and  collaterals  to  the  motor  nuclei 
of  the  abducens,  trochlear  and  oculomotor  nerves,  and  are  concerned  in  coordinating 
the  movements  of  the  eyes  with  alterations  in  the  position  of  the  head ;  the  descending 
branches  pass  down  in  the  posterior  longitudinal  bundle  into  the  anterior  funiculus 
of  the  spinal  cord  as  the  vestibulospinal  fasciculus  (anterior  marginal  bundle)  and 
are  distributed  to  motor  nuclei  of  the  anterior  column  by  terminals  and  collaterals. 
Other  fibers  arc*  said  to  pass  directly  to  the  vestibulospinal  fasciculus  without 
passing  into  the  posterior  longitudinal  bundle.  The  fibers  which  pass  into  the 


Fro.  770.  —Terminal  nuclei  of  the  vestibular  nerve*  with  their 
upper  connections.  (Schematic.)  1.  Cochlear  nerve*  with  it* 
two^  nuclei.  2.  Acce*»ory  nucleus.  3.  TuberCulum  actisfcicum. 
4  Vestibui&r  nerve:  5.  Internal  nucleus.  6.  Nucleus  of  Deiters. 
7.  Nucleus  of  Becbterew.  8.  Inferior  or  descending  root  of 
acoustic.  9,  Ascending  cerebellar  fibers.  10.  Fibers  going  to 
raph6.  II.  Fibers  taking  an  oblique  course.  12.  Lemniscus.  13. 
Inferior  sensory  root  of  trigeminal,  M.  Cerebrospinal  fasciculus. 
15.  ltaphfe.  16.  Fourth  ventricle,  17.  Inferior  peduncle.  Origin 
of  striae  medu Hares.  (Testut.) 
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vestibulospinal  fasciculus  are  intimately  concerned  with  equilibratory  reflexes. 
Other  axons  from  Deiters’s  nucleus  are  supposed  to  cross  and  ascend  in  the  opposite 
medial  lemniscus  to  the  ventro-lateral  nuclei  of  the  thalamus;  still  other  fibers  pass 
into  the  cerebellum  with  the  inferior  peduncle  and  are  distributed  to  the  cortex  of 
the  vermis  and  the  roof  nuclei  of  the  cerebellum;  according  to  Cajal  they  merely 
pass  through  the  nucleus  fastigii  on  their  way  to  the  cortex  of  the  vermis  and  the 
hemisphere. 

The  superior  vestibular  nucleus  (. Bechterew’s  nucleus)  is  the  dorso-lateral  part  of 
the  vestibular  nucleus  and  receives  collaterals  and  terminals  from  the  ascending 
branches  of  the  vestibular  nerve.  Its  axons  terminate  in  much  the  same  manner 
as  do  those  from  the  lateral  nucleus. 

The  Facial  Nerve  ( VII  cranial )  consists  of  somatic  sensory,  sympathetic  afferent, 
taste,  somatic  motor  and  sympathetic  efferent  fibers.  The  afferent  or  sensory 
fibers  arise  from  cells  in  the  geniculate  ganglion.  This  portion  of  the  nerve  is  often 
described  as  the  nervus  intermedius. 

(1)  The  somatic  sensory  fibers  are  few  in  number  and  convey  sensory  impulses 
from  the  middle  ear  region.  Their  existence  has  not  been  fully  confirmed.  Their 
central  termination  is  likewise  uncertain,  it  is  possible  that  they  join  the  spinal 
tract  of  the  trigeminal  as  do  the  somatic  sensory  fibers  of  the  vagus  and  glosso¬ 
pharyngeal. 

(2)  The  sympathetic  afferent  fibers  are  likewise  few  in  number  and  of  unknown 
termination. 

(3)  Taste  fibers  convey  impulses  from  the  anterior  two-thirds  of  the  tongue  via 
the  chorda  tympani.  They  are  supposed  to  join  the  tractus  solitarius  and  termi¬ 
nate  in  its  nucleus.  The  central  connections  of  this  nucleus  have  already  been 
considered. 

(4)  Somatic  motor  fibers,  supplying  the  muscles  derived  from  the  hyoid  arch, 
arise  from  the  large  multipolar  cells  of  the  nucleus  of  the  facial  nerve.  This  nucleus 
is  serially  homologous  with  the  nucleus  ambiguus  and  lateral  part  of  the  anterior 
column  of  the  spinal  cord.  Voluntary  impulses  from  the  cerebral  cortex  are  con¬ 
veyed  by  terminals  and  collaterals  of  the  pyramidal  tract  of  the  opposite  side, 
indirectly,  that  is  with  the  interpolation  of  a  connecting  neuron,  to  the  facial 
nucleus.  This  nucleus  undoubtedly  receives  many  reflex  fibers  from  various 
sources,  i .  e.,  from  the  superior  colliculus  via  the  ventral  longitudinal  bundle 
(tectospinal  fasciculus)  for  optic  reflexes;  from  the  inferior  colliculus  via  the  auditory 
reflex  path;  and  indirectly  from  the  terminal  sensory  nuclei  of  the  brain-stem. 
Through  the  posterior  longitudinal  bundle  it  is  intimately  connected  with  other 
motor  nuclei  of  the  brain-stem. 

(5)  Sympathetic  efferent  fibers  ( preganglionic  fibers)  arise  according  to  some 
authors  from  the  small  cells  of  the  facial  nucleus,  or  according  to  others  from  a 
special  nucleus  of  cells  scattered  in  the  reticular  formation,  dorso-medial  to  the 
facial  nucleus.  This  is  sometimes  called  the  superior  salivatory  nucleus.  These 
preganglionic  fibers  are  distributed  partly  via  the  chorda  tympani  and  lingual  nerves 
to  the  submaxillary  ganglion,  thence  by  postganglionic  (vasodilator)  fibers  to  the 
submaxillary  and  sublingual  glands.  Some  of  the  preganglionic  fibers  pass  to  the 
sphenopalatine  ganglion  via  the  great  superficial  petrosal  nerve. 

The  Abducens  Nerve  (VI  cranial)  contains  somatic  motor  fibers  only  which 
supply  the  lateral  rectus  muscle  of  the  eye.  The  fibers  arise  from  the  nucleus  of 
the  abducens  nerve  and  pass  ventrally  through  the  formatio  reticularis  of  the  pons 
to  emerge  in  the  transverse  groove  between  the  caudal  edge  of  the  pons  and  the 
pyramid.  The  nucleus  is  serially  homologous  with  the  nuclei  of  the  trochlear  and 
oculomotor  above  and  with  the  hypoglossal  and  medial  part  of  the  anterior  column 
of  the  spinal  cord  below.  It  is  situated  close  to  the  floor  of  the  fourth  ventricle, 
just  above  the  level  of  the  striae  medullares.  Voluntary  impulses  from  the  cerebral 
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cortex  are  conducted  by  the  pyramidal  tract  fibers  (corticopontine  fibers).  These 
fibers  probably  terminate  in  relation  with  association  neurons  which  control  the 
coordinated  action  of  all  the  eye  muscles.  This  association  and  coordination 
mechanism  is  interposed  between  the  terminals  and  collaterals  of  the  voluntary 
fibers  and  the  neurons  within  the  nuclei  of  origin  of  the  motor  fibers  to  the  eye 
muscles.  The  fibers  of  the  posterior  longitudinal  bundle  are  supposed  to  play  an 
important  role  in  the  coordination  of  the  movements  of  the  eyeball.  Whether  it  is 
concerned  only  with  coordinations  between  the  vestibular  apparatus  and  the  eye 
or  with  more  extensive  coordinations  is  unknown.  Many  fibers  of  the  posterior 
longitudinal  bundle  have  their  origin  in  the  terminal  nuclei  of  the  vestibular  nerve 
and  from  the  posterior  longitudinal  bundle  many  collaterals  and  terminals  are 
given  off  to  the  abducent  nucleus  as  well  as  to  the  trochlear  and  oculomotor  nuclei. 
The  abducens  nucleus  probably  receives  collaterals  and  terminals  from  the  ventral 
longitudinal  bundle  (tectospinal  fasciculus) ;  fibers  which  have  their  origin  in  the 
superior  colliculus,  the  primary  visual  center,  and  are  concerned  with  visual  reflexes. 
Others  probably  come  from  the  reflex  auditory  center  in  the  inferior  colliculus  and 
from  other  sensory  nuclei  of  the  brain-stem. 

The  Trigeminal  Nerve  ( V  cranial)  contains  somatic  motor  and  somatic  sensory 
fibers.  The  motor  fibers  arise  in  the  motor  nucleus  of  the  trigeminal  and  pass 
ventro-laterally  through  the  pons  to  supply  the  muscles  of  mastication.  The  sensory 
fibers  arise  from  the  unipolar  cells  of  the  semilunar  ganglion;  the  peripheral  branches 
of  the  T-shaped  fibers  are  distributed  to  the  face  and  anterior  two-thirds  of  the 
head;  the  central  fibers  pass  into  the  pons  with  the  motor  root  and  bifurcate  into 
ascending  and  descending  branches  which  terminate  in  the  sensory  nuclei  of  the 
trigeminal. 

The  motor  nucleus  of  the  trigeminal  is  situated  in  the  upper  part  of  the  pons 
beneath  the  lateral  angle  of  the  fourth  ventricle.  It  is  serially  homologous  with 
the  facial  nucleus  and  the  nucleus  ambiguus  (motor  nucleus  of  the  vagus  and  glosso¬ 
pharyngeal)  which  belong  to  the  motor  nuclei  of  the  lateral  somatic  group.  The 
axons  arise  from  large  pigmented  multipolar  cells.  The  motor  nucleus  receives 
reflex  collaterals  and  terminals,  (1)  from  the  terminal  nucleus  of  the  trigeminal  of 
the  same  and  a  few  from  the  opposite  side,  via  the  central  sensory  tract  (trigemino¬ 
thalamic  tract);  (2)  from  the  mesencephalic  root  of  the  trigeminal;  (3)  from  the 
posterior  longitudinal  bundle;  (4)  and  probably  from  fibers  in  the  formatio  reticu¬ 
laris.  It  also  receives  collaterals  and  terminals  from  the  opposite  pyramidal  tract 
(corticopontine  fibers)  for  voluntary  movements.  There  is  probably  a  connecting 
or  association  neuron  interposed  between  these  fibers  and  the  motor  neurons. 

The  terminal  sensory  nucleus  consists  of  an  enlarged  upper  end,  the  main  sensory 
nucleus,  and  a  long  more  slender  descending  portion  which  passes  down  through 
the  pons  and  medulla  to  become  continuous  with  the  dorsal  part  of  the  posterior 
column  of  the  gray  matter  especially  the  substantia  gelatinosa  of  the  spinal  cord. 
This  descending  portion  consists  mainly  of  substantia  gelatinosa  and  is  called  the 
nucleus  of  the  spinal  tract  of  the  trigeminal  nerve. 

The  main  sensory  nucleus  lies  lateral  to  the  motor  nucleus  beneath  the  superior 
peduncle.  It  receives  the  short  ascending  branches  of  the  sensory  root.  The 
descending  branches  which  form  the  tr actus  spinalis,  pass  down  through  the  pons 
and  medulla  on  the  lateral  side  of  the  nucleus  of  the  tractus  spinalis,  in  which  they 
end  by  collaterals  and  terminals,  into  the  spinal  cord  on  the  level  of  the  second 
cervical  segment.  It  decreases  rapidly  in  size  as  it  descends.  At  first  it  is  located 
between  the  emergent  part  of  the  facial  nerve  and  the  vestibular  nerve,  then  between 
the  nucleus  of  the  facial  nerve  and  the  inferior  peduncle.  Lower  down  in  the  upper 
part  of  the  medulla  it  lies  beneath  the  inferior  peduncle  and  is  broken  up  into 
bundles  by  the  olivocerebellar  fibers  and  the  roots  of  the  ninth  and  tenth  cranial 
nerves.  Finally  it  comes  to  the  surface  of  the  medulla  under  the  tubercle  of 
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Rolando  and  continues  in  this  position  lateral  to  the  fasciculus  cuneatus  as  far  as 
the  upper  part  of  the  cervical  region  where  it  disappears. 

The  cells  of  the  sensory  nucleus  are  of  large  and  medium  size  and  send  their 
axons  into  the  formatio  reticularis  where  they  form  a  distinct  bundle,  the  central 
path  of  the  trigeminal  ( trigeminothalamic  tract),  which  passes  upward  through  the 
formatio  reticularis  and  tegmentum  to  the  ventro-lateral  part  of  the  thalamus. 
Most  of  the  fibers  cross  to  the  trigeminothalamic  tract  of  the  opposite  side.  This 
tract  lies  dorsal  to  the  medial  fillet;  approaches  close  to  it  in  the  tegmentum  and 
terminates  in  a  distinct  part  of  the  thalamus.  From  the  thalamus  impulses  are 
conveyed  to  the  somatic  sensory  area  of  the  cortex  by  axons  of  cells  in  the  thalamus 
through  the  internal  capsule  and  corona  radiata.  Many  collaterals  are  given  off 
in  the  medulla  and  pass  from  the  trigeminothalamic  tract  to  the  motor  nuclei, 
especially  to  the  nucleus  ambiguus,  the  facial  nucleus  and  the  motor  nucleus  of  the 
trigeminal. 

The  somatic  sensory  fibers  of  the  vagus,  the  glossopharyngeal  and  the  facial 
nerves  probably  end  in  the  nucleus  of  the  descending  tract  of  the  trigeminal  and 
their  cortical  impulses  are  probably  carried  up  in  the  central  sensory  path  of  the 
trigeminal. 

The  mesencephalic  root  (descending  .root  of  the  trigeminal)  arises  from  unipolar 
cells  arranged  in  scattered  groups  in  a  column  at  the  lateral  edge  of  the  central 
gray  matter  surrounding  the  upper  end  of  the  fourth  ventricle  and  the  cerebral 
aqueduct.  They  have  usually  been  considered  as  motor  fibers  that  join  the  motor 
root,  but  Johnston  claims  that  they  join  the  sensory  root  of  the  trigeminal,  that  they 
develop  in  the  alar,  not  in  the  basal  lamina,  and  that  the  pear-shaped  unipolar 
cells  are  sensory  in  type. 

The  Trochlear  Nerve  (IV  cranial)  contains  somatic  motor  fibers  only.  It  supplies 
the  superior  oblique  muscle  of  the  eye.  Its  nucleus  of  origin,  trochlear  nucleus, 
is  a  small,  oval  mass  situated  in  the  ventral  part  of  the  central  gray  matter  of  the 
cerebral  aqueduct  at  the  level  of  the  upper  part  of  the  inferior  colliculus.  The 
axons  from  the  nucleus  pass  downward  in  the  tegmentum  toward  the  pons,  but 
turn  abruptly  dorsalward  before  reaching  it,  and  pass  into  the  superior  medullary 
velum,  in  which  they  cross  horizontally,  to  decussate  with  the  nerve  of  the  opposite 
side,  and  emerges  from  the  surface  of  the  velum,  immediately  behind  the  inferior 
colliculus.  The  cells  of  the  trochlear  nucleus  are  large,  irregular  and  yellowish  in 
color.  The  nuclei  of  the  two  sides  are  separated  by  the  raphe  through  which 
dendrites  extend  from  one  nucleus  to  the  other.  They  receive  many  collaterals 
and  terminals  from  the  posterior  longitudinal  bundle  which  lies  on  the  ventral 
side  of  the  nucleus. 

There  are  no  branches  from  the  fibers  of  the  pyramidal  tracts  to  these  nuclei; 
the  volitional  pathway  must  be  an  indirect  one,  as  is  the  case  with  other  motor 
nuclei. 

The  Oculomotor  Nerve  (III  cranial)  contains  somatic  motor  fibers  to  the  Obliquus 
inferior,  Rectus  inferior,  Rectus  superior,  Levator  palpebrae  superioris  and  Rectus 
medialis  muscles  and  sympathetic  efferent  fibers  (preganglionic  fibers)  to  the 
ciliary  ganglion.  The  postganglionic  fibers  connected  with  these  supply  the  ciliary 
muscle  and  the  sphincter  of  the  iris.  The  axons  arise  from  the  nucleus  of  the 
oculomotor  nerve  and  pass  in  bundles  through  the  posterior  longitudinal  bundle, 
the  tegmentum,  the  red  nucleus  and  the  medial  margin  of  the  substantia  nigra  in  a 
series  of  curves  and  finally  emerge  from  the  oculomotor  sulcus  on  the  medial  side 
of  the  cerebral  peduncle. 

The  oculomotor  nucleus  lies  in  the  gray  substance  of  the  floor  of  the  cerebral 
aqueduct  subjacent  to  the  superior  colliculus  and  extends  in  front  of  the  aqueduct 
a  short  distance  into  the  floor  of  the  third  ventricle.  The  inferior  end  is  continuous 
with  the  trochlear  nucleus.  It  is  from  6  to  10  mm.  in  length.  It  is  intimately 
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related  to  the  posterior  longitudinal  bundle  which  lies  against  its  veutro-latml 
aspect  and  many  of  its  cells  lie  among  the  fibers  of  the  posterior  longitudinal  bundle. 
The  nucleus  of  the  oculomotor  nerve  contains  several  distinct  groups  of  cells  which 
differ  in  size  and  appearance  from  each  other  and  are  supposed  to  send  their  axons 
each  to  a  separate  muscle.  Much  uncertainty  still  exists  as  to  which  group  supplies 
which  muscle.  There  are  seven  of  these  groups  or  nuclei  on  either  side  of  the  raid- 
line  and  one  medial  nucleus.  The  cells  of  the  anterior  nuclei  are  smaller  and  are 
supposed  to  give  off  the  sympathetic  efferent  axons.  The  majority  of  fibers  arise 
from  the  nucleus  of  the  same  side  some,  however,  cross  from  the  opposite  side  and 
are  supposed  to  supply  the  Rectus  medialis  muscle.  Since  oculomotor  and  abdueens 
nuclei  are  intimately  connected  by  the  posterior  longitudinal  bundle  this  decussa¬ 
tion  of  fibers  to  the  Medial  rectus  may  facili¬ 
tate  the  conjugate  movements  of  the  eves  in 
which  the  Medial  and  Lateral  recti  are  espe¬ 
cially  involved.  The  nucleus  of  Edinger-Wesfc 
phal  is  supposed  to  give  origin  to  the  sympa¬ 
thetic  efferent  fibers. 

Many  collaterals  and  terminals  are  given  off 
to  the  oculomotor  nucleus  from  the  posterior 
longitudinal  bundle  and  thus  connect  it  with 
the  vestibular  nucleus,  the  trochlear  and  ab- 
ducens  nuclei  and  probably  with  other  cranial 
nuclei.  Fibers  from  the  visual  reflex  center  in 
the  superior  colliculus  pass  to  the  nucleus.  It 
is  also  connected  with  the  cortex  of  the  occip¬ 
ital  lobe  of  the  cerebrum  by  fibers  which 
pass  through  the  optic  radiatiou.  The  path¬ 
way  for  voluntary  motor  impulses  is  probably 
similar  to  that  for  the  abducent  nerve. 

The  Optic  Nerve  or  Nerve  of  Sight  (llcnmid) 
consists  chiefly  of  coarse  fibers  which  arise 
from  the  ganglionic  layer  of  the  retina.  They 
constitute  the  third  neuron  in  the  series  com¬ 
posing  the  visual  path  and  are  supposed  to 
convey  only  visual  impressions.  A  number  of 
fine  fibers  also  pass  in  the  optic  nerve  from 
the  retina  to  the  primary  centers  and  are  sup¬ 
posed  to  be  concerned  in  the  pupillary  re¬ 
flexes.  There  are  in  addition  a  few  fibers  which 
pass  from  the  brain  to  the  retina;  they  arc  sup¬ 
posed  to  control  chemical  changes  in  the  retina  and  the  movements  of  the  pigment 
ceils  and  cones.  Each  optic  nerve  has,  according  to  Salzer,  about  500,000  fibers. 

In  the  optic  chiasma  the  nerves  from  the  media!  half  of  each  retina  cross  to  enter 
the  opposite  optic  tract,  while  the  nerves  from  the  lateral  half  of  each  retina  pass 
into  the  optic  tract  of  the  same  side,  The  crossed  fibers  tend  to  occupy  the  medial 
side  of  each  optic  nerve,  but  in  the  chiasma  and  in  the  optic  tract  they  are  more 
intermingled.  The  optic  tract  is  attached  to  the  tuber  cinereum  and  lamina 
terminal  is  and  also  to  the  cerebral  peduncle  as  it  crosses  obliquely  over  its  under 
surface.  These  arc*  not  functional  connections.  A  small  band  of  fibers  from  the 
medial  geniculate  body  joins  the  optic  tract  as  the  latter  passes  over  it  and  crosses 
to  the  opposite  tract  and  medial  geniculate  body  in  the  posterior  part  of  the  chiasma. 
This  is  the  commissure  of  Gudden  ami  is  probably  connected  with  the  auditory 
system. 

Most  of  the  fibers  of  the  optic  tract  terminate  in  the  lateral  geniculate  body, 
some  pass  through  the  superior  brachium  to  the  superior  colliculus,  and  others 


Fia.  7$0 — Figure  showing  the  different  groups 
of  cells.  which  constitute,  according  to  Perlia, 
i ho  nucleus  of  origin  of  the  oculomotor  nerve. 
1.  Posterior  dorsal  nucleus  t*.  Posterior  ven¬ 
tral  nucleus.  2.  Anterior  dorsal  nucleus,  2'.  Ante¬ 
rior  ventral  nucleus.  3.  Central  nucleus.  4. 
Nucleus  ofEdinger  and  Westphal.  o.  Antero* 
internal  nucleus  $  Antero-extemal  nucleus.  8. 
Croswsed  fibers  9.  Trochlear  nerve,  with  9",  its 
nucleus  of  origin,  and  9",  its  decussation.  10. 
Third  ventricle.  A f,  M.  Median  line.  (Testut.) 
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decussate  across  the  midline  to  the  opposite  colliculus.  Other  fibers  from  the 
superior  brachium  pass  into  the  stratum  opticum  (upper  gray-white  layer).  Some 
of  these  turn  upward  into  the  gray  cap  while  others  terminate  among  the  cells 
of  this  layer.  Since  the  superior  colliculi  appear  to  be  the  central  organs  con¬ 
cerned  in  the  control  of  eye-muscle  movements  and  eve-muscle  reflexes  we  should 
expect  to  find  them  receiving  fibers  from  other  sensory  paths.  Many  fibers  pass  to 
the  superior  colliculus  from  the  medial  fillet  as  the  latter  passes  through  the  teg¬ 
mentum  bringing  the  superior  colliculus  into  relation  with  the  sensory  fibers  of  the 
spinal  cord.  Fibers  from  the  central  sensory  path  of  the  trigeminal  probably  pass 
with  these.  Part  of  the  ventral  spinocerebellar  tract  (Gowers)  is  said  to  pass  up 
through  the  reticular  formation  of  the  pons  and  mid-brain  toward  the  superior 
colliculus  and  the  thalamus.  The  superior  colliculus  is  intimately  connected  with 
the  central  auditory  path  (the  lateral  lemniscus),  as  part  of  its  fibers  pass  the 
inferior  colliculus  and  terminate  in  the  superior  colliculus.  They  are  probably 
concerned  with  reflex  movements  of  the  eyes  depending  on  auditory  stimuli.  The 
superior  colliculus  is  said  to  receive  fibers  from  the  stria  medullaris  thalamis  of 
the  opposite  side  which  pass  through  the  commissura  habenulae  and  turn  back 
to  the  roof  of  the  mid-brain,  especially  to  the  superior  colliculus.  By  this  path 
both  the  primary  and  cortical  olfactory  centers  are  brought  into  relation  with  the 
eye-muscle  reflex  apparatus. 

The  fibers  which  pass  to  the  nuclei  of  the  eye  muscles  arise  from  large  cells  in 
the  stratum  opticum  and  stratum  lemnisci  and  pass  around  the  ventral  aspect 
of  the  central  gray  matter  where  most  of  them  cross  the  midline  in  the  fountain 
decussation  of  Meynert,  and  then  turn  downward  to  form  the  ventral  longitudinal 
bundle.  This  bundle  runs  down  partly  through  the  red  nucleus,  in  the  formatio 
reticularis,  ventral  to  the  posterior  longitudinal  bundle  of  the  mid-brain,  pons  and 
medulla  oblongata  into  the  ventral  funiculus  of  the  spinal  cord  where  it  is  known 
as  the  tectospinal  fasciculus.  Some  of  the  fibers  are  said  to  pass  down  with  the 
rubrospinal  tract  in  the  lateral  funiculus.  Some  fibers  do  not  decussate  but  pass 
down  in  the  ventral  longitudinal  bundle  of  the  same  side  on  which  they  arise  unless 
possibly  they  come  from  the  opposite  colliculus  over  the  aqueduct.  From  the 
ventral  longitudinal  bundle  collaterals  are  given  off  to  the  nuclei  of  the  eye  muscles, 
the  oculomotor,  the  trochlear  and  the  abducens.  Many  collaterals  pass  to  the  red 
nucleus,  and  are  probably  concerned  with  the  reflexes  of  the  rubrospinal  tract. 
The  fibers  of  the  tectospinal  tract  end  by  collaterals  and  terminals  either  directly 
or  indirectly  among  the  motor  cells  in  the  anterior  column  of  the  spinal  cord. 

The  superior  colliculus  receives  fibers  from  the  visual  sensory  area  of  the  occipital 
cortex;  they  pass  in  the  optic  radiation.  Probably  no  fibers  pass  from  the  superior 
colliculus  to  the  visual  sensory  cortex. 

The  Olfactory  Nerves  (/  cranial)  or  nerves  of  smell  arise  from  spindle-shaped 
bipolar  cells  in  the  surface  epithelium  of  the  olfactory  region  of  the  nasal  cavity. 
The  non-medullated  axons  pass  upwrard  in  groups  through  numerous  foramina  in 
the  cribriform  plate  to  the  olfactory"  bulb;  here  several  fibers,  each  ending  in  a  tuft 
of  terminal  filaments,  come  into  relation  with  the  brush-like  end  of  a  single  den¬ 
drite  from  a  mitral  cell.  This  interlacing  gives  rise  to  the  olfactory  glomeruli  of  the 
bulb.  The  termination  of  several  or  many  olfactory"  fibers  in  a  single  glomerulus 
where  they  form  synapses  with  the  dendrites  of  one  or  two  mitral  cells  provides  for 
the  summation  of  stimuli  in  the  mitral  cells  and  accounts  in  part  at  least  for  the 
detection  by  the  olfactory  organs  of  very  dilute  solutions.  Lateral  arborizations 
of  the  dendrites  of  the  mitral  cells  and  the  connection  of  neighboring  glomeruli  by 
the  axons  of  small  cells  of  the  glomeruli  and  the  return  of  impulses  of  the  mitral 
cells  by  collaterals  either  directly  or  through  the  interpolation  of  granule  cells  to  the 
dendrites  of  the  mitral  cells  reinforce  the  discharge  of  the  mitral  cells  along  their 
axons.  The  axons  turn  abruptly  backward  in  the  deep  fiber  lay'er  of  the  bulb  to 
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form  the  olfactory  tract.  The  olfactory  tract  is  continued  into  the  olfactory 
trigone,  just  in  front  of  the  anterior  perforated  substance.  The  axons  of  the  mitral 
cells  on  reaching  the  olfactory  trigone  separate  into  three  bundles,  the  lateral 
olfactory  stria,  the  medial  olfactory  stria  and  the  less  marked  intermedial  olfactory 
stria. 

The  lateral  olfactory  stria  curve  lateralward,  a  few  of  the  fibers  end  in  the 
olfactory  trigone  and  the  antero-lateral  portion  of  the  anterior  perforated  substance. 
Most  of  the  fibers,  however,  pass  into  the  uncus,  the  anterior  end  of  the  hippo¬ 
campal  gyrus,  and  there  end  in  the  complicated  cortex  of  the  hippocampal  gyri. 
The  lateral  stride  more  or  less  disappear  as  they  cross  the  antero-lateral  region  of 
the  anterior  perforated  substance. 

The  greater  mass  of  the  fibers  of  the  olfactory  tract  pass  into  the  lateral  stria. 
Numerous  collaterals  are  given  into  the  plexiform  layer  of  the  subfrontal  cortex, 
over  which  the  strife  pass  on  their  way  to  the  uncus,  where  they  intermingle  with 
the  apical  dendrons  of  the  medium-sized  and  small  pyramidal  cells  of  the  pyramidal 
layer  of  this  subfrontal  or  frontal  olfactory  cortex.  The  axons  give  rise  to  projection 
fibers  which  take  an  antero-posterior  direction  to  the  subthalamic  region  sending 
collaterals  and  terminal  branches  to  the  stria  medullaris  and  others  toward  the 
thalamus.  Some  of  the  fibers  extend  farther  back  and  are  believed  to  reach  the 
pons  and  medulla  oblongata. 

Most  of  the  fibers  of  the  lateral  olfactory  stria  pass  to  the  hippocampal  region 
of  the  cortex,  especially  to  the  gyrus  hippocampi,  which  may  be  regarded  as  the 
main  ending  place  of  the  secondary  olfactory  path  derived  from  axons  of  the  mitral 
cells. 

The  fibers  of  the  medial  olfactory  strim  terminate  for  the  most  part  in  the  par¬ 
olfactory  area  (. Broca's  area),  a  few  end  in  the  subcallosal  gyrus  and  a  few  in  the 
anterior  perforated  substance  and  the  adjoining  part  of  the  septum  pellucidum. 
Some  of  the  fibers  pass  into  the  anterior  commissure  (pars  olfactoria)  to  the  olfac¬ 
tory  tract  of  the  opposite  side  where  they  end  partly  within  the  granular  layer 
and  partly  in  the  neighborhood  of  the  glomeruli  of  the  olfactory  bulb,  thus  con¬ 
necting  the  bulbs  of  the  two  sides. 

The  intermediate  olfactory  stria  are  as  a  rule  scarcely  visible,  the  fibers  terminate 
in  the  anterior  perforated  substance,  a  few  are  said  to  continue  to  the  uncus. 

The  trigonum  olfactorium,  anterior  perforated  substance  and  the  adjoining 
part  of  the  septum  pellucidum  are  important  primary  olfactory  centers,  especially 
for  olfactory  reflexes;  in  these  centers  terminate  many  axons  from  the  mitral  cells 
of  the  olfactory  bulb.  In  addition  the  gray  substance  of  the  olfactory  tract  and  the 
gyrus  subcallosus  receive  terminals  of  the  mitral  cells. 

The  pathways  from  these  centers  to  lower  centers  in  the  brain-stem  and  spinal 
cord  are  only  partially  known.  The  most  direct  path,  the  tractus  olfactomesen- 
cephalicus  {basal  olfactory  bundle  of  Wallenburg ),  is  supposed  to  arise  from  cells  in 
the  gray  substance  of  the  olfactory  tract,  the  olfactory  trigone,  the  anterior  per¬ 
forated  substance  and  the  adjoining  part  of  the  septum  pellucidum.  The  fibers 
are  said  to  pass  direct  to  the  tuber  cinereum,  to  the  corpus  mammillare,  to  the  brain¬ 
stem  and  the  spinal  cord.  The  fibers  which  enter  the  mammillary  body  probably 
come  into  relation  with  cells  whose  axons  give  rise  to  the  fasciculus  mammillo- 
tegmentalis  {mammillo-tegmental  bundle  of  Gudden )  which  is  supposed  to  end  in 
the  gray  substance  of  the  tegmentum  and  of  the  aqueduct;  some  of  its  fibers  are 
said  to  join  the  posterior  longitudinal  bundle  and  others  to  extend  as  far  as  the 
reticular  formation  of  the  pons. 

Some  of  the  fibers  of  the  medial  olfactory  stria  came  into  relation  with  cells 
in  the  parolfactory  area  of  Broca  and  in  the  anterior  perforated  substance,  whose 
axons  course  in  the  medullary  stria  of  the  thalamus.  As  the  axons  pass  through 
the  lower  part  of  the  septum  pellucidum  they  are  joined  by  other  fibers  whose  cells 
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receive  impulses  from  the  mitral  cells.  These  fibers  of  the  medullary  stria  end  for 
the  most  part  in  the  habenular  nucleus  of  the  same  side,  some,  however,  cross  in  the 
habenular  commissure  (dorsal  part  of  the  posterior  commissure)  to  the  habenular 
nucleus  of  the  opposite  side.  A  few  fibers  of  the  medullary  stria  are  said  to  pass 
by  the  habenular  nucleus  to  the  roof  of  the  mid-brain,  especially  the  superior  col¬ 
liculus,  while  a  few  others  come  into  relation  with  the  posterior  longitudinal  bundle 
and  association  tracts  of  the  mesencephalon. 

The  ganglion  of  the  habenulae  located  in  the  trigonum  habenulae  just  in  front  of 
the  superior  colliculus  contains  a  mesial  nucleus  with  small  cells  and  a  lateral 
nucleus  with  larger  cells.  The  axons  of  these  cells  are  grouped  together  in  a  bundle, 
the  fasciculus  retrofiexus  of  Meynert,  which  passes  ventrally  medial  to  the  red 
nucleus  and  terminates  in  a  small  medial  ganglion  in  the  substantia  perforata 
posterior,  immediately  in  front  of  the  pons,  called  the  interpeduncular  ganglion. 

The  interpeduncular  ganglion  has  rather  large  nerve  cells  whose  axons  curve 
backward  and  downward  as  the  tegmental  bundle  of  Gudden,  to  end  partly  in  the 
dorsal  tegmental  nucleus  and  surrounding  gray  substance  where  they  come  into 
relation  with  association  neurons  and  the  dorsal  longitudinal  bundle  of  Schiitz. 

The  majority  of  the  axons  that  arise  from  the  mitral  cells  of  the  olfactory  bulb 
and  course  in  the  olfactory  tract  course  in  the  lateral  olfactory  stria  to  the  uncus 
and  hippocampal  gyrus,  and  terminate  in  the  cortex.  Other  fibers  probably  pass 
to  the  uncus  and  hippocampal  gyrus  from  the  primary  olfactory7  centers  in  the 
trigonum  and  anterior  perforated  substance.  The  gyrus  hippocampus  is  continued 
through  the  isthmus  into  the  gyrus  cinguli  which  passes  over  the  corpus  callosum  to 
the  area  parolfactoria.  The  cortical  portions  of  these  gyri  are  connected  together 
by  a  thick  association  bundle,  the  cingulum,  that  lies  buried  in  the  depth  of  the 
gyrus  cinguli  extending  forward  to  the  parolfactory  area  and  backward  into  the 
hippocampal  region.  The  axons  from  the  gyrus  cinguli  pas3  into  the  cingulum, 
many  of  them  bifurcate,  the  anterior  branches  together  with  the  axons  which  run 
in  that  direction  are  traceable  as  far  forward  as  the  anterior  part  of  the  septum 
pellucidum  and  the  anterior  end  of  the  corpus  striatum,  where  some  of  them  are 
incorporated  with  projection  fibers  passing  toward  the  internal  capsule.  The 
branches  and  axons  which  pass  backward  terminate  partly  in  the  hippocampus, 
the  dentate  gyrus  and  hippocampal  gyrus.  Shorter  association  fibers  connect 
various  sections  of  the  gyrus  fomicatus  (cingulate  gyrus,  isthmus,  and  hippocampal 
gyrus)  and  these  with  other  regions  of  the  cortex.  These  gyri  constitute  the  cortical 
center  for  smell. 

The  dentate  gyrus  which  may  be  considered  as  a  modified  part  of  tl*e  hippo¬ 
campus  is  partially  separated  from  the  gyrus  hippocampus  by  the  hippocampal  fis¬ 
sure  and  from  the  fimbria  by  the  fimbrio-dentate  sulcus;  it  is  intimately  connected 
with  the  hippocampal  gyrus  and  the  hippocampus.  When  followed  backward  the 
dentate  gyrus  separates  from  the  fimbria  at  the  splenium,  loses  its  incisious  and 
knobs,  and  as  the  fasciola  cinerea  passes  over  the  splenium  onto  the  dorsal  surface 
of  the  corpus  callosum  and  spreads  out  into  a  thin  layer  of  gray  substance  known 
as  the  indusium,  which  can  be  traced  forward  around  the  genu  of  the  corpus 
callosum  into  the  gyrus  subcallosus.  The  white  matter  of  the  indusium  known 
as  the  medial  longitudinal  stride  ( nerves  of  Lancisi)  and  the  lateral  longitudinal  striae, 
are  related  to  the  indusium  somewhat  as  the  cingulum  is  to  the  gyrus  cinguli. 
Axons  from  the  indusium  pass  into  the  longitudinal  striae,  some  running  forward 
and  others  backward  while  some  after  entering  the  medial  longitudinal  stria,  pierce 
the  corpus  callosum  to  join  the  fornix.  Some  of  the  fibers  which  pass  forward 
extend  around  the  front  of  the  corpus  callosum  and  the  anterior  commissure,  then 
curve  downward,  according  to  Cajal,  to  enter  the  corpus  striatum  where  they  join 
the  olfactory  projection-path.  Other  fibers  are  said  to  arise  in  the  parolfactory 
area,  the  gyrus  subcallosus  and  the  anterior  perforated  substance  (diagonal  band  oj 
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Broca)  and  course  backward  in  the  longitudinal  striae  to  the  dentate  gyrus  and 
the  hippocampal  region.  The  indusium  is  usually  considered  as  a  rudimentary 
part  of  the  rhinencephalon. 

The  olfactory  projection  fibers  which  arise  from  the  pyramid  cells  of  the  uncus  and 
hippocampus  and  from  the  polymorphic  cells  of  the  dentate  gyrus  form  a  dense 
stratum  on  the  ventricular  surface,  especially  on  the  hippocampus,  called  the  alveus. 
These  fibers  pass  over  into  the  fimbria  and  are  continued  into  the  fornix.  About 
one-fourth  of  all  the  fibers  of  the  fimbria  are  large  projection  fibers,  the  other  three- 
fourths  consist  of  fine  commissural  fibers  which  pass  from  the  hippocampus  of  one 
side  through  the  fimbria  and  hippocampal  commissure  {ventral  psalterium  or  lyre ), 
to  the  fimbria  and  hippocampus  of  the  opposite  side  where  they  penetrate  the  pyram¬ 
idal  layer  and  terminate  in  the  stratum  radiatum.  The  fibers  which  course  in  the 
fornix  pass  forward  and  downward  into  the  corpora  mammillare  where  numerous 
collaterals  are  given  off  and  a  few  terminate.  Most  of  the  fibers  in  the  fornix, 
however,  pass  through  the  corpora,  cross  the  middle  line  and  turn  downward  in 
the  reticular  formation  in  which  they  are  said  to  be  traceable  as  far  as  the  pons  and 
possibly  farther.  As  the  fornix  passes  beneath  the  corpus  callosum  it  receives 
fibers  from  the  longitudinal  striae  of  the  indusium  and  from  the  cingulum;  these  are 
the  perforating  fibers  of  the  fornix  which  pass  through  the  corpus  callosum  and 
course  in  the  fornix  toward  the  mammillary  body.  As  the  fornix  passes  the  anterior 
end  of  the  thalamus  a  few  fibers  are  given  off  to  the  stria  medullaris  of  the  thalamus 
and  turn  back  in  the  stria  to  the  habenular  ganglion  of  the  same  and  the  opposite 
side,  having  probably  the  same  relation  that  the  reflex  fibers  have  which  arise  from 
the  primary  centers  and  course  in  the  stria  medullaris  of  the  thalamus.  Aside  from 
the  fibers  of  the  fornix  which  pass  through  the  mammillary  body  to  decussate  and 
descend  (as  the  mammillo-mesencephalic  fasciculus),  many  fibers  are  said  to  pass 
into  the  bundle  of  Vicq  d’Axyr,  and  one  bundle  of  fibers  is  said  to  pass  from  the 
fornix  to  the  tuber  cinereum. 

The  mammillary  bodies  receive  collaterals  and  terminals  then  from  the  cortical 
centers  via  the  fornix  and  probably  other  collaterals  and  terminals  are  received 
directly  from  the  primary  centers  through  the  tractus  olfactomesencephalicus. 
According  to  Cajal  fibers  also  reach  the  mammillary  body  through  the  peduncle 
of  the  corpus  mammillare  from  the  arcuate  fibers  of  the  tegmentum  and  from  the 
main  fillet.  The  fornix  probably  brings  the  cortical  centers  into  relation  with  the 
reflex  path  that  runs  from  the  primary  centers  to  the  mammillary  body  and  the 
tuber  cinereum. 

The  bundle  of  Vicq  d'Axyr  {rnammillo-thalamic  fasciculus)  arises  from  cells  in  both 
the  medial  and  lateral  nuclei  of  the  mammillary  body  and  by  fibers  that  are  directly 
continued  from  the  fornix.  There  axons  divide  within  the  gray  matter;  the  coarser 
branches  pass  into  the  anterior  nucleus  of  the  thalamus  as  the  bundle  of  Vicq  d’Azyr, 
the  finer  branches  pass  downward  as  the  mammillo-tegmental  bundle  of  Gudden. 
The  bundle  of  Vicq  d’Azyr  spreads  out  fan-like  as  it  terminates  in  the  anterior 
or  dorsal  nucleus  of  the  thalamus.  A  few  of  the  fibers  pass  through  the  dorsal 
nucleus  to  the  angular  nucleus  of  the  thalamus.  The  axons  from  these  nuclei  are 
supposed  to  form  part  of  the  thalamocortical  system. 

The  mammillo-tegmental  bundle  has  already  been  considered  under  the  olfactory 
reflex  paths. 

The  amygdaloid  nucleus  and  the  taenia  semicircularis  ( stria  terminalis)  probably 
belong  to  the  central  olfactory  apparatus.  The  taenia  semicircularis  extends  from 
the  region  of  the  anterior  perforated  substance  to  the  nucleus  amygdalae.  Its 
anterior  connections  are  not  clearly  understood.  Fibers  are  said  to  arise  from  cells 
in  the  anterior  perforated  substance;  some  of  the  fibers  pass  in  front  of  the  anterior 
commissure,  others  join  the  fornix  for  a  short  distance  as  they  pass  behind  the 
anterior  commissure.  The  two  strands  ultimately  join  to  form  the  taenia  and  pass 
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backward  in  the  groove  between  the  caudate  nucleus  and  the  thalamus  to  the  1 
amygdaloid  nucleus.  Other  fibers  are  said  to  pass  in  the  opposite  direction  from 
the  amygdaloid  nucleus  to  the  thalamus. 

PATHWAYS  FROM  THE  BRAIN  TO  THE  SPINAL  CORD. 

The  descending  fasciculi  which  convey  impulses  from  the  higher  centers  to  the 
spinal  cord  and  located  in  the  lateral  and  ventral  funiculi. 

The  Motor  Tract  (Fig.  782),  conveying  voluntary  impulses,  arises  from  the 
pyramid  cells  situated  in  the  motor  area  of  the  cortex,  the  anterior  central  and  the 
posterior  portions  of  the  frontal  gyri  and  the  paracentral  lobule.  The  fibers  are 
at  first  somewhat  widely  diffused,  but  as  they  descend  through  the  corona  radiata 
they  gradually  approach  each  other,  and  pass  between  the  lentiform  nucleus  and 
thalamus,  in  the  genu  and  anterior  two-thirds  of  the  occipital  part  of  the  inter¬ 
nal  capsule;  those  in  the  genu  are  named  the  geniculate  fibers,  while  the  remainder 
constitute  the  cerebrospinal  fibers;  proceeding  downward  they  enter  the  middle 
three-fifths  of  the  base  of  the  cerebral  peduncle.  The  geniculate  fibers  cross  the 
middle  line,  and  end  by  arborizing  around  the  cells  of  the  motor  nuclei  of  the  cra¬ 
nial  nerves.  The  cerebrospinal  fibers  are  continued  downward  into  the  pyramids 
of  the  medulla  oblongata,  and  the  transit  of  the  fibers  from  the  medulla  oblongata 
is  effected  by  two  paths.  The  fibers  nearest  to  the  anterior  median  fissure  cross 
the  middle  line,  forming  the  decussation  of  the  pyramids,  and  descend  in  the 
opposite  side  of  the  medulla  spinalis,  as  the  lateral  cerebrospinal  fasciculus  (crossed 
; pyramidal  tract).  Throughout  the  length  of  the  medulla  spinalis  fibers  from  this 
column  pass  into  the  gray  substance,  to  terminate  either  directly  or  indirectly 
around  the  motor  cells  of  the  anterior  column.  The  more  laterally  placed  portion  of 
the  tract  does  not  decussate  in  the  medulla  oblongata,  but  descends  as  the  anterior 
cerebrospinal  fasciculus  (direct  'pyramidal  tract) ;  these  fibers,  however,  end  in  the  ante¬ 
rior  gray  column  of  the  opposite  side  of  the  medulla  spinalis  by  passing  across  in  the 
anterior  white  commissure.  There  is  considerable  variation  in  the  extent  to  which 
decussation  takes  place  in  the  medulla  oblongata  ;  about  two-thirds  or  three-fourths 
of  the  fibers  usually  decussate  in  the  medulla  oblongata  and  the  remainder  in  the 
medulla  spinalis. 

The  axons  of  the  motor  cells  in  the  anterior  column  pass  out  as  the  fibers  of  the 
anterior  roots  of  the  spinal  nerves,  along  which  the  impulses  are  conducted  to  the 
muscles  of  the  trunk  and  limbs. 

From  this  it  will  be  seen  that  all  the  fibers  of  the  motor  tract  pass  to  the  nuclei 
of  the  motor  nerves  on  the  opposite  side  of  the  brain  or  medulla  spinalis,  a  fact 
which  explains  why  a  lesion  involving  the  motor  area  of  one  side  causes  paralysis 
of  the  muscles  of  the  opposite  side  of  the  body.  Further,  it  will  be  seen  that  there 
is  a  break  in  the  continuity  of  the  motor  chain;  in  the  case  of  the  cranial  nerves 
this  break  occurs  in  the  nuclei  of  these  nerves;  and  in  the  case  of  the  spinal  nerves, 
in  the  anterior  gray  column  of  the  medulla  spinalis.  For  clinical  purposes  it  is 
convenient  to  emphasize  this  break  and  divide  the  motor  tract  into  two  portions: 

(1)  a  series  of  upper  motor  neurons  which  comprises  the  motor  cells  in  the  cortex 
and  their  descending  fibers  down  to  the  nuclei  of  the  motor  nerves;  (2)  a  series 
of  lower  motor  neurons  which  includes  the  cells  of  the  nuclei  of  the  motor  cerebral 
nerves  or  the  cells  of  the  anterior  columns  of  the  medulla  spinalis  and  their  axis- 
cylinder  processes  to  the  periphery. 

The  rubrospinal  fasciculus  arises  from  the  large  cells  of  the  red  nucleus.  The  fibers 
cross  the  raphe  of  the  mid-brain  in  the  decussation  of  Forel  and  descend  in  the 
formatio  reticularis  of  the  pons  and  medulla  dorsal  to  the  medial  lemniscus  and  as 
they  pass  into  the  spinal  cord  come  to  lie  in  a  position  ventral  to  the  crossed  pyram¬ 
idal  tracts  in  the  lateral  funiculus.  The  rubrospinal  fibers  end  either  directly  or 


PATHWAYS  FROM  THE  BRAIN  TO  THE  SPINAL  CORD 


indirectly  by  terminals  and  collaterals  about  the  motor  cells  in  the  anterior  column 
on  the  side  opposite  from  their  origin  in  the  red  nucleus.  A  few  are  said  to  pass 
down  on  the  same  side.  Since  the  red  nucleus  is  intimately  related  to  the  cerebellum 
by  terminals  and  collaterals  of  the  superior  peduncle  which  arises  in  the  dentate 
nucleus  of  the  cerebellum,  the  rubrospinal  fasciculus  is  supposed  to  be  concerned 
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-The  motor  tract.  (Modified  from  Poirier.) 


with  cerebellar  reflexes,  complex  motor  coordinations  necessary  in  locomotion  and 
equilibrium.  The  afferent  paths  concerned  in  these  reflexes  have  already  been 
partly  considered,  namely,  the  dorsal  and  ventral  spinocerebellar  fasciculi,  and 
probably  some  of  the  fibers  of  the  posterior  funiculi  which  reach  the  cerebellum  by 
the  inferior  peduncle. 

The  tectospinal  fasciculus  arises  from  the  superior  colliculus  of  the  roof  (tectum) 
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of  the  mid-brain.  The  axons  come  from  large  cells  in  the  stratum  opticum  and 
stratum  lemnisci  and  sweep  ventrally  around  the  central  gray  matter  of  the  aque¬ 
duct,  cross  the  raphe  in  the  fountain  decussation  of  Meynert  and  turn  downward 
in  the  tegmentum  in  the  ventral  longitudinal  bundle.  Some  of  the  fibers  do  not 
-cross  in  the  raphe  but  pass  down  on  the  same  side;  it  is  uncertain  whether  they  come 
from  the  superior  colliculus  of  the  same  side  or  arch  over  the  aqueduct  from  the 
•colliculus  of  the  opposite  side.  The  tectospinal  fasciculus  which  comprises  the 
major  part  of  the  ventral  longitudinal  bundle  passes  do wn  through  the  tegmentum 
and  reticular  formation  of  the  pons  and  medulla  oblongata  ventral  to  the  medial 
longitudinal  bundle.  In  the  medulla  the  two  bundles  are  more  or  less  intermingled 
and  the  tectospinal  portion  is  continued  into  the  antero-lateral  funiculus  of  the 
spinal  cord  ventral  to  the  rubrospinal  fasciculus  with  which  some  of  its  fibers  are 
intermingled.  Some  of  the  fibers  of  the  tectospinal  fasciculus  pass  through  the  red 
nucleus  giving  off  collaterals  to  it,  others  are  given  off  to  the  motor  nuclei  of  the 
cranial  nerves  and  in  the  spinal  cord  they  terminate  either  directly  or  indirectly 
by  terminals  and  collaterals  among  the  nuclei  of  the  anterior  column.  Since  the 
superior  colliculus  is  an  important  optic  reflex  center,  this  tract  is  probably  con¬ 
cerned  in  optic  reflexes;  and  possibly  also  with  auditory"  reflexes  since  some  of  the 
fibers  of  the  central  auditory  path,  the  lateral  lemniscus,  terminate  in  the  superior 
colliculus. 

The  vestibulospinal  fasciculus  ( part  of  the  anterior  marginal  fasciculus  or  Locicen- 
thaVs  tract)  situated  chiefly  in  the  marginal  part  of  the  anterior  funiculus  is  mainly 
derived  from  the  cells  of  the  terminal  nuclei  of  the  vestibular  nerve,  probably 
Deiters’s  and  Bechterew’s,  and  some  of  its  fibers  are  supposed  to  come  from  the 
nucleus  fastigius  (roof  nucleus  of  the  cerebellum).  The  latter  nucleus  is  intimately 
connected  with  Dieters’s  and  Bechterew’s  nuclei.  The  vestibulospinal  fasciculus 
is  concerned  with  equilibratory  reflexes.  Its  terminals  and  collaterals  end  about 
the  motor  cells  in  the  anterior  column.  It  extends  to  the  sacral  region  of  the  cord. 
Its  fibers  are  intermingled  with  the  ascending  spinothalamic  fasciculus,  with  the 
anterior  proper  fasciculus  and  laterally  with  the  tectospinal  fasciculus.  Its  fibers 
are  supposed  to  be  both  crossed  and  uncrossed.  In  the  brain-stem  it  is  associated 
with  the  dorsal  longitudinal  bundle. 

The  pontospin&l  fasciculus  ( Bechterew )  arises  from  the  cells  in  the  reticular  forma¬ 
tion  of  the  pons  from  the  same  and  the  opposite  side  and  is  associated  in  the  brain¬ 
stem  with  the  ventral  longitudinal  bundle.  In  the  cord  it  is  intermingled  with  the 
fibers  of  the  vestibulospinal  fasciculus  in  the  anterior  funiculus.  Not  much  is  known 
about  this  tract. 

There  are  probably  other  descending  fasciculi  such  as  the  thalamospinal  but  not 
much  is  known  about  them. 

MENINGES  OF  THE  BRAIN  AND  MEDULLA  SPINALIS. 

The  brain  and  medulla  spinalis  are  enclosed  within  three  membranes.  These 
are  named  from  without  inward:  the  dura  mater,  the  arachnoid,  and  the  pit  miter. 

The  Dura  Mater. 

The  dura  mater  is  a  thick  and  dense  inelastic  membrane.  The  portion  which 
encloses  the  brain  differs  in  several  essential  particulars  from  that  which  surrounds 
the  medulla  spinalis,  and  therefore  it  is  necessary  to  describe  them  separately; 
but  at  the  same  time  it  must  be  distinctly  understood  that  the  two  form  one  com¬ 
plete  membrane,  and  are  continuous  with  each  other  at  the  foramen  magnum. 

The  Cranial  Dura  Mater  {dura  mater  encephali;  dura  of  the  brain)  lines  the 
interior  of  the  skull,  and  serves  the  twrofold  purpose  of  an  internal  periosteum 
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to  the  bones,  And  a  meoibrune  far  the  protectsoB  of  the  brain.  It  is  composed  of 
two  layers ,  aft  imief  or  'meningeal  and  Art  outer  or  endosteal,  •  closely  connected 
together,  except  in .  ceriahy  situations,  where,  as  already  dftscrilml  (page  TioHp 
they  separate  to  form  sinuses  for  the  passage  of  venous  blood.  'Its  oti ter  surface 
is  rough  and  fibrillated.  ami  adheres  closely  to  the  iiiiier  surfaces  pt  the,  Semes, 
the  adhesions  being  most  marked  opposite  the  sutures  and  at  the  base  of  the  skull 
its  Inner  surface  is  stoopth  arid  lilted  by  a  layer  of  eridpthelmm,  ft  iasfttfe.ihW’^rd 
four  processes  winch  divide  the  cavity  of  the  skull  into  a  series  of  freely  communicat¬ 
ing  compartments,  for  the  lodgement  and  protection  of  the  diiferetit  parts  of  the. 
brain;  and  it  is  prolonged  t<>  the  outer  surface  of  the  skuil,  through  the  various 
foramina  which  cost  at  the  base,  and  thus  becomes  eonthniotis  wifh  the  peri¬ 
cranium;  its  fibrous  layer  forms  sheath*  for  the  nerves  which  pass  through  these 
aperture?.  Around  the  margin  of  the  foramen  magnum  it  is  closely  adherent  to 
the  bone,  and  is  continuous  with  the  spinal  dura  mater 
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Processe@.—Tiie  processes  hf  the  cranial  dura  mater,  which  projects  into  the 
cavity  of  the  skuJf,  arc  formed,  by  reduplications  of  the  inner  or  meningeal  layer 
of  the  nj'ein.brane,  and  are  four  in -number:  the  falx  cerebri,  the  teataiiom cerebelli, 
the  falx  corcbelli,  and  (he  diaphragma  aellae,  by 
The iatx  cerebri,  (Pig.  7&t).  so  named  frotri  irs  sickle-like  form,  is  ft  strong,  arched 
process  vv(ud>.  descends .vertically  if  the  Iptsgitudinal  fissure  between  the  cerebral 
kemtsplrcrcs.  It  is  narrow  in  front,  where  it  is  attached  to  the  crista  g;d!i  of  the 
iethuimd:  and  broad  behind.,  where  it  is  connected  with  the  upper  surface  of  the 
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tentorium  eerefcdliu  Its  upper  margin  .is  convex,  and  attached  to  the  inher  surface 
*f  the  skull  in  the  middle  fine,  as  far  hawk  as  the  internal  occipital'  pruuiiierame; 
it  contains  the  btiiperier  sagittal  sim.irj,  Its  lower  margin  is  free  .and  -concave,  and 
caotnm:>  the  inferior  v.  \  ’  v-"; 

The  tentorium  ftetehelU  (Rg.  7s4)  arched  lamina,  elevated  in  the  middle, 
anti  inehuiug  4ownn^trd  iow  ard  the  circumference.  It  covers  the  superior  surface 
of  the  ecfebeilurn,  and  supports  the.  occipital -lobes  of  the  brain.  Its  anterior  border 
is  free  and  cfipcave,  hod  bounds  a  large  oval  opening,  the  iociisttra  tentorii,  for  the 
transmission  of  the  cerebrid  peduncles.  It  is  attached,  behind,  by  it  s  convex  huntler* 
to  the  trarisverstv  ridges  upon  the  inner  surface  of  the  occipital  hone,  and  there 
encloses  the  transverse  sinu.se.->:  m  front-,  to  the  superior  angle  of  the ’petrous  part 
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of  the  temporal  bone  on  either  side 
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d,itliepsr|it?us  part  ofthe  temporal  fmhethe  free  ami  attached  herders 
idiwjti  andv  t>t^«ftkortfe^idth|ff.^ are  i^itMiyed  forward  to  bejSxed  to.  the  foiwrint 
and  posterior  ciindul  processes  respects \  dy.  To  the  middle  line  of  its  upper  surface 
tbe  posterior  border  of  the  falx  cerebri  is  uttswhed,  the  straight  sinus  being  pla<«d’ 
tot  their  line  of  junction. 

The  falx  terebelli  is  a  small  triangular  process  of  dura  mater,  receiyt'd-  into  the 
posterior  cerebellar  notch.  Its  base  is  attached,  above,  to  the  under  ami  hack  part 
of  the  tc<mormm;  its  posterior  margin,  to  the  loner  division  of  the  verth  .1)  ftesk 
bn  the  inper  surface  pf  the  uecipitai  hope;  As  it$dsi^nd$,  it  sfop^ripics  divides 
into  two  smaik-r  folds,  Which  are  fust  on  the  sides  of  the  foramen  rnugnuiu. 

The  diaphragma  3ell®  is «  small  circular  horizontal  fold,  which  foofo  in  the  sella 
tUmcu  arid  almost  com ( th?tel,v  covers  the- .  hypophy ;  a  small  bentntl  upKpmg 
transmits  the  iofundihidnm.  A.  ,  ,  ,  . 
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Structure — Th<*  crania)  dura  mater  consists  of  white  fihroug  tiftiue  and  clastic  film*  arranged 
m  flattened  ;)amma&  which  are  .'imperfectly  separated  by  lacunar  spaaed  a»xd  hfooii  v«#tela 
two  layers.,  andosteal  anti  meningBal.  The  endosteal  ikyer  is  the  internal  pertot^um  Tor  liter 
cranial  booes,  and  contains  the  bJoodvessels  for  their  supply.  At  the  margin  of  the  forget a 
magmin^  ifc  la  »?uhiuaxious  with  the  periosteum  lining  the  rtartehra?  tmiiL  The  m*a&.*ftai«c 
supporting  layer  is  lifted  on  its  inner  surface  by  a  layer  of  nuctoted  flattened  mcsotkrifozn, 
similar  to  that  found  on  serous  inwnbran^;  . : ,  .  .  • 

The  arteries  of  the  dura  mater  art*  \^ry  uummu3^v1hfasu  iri  the  anterior  fossa  are  the  .anterior 
menmgi'aJ  branches'  of.  the  anterior*  and  pmurlov  ethmoidal  and  intern ai  carotid,  and  a  branch 
from  the  middle  mmiirsKzid:  Those  m  the  middte  fo^a  are  the  middle  and  accessory  niemngea) 
of  the  internal  nmrilWy;  a  branch  from  the  oscendiag  pharyngeal,  which  enters  the  skull  through 
the  foramen  beemm;'  branchy  from  the  internal  carotid*  and  a  tfcxiireut  branch  from  the  lacrit&ai. 
Those  in  the.  posterior  fossa  are  inemugeal  hi&wji&i  from^fo  oeripjt&ly  one.  entering  the  skull 
through  the  jugular  foramen,  and  anotb^r  through  the  mastoid  foraimm ;  the  posterior  meningeal 
from  the  \terteS$&j  <»ccaritfh&i  meningeal  hiwches  from  th»^:  ascending  phtvynge al,  entering  the 
•tfktiii  through  th^  jugular  fornmen  and  ii^Qgloap&l  'ean&I?  arid  u  f rom  ihg 

The  vtftoM  returning  the  blood  from  the  cranial  dura  mater,  nn^tom^se  wrth  the  diploic  veins 
and  end  in  the  various  8fo.iim>r.  Many  of  the  mmi^wiv&ns  di^tly'.fofeTferi.ttuses, 

but  indirectly  through  a  series  of  ampulla,  ternied  vftnoos  lacuna.  The$$ are  found  du  either 
aide  of  the  aupcrior  sagittal  sthus!  -especiaUy  near  it^sr  middle  portion* aiy  l  are  often  inya&a# ted 
by  arachnoid  gT^ulatiofts;  they'  4tfso  exist ;  near.  .the  traheycr«e;'.aiid[  fetnugbt  fumtefcs*  They 
comm utiieate  with  the  underiymg  terrf)ral  ond  afeb  with  the  dipioi^  Htid  enmwy  veme. 

Tlae  aerves  of  the  <fram'al  dura  mater  are  filament  s  iron*  the  ^indimar  gnugliow,  fro  in  the 
ophthdkaie,  ra&ritt&iy,  roaiullbuUr,  h^jpo^loa^l.  from*  the  eympathetac. 

The  '^Rbsal'' Burst  Mater  {dyra  mater  gpiiMiu:  srrhwldura)  (Fig.  7 si,)  forms  & 
Iwse  sheatth  artwmd  the  meduhaipinaUs,  aijilfepresenisoiilytheitmerorojejxtngea} 
layer  of 'the  cranial  dura  mater  ;  the  outer  or  cu^Msteat  layer  ceases  at  the  foramen 
magnum,  its  pket*  being  taken  by  the  periosteum'  Ijrtmy  the  vertebral  canal.  The 
spinal  dura  mater  is  separated  from  the  arachnoid  by  a  potential  cavity,  the  sub¬ 
dural  cavity;  the  two  membranes  arc.  in  fact,  in  contact  with  each:  other,  except 
where  they  are  separated  by  a  nunute  quantity  of 
fluid.,  which  serves  to  moisten  the  apposed  surfaces. 

It  is  separated  :  fibrn  the  wall  of  the  Vertebral  canal 
by  a  Space,  the  epidural  space,  which  contains  a  quan¬ 
tity  of  loose  «w<j»r  tissue  Und  a  plemis  of  veins;  the 
situation  of  these  vein?,  between  the  dura  mater  and 
the  periosteum  of.  the  vertebra’  corresponds  therefore 
to  that,  of  the  cmniai  sinuses  between  the  meningeal 
and  endosteal  layers  of  the  cranial  darn  mater.  The 
spinal  dura  ir»3 ter  :is  attached  to  the  circumference  of 
the  foramen  mogmitn,  and  to  theseenm]  and  third 
cervical  vertebra;;  it  is  also  connected  to  the  pos¬ 
terior  longitudinal  ligament.  tn^r  the  lower 

end  of  ih&  vertebral  canal,  by'  fibF.OBS  BHjj$.  The 
subdural  cavity  ends  at  thc  lrover  bortk’f  of  t-be  second 
sacra!  vertebra;  below  this  level  the  dura  triftter  closely 
invests  the  fihiro  terminale-  and  de-scemb  to  tie  bach  of 
the  coccyx,  where  blends  with  the  periosteum.  The 
sheath  of  dura  mater  is  much  larger  than  is  necessary 
for  the  accommodation  ofits.  txm  terns,  and  its  sixe  is; 
greater  in  the  cervical  and  lumbar  regions  than  in 
the  thoracic.  On  each  side  may  be  seen  the  double 
openings  which  transmit  the  two  rootscjf  the  corre¬ 
sponding  spinal  nerve,  the  dura  mater  being  continued 
in  the  form  of  tubular  proliiiigatioas  on  them  as  they  pass  through  the  interverte¬ 
bral  foramina.  These  prrilnrtgatitioa  are  short  ip  the  Ujtpm’  Part-  of  the  vertebral 
column,  but  ^tadusilly  become  longer  below,  forming  a  member  of  tulip*  of  fibrous 
membrane,  which  enclose  the  lower  spitta.1  iprvfcS'iiad  are  eolltaii»M.ju  the  verte¬ 
bral  canal.  ...  .  -  .  ;  ,  '  ’ 
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Structure. — The  spinal  dura  mater  resembles  in  structure  the  meningeal  or  supporting  layer 
of  the  cranial  dura  mater,  consisting  of  white  fibrous  and  elastic  tissue  arranged  in  bands  or 
lamellse  which,  for  the  most  part,  are  parallel  with  one  another  and  have  a  longitudinal  arrange¬ 
ment.  Its  internal  surface  is  smooth  and  covered  by  a  layer  of  mesothelium.  It  is  sparingly 
supplied  with  bloodvessels,  and  a  few  nerves  have  been  traced  into  it. 


The  Arachnoid. 

* 

The  arachnoid  is  a  delicate  membrane  enveloping  the  brain  and  medulla  spinalis 
and  lying  between  the  pia  mater  internally  and  the  dura  mater  externally;  it  is 
separated  from  the  pia  mater  by  the  subarachnoid  cavity,  which  is  filled  with 
cerebrospinal  fluid. 

The  Cranial  Part  {arachnoidea  encephali)  of  the  arachnoid  invests  the  brain 
loosely,  and  does  not  dip  into  the  sulci  between  the  gyri,  nor  into  the  fissures,  with 
the  exception  of  the  longitudinal.  On  the  upper  surface  of  the  brain  the  arachnoid 
is  thin  and  transparent;  at  the  base  it  is  thicker,  and  slightly  opaque  toward  the 
central  part,  where  it  extends  across  between  the  two  temporal  lobes  in  front 
of  the  pons,  so  as  to  leave  a  considerable  interval  between  it  and  the  brain. 

The  Spinal  Part  ( arachnoidea  spinalis)  of  the  arachnoid  is  a  thin,  delicate,  tubular 
membrane  loosely  investing  the  medulla  spinalis.  Above ,  it  is  continuous  with 
the  cranial  arachnoid;  below ,  it  widens  out  and  invests  the  cauda  equina  and  the 
nerves  proceeding  from  it.  It  is  separated  from  the  dura  mater  by  the  subdural 
space,  but  here  and  there  this  space  is  traversed  by  isolated  connective-tissue 
trabeculae,  which  are  most  numerous  on  the  posterior  surface  of  the  medulla  spinalis. 

The  arachnoid  surrounds  the  cranial  and  spinal  nerves,  and  encloses  them 
in  loose  sheaths  as  far  as  their  points  of  exit  from  the  skull  and  vertebral  canal. 

Structure. — The  arachnoid  consists  of  bundles  of  white  fibrous  and  elastic  tissue  intimately 
blended  together.  Its  outer  surface  is  covered  with  a  layer  of  low  cuboidal  mesothelium.  The 
inner  surface  and  the  trabecula?  are  likewise  covered  by  a  somewhat  low  type  of  cuboidal  meso¬ 
thelium  which  in  places  are  flattened  to  a  pavement  type.  Vessels  of  considerable  size,  but  few 
in  number,  and,  according  to  Bochdalek,  a  rich  plexus  of  nerves  derived  from  the  motor  root 
of  the  trigeminal,  the  facial,  and  the  accessory  nerves,  are  found  in  the  arachnoid. 

The  Subarachnoid  Cavity  {cavum  svbarachnoideale;  subarachnoid  space)  is  the 
interval  between  the  arachnoid  and  pia  mater.  It  is  occupied  by  a  spongy  tissue 
consisting  of  trabeculae  of  delicate  connective  tissue,  and  intercommunicating 
channels  in  which  the  subarachnoid  fluid  is  contained.  This  cavity  is  small  on  the 
surface  of  the  hemispheres  of  the  brain;  on  the  summit  of  each  gyrus  the  pia  mater 
and  the  arachnoid  are  in  close  contact;  but  in  the  sulci  between  the  gyri,  triangular 
spaces  are  left,  in  which  the  subarachnoid  trabecular  tissue  is  found,  for  the  pia 
mater  dips  into  the  sulci,  whereas  the  arachnoid  bridges  across  them  from  gyrus  to 
gyrus.  At  certain  parts  of  the  base  of  the  brain,  the  arachnoid  is  separated  from  the 
pia  mater  by  wide  intervals,  which  communicate  freely  with  each  other  and  are 
named  subarachnoid  cisterna;  in  these  the  subarachnoid  tissue  is  less  abundant. 

Subarachnoid  Cistern©  {cistemce  subarachnoidales)  (Fig.  786). —  The  cistern* 
cerebellomedullaris  ( cistema  magna)  is  triangular  on  sagittal  section,  and  results 
from  the  arachnoid  bridging  over  the  interval  between  the  medulla  oblongata 
and  the  under  surfaces  of  the  hemispheres  of  the  cerebellum;  it  is  continuous 
with  the  subarachnoid  cavity  of  the  medulla  spinalis  at  the  level  of  the  foramen 
magnum.  The  cistema  pontis  is  a  considerable  space  on  the  ventral  aspect  of  the 
pons.  It  contains  the  basilar  artery,  and  is  continuous  behind  with  the  subarach¬ 
noid  cavity  of  the  medulla  spinalis,  and  with  the  cisterna  cerebellomedullaris; and 
in  front  of  the  pons  with  the  cisterna  interpeduncularis.  The  cistema  interpedunen- 
laris  {cistema  basalis)  is  a  wide  cavity  where  the  arachnoid  extends  across  between 
the  two  temporal  lobes.  It  encloses  the  cerebral  peduncles  and  the  structures 
contained  in  the  interpeduncular  fossa,  and  contains  the  arterial  circle  of  Willis. 
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In  front,  the  cisterna  interpeduncularis  extends  forward  across  the  optic  chiasma, 
forming  the  cisterna  chiasmatis,  and  on  to  the  upper  surface  of  the  corpus  callosum, 
for  the  arachnoid  stretches  across  from  one  cerebral  hemisphere  to  the  other  immedi¬ 
ately  beneath  the  free  border  of  the  falx  cerebri,  and  thus  leaves  a  space  in  which 
the  anterior  cerebral  arteries  are  contained.  The  cisterna  foss®  cerebri  lateralis  is 
formed  in  front  of  either  temporal  lobe  by  the  arachnoid  bridging  across  the  lateral 
fissure.  This  cavity  contains  the  middle  cerebral  artery.  The  cisterna  ven® 
magn®  cerebri  occupies  the  interval  between  the  splenium  of  the  corpus  callosum 
and  the  superior  surface  of  the  cerebellum;  it  extends  between  the  layers  of  the  tela 
chorioidea  of  the  third  ventricle  and  contains  the  great  cerebral  vein. 


Fig.  7S& — Diagram  allowing  the  positions  of  the  three  principal  subarachnoid  cistern®. 

The  subarachnoid  cavity  communicates  with  the  general  ventricular  cavity 
of  the  brain  by  three  openings;  one,  the  foramen  of  Majendie,  is  in  the  middle  line 
at  the  inferior  part  of  the  roof  of  the  fourth  ventricle;  the  other  two  are  at  the 
extremities  of  the  lateral  recesses  of  that  ventricle,  behind  the  upper  roots  of  the 
glossopharyngeal  nerves  and  are  known  as  the  foramina  of  Luschka.  It  is  still  some¬ 
what  uncertain  whether  these  foramina  are  actual  openings  or  merely  modified  areas 
of  the  inferior  velum  which  permit  the  passage  of  the  cerebrospinal  fluid  from  the 
ventricle  into  the  subarachnoid  spaces  as  through  a  permeable  membrane. 

The  spinal  part  of  the  subarachnoid  cavity  is  a  very  wide  interval,  and  is  the 
largest  at  the  lower  part  of  the  vertebral  canal,  where  the  arachnoid  encloses 
the  nerves  which  form  the  cauda  equina.  Above,  it  is  continuous  with  the  cranial 
subarachnoid  cavity  ;  below,  it  ends  at  the  level  of  the  lower  border  of  the  second 
sacral  vertebra.  It  is  partially  divided  by  a  longitudinal  septum,  the  subarachnoid 
septum,  wThich  connects  the  arachnoid  with  the  pia  mater  opposite  the  posterior 
median  sulcus  of  the  medulla  spinalis,  and  forms  a  partition,  incomplete  and  cribri¬ 
form  above,  but  more  perfect  in  the  thoracic  region.  The  spinal  subarachnoid 
cavity  is  further  subdivided  by  the  ligamentum  denticulatum,  w  hich  will  be  described 
with  the  pia  mater. 

The  cerebrospinal  fluid  is  a  clear  limpid  fluid,  having  a  saltish  taste,  and  a  slightly  alkaline 
reaction.  According  to  Lassaigne,  it  consists  of  98.5  parts  of  water,  the  remaining  1.5  per  cent, 
being  solid  matters,  animal  and  saline.  It  varies  in  quantity,  being  most  abundant  in  old  persons, 
and  is  quickly  eecrete^p^ 
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The  Arachnoid  Villi  {gramdaticmcs  arachnoideales ;  glandular  Pacchioni;  Pacchio¬ 
nian  bodies)  (Fig.  787)  are  small,  fleshy-looking  elevations,  usually  collected  into 
clusters  of  variable  size,  which  are  present  upon  the  outer  surface  of  the  dura 
mater,  in  the  vicinity  of  the  superior  sagittal  sinus,  and  in  some  other  situations. 
Upon  laying  open  the  sagittal  sinus  and  the  venous  lacunae  on  either  side  of  it 
villi  will  be  found  protruding  into  its  interior.  They  are  not  seen  in  infancy, 
and  very  rarely  until  the  third  year.  They  are  usually  found  after  the  seventh 
year;  and  from  this  period  they  increase  in  number  and  size  as  age  advance?. 
They  are  not  glandular  in  structure,  but  are  enlarged  normal  villi  of  the  arach¬ 
noid.  As  they  grow  they  push  the  thinned  dura  mater  before  them,  and  cause 
absorption  of  the  bone  from  pressure,  and  so  produce  the  pits  or  depression* 
on  the  inner  wall  of  the  calvarium. 
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-Diagrammatic  representation  of  a  section  acroee  the  top  of  the  skull,  showing  the  membranes*  oi  tfc* 
brain,  etc.  (Modified  from  Tea  tut  ) 


Structure. — An  arachnoidal  villus  represent*  an  -invasion  of  the  dura  by  the  arachnoid  mem¬ 
brane,  the  latter  penetrates  the  dura  in  such  a  manner  that  the  arachnoid  rnesothelial  cells  come 
to  lie  directly  beneath  the  vascular  endothelium  of  the  great  dural  sinuses,  it  consists  id  tbc 
following  parts:  (1)  In  the  interior  is  a  core  of  subarachnoid  tissue,  continuous  with  the  mcsh- 
work  of  the  general  subarachnoid  tissue  through  a  narrow  pedicle,  by  which  the  villus  is  a* taclud 
to  the  arachnoid.  (2)  Around  this  tissue  is  a  layer  of  arachnoid  membrane,  limiting  and  enclosing 
the  subarachnoid  tissue.  (3)  Outside  this  is  the  thinned  wall  of  the  lacuna,  which  is  separated 
from  the  arachnoid  by  a  potential  space  which  corresponds  to  and  is  continuous  with  the  suWurai 
cavity.  (4)  And  finally,  if  the  villus  projects  into  the  sagittal  sinus,  it  will  be  covered  by  the 
greatly  t  hinned  wail  of  the  sinus  which  may  consist  merely  of  endothelium.  It  will  be  sevu.  then'- 
fore,  that  fluid  injected  into  the  subarachnoid  cavity  will  find  its  way  into  these  villi,  and  it  ha? 
been  found  experimentally  that,  it  passes  from  the  villi  into  the  venous  sinuses  into  which  they 
project. 

The  Pia  Mater. 

The  pia  mater  is  a  vascular  membrane,  consisting  of  a  minute  plexus  of  blood¬ 
vessels,  held  together  by  an  extremely  fine  areolar  tissue  and  covered  by  a  reflexion 
of  the  mesotheliai  cells  from  the  arachnoid  trabeculae.  It  is  an  incomplete  mem- 
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brane,  absent  probably  at  the  foramen  of  Majendie  and  the  two  foramina  of  Luschka 
and  perforated  in  a  peculiar  manner  by  all  the  bloodvessels  as  they  enter  or  leave 
the  nervous  system.  In  the  perivascular  spaces*  the  pia  apparently  enters  as  a 
mesothelial  lining  of  the  outer  surface  of  the  space;  a  variable  distance  from  the 
exterior  these  cells  become  unrecognizable  and  are  apparently  lacking,  replaced  by 
neuroglia  elements.  The  inner  walls  of  these  perivascular  spaces  seem  likewise 
covered  for  a  certain  distance  by  the  mesothelial  cells,  reflected  with  the  vessels 
from  the  arachnoid  covering  of  these  vascular  channels  as  they  traverse  the  sub¬ 
arachnoid  spaces. 

The  Cranial  Pia  Mater  (pia  mater  encephali;  pia  of  the  brain)  invests  the  entire 
surface  of  the  brain,  dips  between  the  cerebral  gyri  and  cerebellar  lamina,  and  is 
invaginated  to  form  the  tela  chorioidea  of  the  third  ventricle,  and  the  choroid 
plexuses  of  the  lateral  and  third  ventricles  (pages  846  and  S47);  as  it  passes  over 
the  roof  of  the  fourth  ventricle,  it  forms  the  tela  chorioidea  and  the  choroid 
plexuses  of  this  ventricle.  On  the  cerebellum  the  membrane  is  more  delicate;  the 
vessels  from  its  deep  surface  are  shorter,  and  its  relations  to  the  cortex  are  not 
so  intimate. 


The  Spinal  Pia  Mater  ( pia  mater  spinalis;  pia  of  the  cord)  (Figs.  785,  78S)  is 
thicker,  firmer,  and  less  vascular  than  the  cranial  pia  mater:  this  is  due  to  the  fact 
that  it  consists  of  two  layers,  the  outer  or  additional  one  being  composed  of  bundles 
of  connective-tissue  fibers,  arranged  for  the  most  part  longitudinally.  Between 
the  layers  are  cleft-like  spaces  which  communicate  with  the  subarachnoid  cavity, 
and  a  number  of  bloodvessels  which  are  enclosed  in  peri  vascular  lymphatic  sheaths. 
The  spinal  pia  mater  covers  the  entire  surface  of  the  medulla  spinalis,  and  is  very 
intimately  adherent  to  it;  in  front  it  sends  a  process  backward  into  the  anterior 
fissure.  A  longitudinal  fibrous  band,  called  the  linea  splendens,  extends  along  the 
middle  line  of  the  anterior  surface;  and  a  somewhat  similar  band,  the  ligamentum 
denticulatum,  is  situated  on  either  side.  Below  the  conus  medullaris,  the  pia  mater 
is  continued  as  a  long,  slender  filament  (filum  terminate),  which  descends  through 
the  center  of  the  mass  of  nerves  forming  the  cauda  equina.  It  blends  with  the 
dura  mater  at  the  level  of  the  lower  border  of  the  second  sacral  vertebra,  and  extends 
downward  as  far  as  the  base  of  the  coccyx,  where  it  fuses  with  the  periosteum.  It 
assists  in  maintaining  the  medulla  spinalis  in  its  position  during  the  movements 
of  the  trunk,  and  is,  from  this  circumstance,  called  the  central  ligament  of  the 
medulla  spinalis. 

The  pia  mater  forms  sheaths  for  the  cranial  and  spinal  nerves;  these  sheaths 
are  closely  connected  with  the  nerves,  and  blend  with  their  common  membranous 
investments. 
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The  lig&mentam  denticnl&tum  (dentate  ligament)  (Fig.  785)  is  a  narrow  fibrous 
band  situated  on  either  side  of  the  medulla  spinalis  throughout  its  entire  length, 
and  separating  the  anterior  from  the  posterior  nerve  roots.  Its  medial  border  is 
continuous  with  the  pia  mater  at  the  side  of  the  medulla  spinalis.  Its  lateral 
border  presents  a  series  of  triangular  tooth-like  processes,  the  points  of  which  are 
fixed  at  intervals  to  the  dura  mater.  These  processes  are  twenty-one  in  number, 
on  either  side,  the  first  being  attached  to  the  dura  mater,  opposite  the  margin 
of  the  foramen  magnum,  between  the  vertebral  artery  and  the  hypoglossal  nerve; 
and  the  last  near  the  lower  end  of  the  medulla  fcpinalis. 

the  cerebrospinal  fluid.1 

The  cerebrospinal  fluid,  for  the  most  part  elaborated  by  the  choroid  plexuses, 
is  poured  into  the  cerebral  ventricles  which  are  lined  by  smooth  ependyma.  That 
portion  of  the  fluid  formed  in  the  lateral  ventricles  escapes  by  the  foramen  of  Monro 
into  the  third  ventricle  and  thence  by  the  aqueduct  into  the  fourth  ventricle. 
Likewise  an  ascending  current  of  fluid  apparently  occurs  in  the  central  canal  of 
the  spinal  cord;  this,  representing  a  possible  product  of  the  ependyma,  may  be  added 
to  the  intraventricular  supply.  From  the  fourth  ventricle  the  fluid  is  poured  into 
the  subarachnoid  spaces  through  the  medial  foramen  of  Majendie  and  the  two 
lateral  foramina  of  Luschka.  There  is  no  evidence  that  functional  communications 
between  the  cerebral  ventricles  and  the  subarachnoid  spaces  exist  in  any  region 
except  from  the  fourth  ventricle. 

In  addition  to  the  elaboration  of  the  cerebrospinal  fluid  by  the  choroid  plexuses, 
there  seems  fairly  well  established  a  second  source  of  the  fluid  from  the  nervous 
system  itself.  The  bloodvessels  that  enter  and  leave  the  brain  are  surrounded  by 
perivascular  channels.  It  seems  most  likely  that  the  outer  wall  of  these  channels  is 
lined  by  a  continuation  inward  of  the  pial  mesothelium  while  the  inner  wall  is 
probably  derived  from  the  mesothelial  covering  of  the  vessels,  which  are  thus 
protected  throughout  the  subarachnoid  spaces.  These  mesothelial  cells  continue 
inward  only  a  short  distance,  neuroglia  cells  probably  replacing  on  the  outer  surface 
the  mesothelial  elements.  Through  these  perivascular  channels  there  is  probably 
a  small  amount  of  fluid  flowing  from  nerve-cell  to  subarachnoid  space.  The  chemical 
differences  between  the  subarachnoid  fluid  (product  of  choroid  plexuses  and  peri¬ 
vascular  system)  and  the  ventricular  fluid  (product  of  choroid  plexuses  alone) 
indicate  that  the  products  of  nerve-metabolism  are  poured  into  the  subarachnoid 
space. 

The  absorption  of  the  cerebrospinal  fluid  is  a  dual  process,  being  chiefly  a  rapid 
drainage  through  the  arachnoid  villi  into  the  great  dural  sinuses,  and,  in  small  part, 
a  slow  escape  into  the  true  lymphatic  vessels,  by  way  of  an  abundant  but  indirect 
perineural  course. 

In  general  the  arachnoid  channels  are  equipped  as  fluid  retainers  with  unques¬ 
tionable  powers  of  diffusion  or  absorption  in  regard  to  certain  elements  in  the 
normal  cerebrospinal  fluid,  deriving  in  this  way  a  cellular  nutrition. 

The  subdural  space  (between  arachnoid  and  dura)  is  usually  considered  to  be  a 
part  of  the  cerebrospinal  channels.  It  is  a  very  small  space,  the  two  limiting  sur¬ 
faces  being  separated  by  merely  a  capillary  layer  of  fluid.  Whether  this  fluid  is 
exactly  similar  to  the  cerebrospinal  fluid  is  very  difficult  to  ascertain.  Likewise 
our  knowledge  of  the  connections  between  the  subdural  and  subarachnoid  spaces 
is  hardly  definite.  In  some  ways  the  subdural  space  may  be  likened  to  a  serous 
cavity.  The  inner  surface  of  the  dura  is  covered  by  flattened  polygonal  mesothelial 
cells  but  the  outer  surface  of  the  arachnoid  is  covered  by  somewhat  cuboidal  ineso- 
thelium.  The  fluid  of  the  subdural  space  has  probably  a  local  origin  from  the  cells 
lining  it. 

i  Weed,  L.  H.,  Anat.  Record,  1917,  vol.  12;  Am.  Jour.  Anat  ,  1923,  vol.  31. 


THE  OLFAfJTOW  HEWES 


THE  CRANIAL  NERVES  (NERVI  CEREBRALE8;  CEREBRAL  NERVES). 

There  are  twelve  pairs  of  cranial  nerves;  they  are  attached  to  the  brain  and 
are  transmitted  thrdtigh  foramina  in  the  base  of  the  cranium.  The  different  pairs 
are  named  from  before  backward  as  follows; 

1st.  Olfactory.  7th.  Facial, 

2d.  Optic.  ;  .  Stb  Amustic. 

3d.  Oculomotor.  9th.  (.«  tossoph  a  ryngeah 

Tth  Trochteitr.  10th.  Vagus, 

5th,  Trigeminal.  1 1th.  Accessory, 

C.th.  Abducent.  12th.  Hypoglossal; 

The  area  of  attachment  of  a  cranial  merve- surface  brain,  is  termed 

its  aapedSeial  or  apparent  origin.  The  fibers  of  the  nerve  ca  n  he  (raced  into  the  st'ib- 
stance  of  the  brain  to  a  special  nucleus  of  gray  sebstur>ee.,  The  motor  or  efferent 
era  nisi  nerve*  arise  within  the  brain  from  groups  of  nerve  cells  which  onmtiiote 
their  nuclei  of  origin.  The  sensory  or  afferent  cranial  nerves  arise  from  groups 


indirectly:,  with  the  cerebral  cortex 


THE  OLFACTORY  NERVES  fNN.  OLFACTORH;  FIRST  NERVE)  (Fig.  7*9); 

The  olfactory  nerves  or  nerves  of  smell  are  distributed  to  the  nUiepus  membrane 
of  the  olfactory  region  of  the  nasal  cavity:  this  region  comprises  the  .superior  nasal 
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concha,  and  the  <  omrpoudiog  part  of  the  n.w«i  Septum,  The  nerves  originate 
fr>>m  the  central  or  deep  processes  ufthe  nlfaetory  s  eifs  of  the  nasal  mucous  mein- 
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brane.  They  form  a  plexiform  net-work  in  the  mucous  membrane,  and  are  then 
collected  into  about  twenty  branches,  which  pierce  the  cribriform  plate  of  the  eth¬ 
moid  bone  in  two  groups,  a  lateral  and  a  medial  group,  and  end  in  the  glomeruli 
of  the  olfactory  bulb  (Fig.  790).  Each  branch  receives  tubular  sheaths  from  the 
dura  mater  and  pia  mater,  the  former  being  lost  in  the  periosteum  of  the  nose, 
the  latter  in  the  neurolemma  of  the  nerve. 

The  olfactory  nerves  are  non-medullated,  and  consist  of  axis-cylinders  surrounded 
by  nucleated  sheaths,  in  which,  however,  there  are  fewer  nuclei  than  are  found  in 
the  sheaths  of  ordinary  non-medullated  nerve  fibers. 

The  olfactory  center  in  the  cortex  is  generally  associated  with  the  rhinencephalon 
(page  832). 

.  The  olfactary  nerves  are  developed  from  the  cells  of  the  ectoderm  which  lines 
the  olfactory  pits;  these  cells  undergo  proliferation  and  give  rise  to  what  are  termed 
the  olfactory  cells  of  the  nose.  The  axons  of  the  olfactory  cells  grow  into  the  over- 
lying  olfactory  bulb  and  form  the  olfactory  nerves. 

THE  OPTIC  NERVE  (N.  OPTICUS;  SECOND  NERVE)  (Fig.  791). 

The  optic  nerve,  or  nerve  of  sight,  consists  mainly  of  fibers  derived  from  the  gan¬ 
glionic  cells  of  the  retina.  These  axons  terminate  in  arborizations  around  the  cells 

in  the  lateral  geniculate  body,  pulvinar,  and 
superior  colliculus  which  constitute  the  lower 
or  primary  visual  centers.  From  the  cells  of 
the  lateral  geniculate  body  and  the  pulvinar 
fibers  pass  to  the  cortical  visual  center,  situated 
in  the  cuneus  and  in  the  neighborhood  of  the 
calcarine  fissure.  A  few  fibers  of  the  optic  nerve, 
of  small  caliber,  pass  from  the  primary  centers 
to  the  retina  and  are  supposed  to  govern 
chemical  changes  in  the  retina  and  also  the 
movements  of  some  of  its  elements  (pigment 
cells  and  cones) .  There  are  also  a  few  fine  fibers, 
afferent  fibers,  extending  from  the  retina  to  the 
brain,  that  are  supposed  to  be  concerned  in 
pupillary  reflexes. 

The  optic  nerve  is  peculiar  in  that  its  fibers 
and  ganglion  cells  are  probably  third  in  the 
series  of  neurons  from  the  receptors  to  the 
brain.  Consequently  the  optic  nerve  corre¬ 
sponds  rather  to  a  tract  of  fibers  within  the  brain  than  to  the  other  cranial 
nerves.  Its  fibers  pass  backward  and  medialward  through  the  orbit  and  optic 
foramen  to  the  optic  commissure  where  they  partially  decussate.  The  mixed  fibers 
from  the  two  nerves  are  continued  in  the  optic  tracts,  the  primary  visual  centers 
of  the  brain. 

The  orbital  portion  of  the  optic  nerve  is  from  20  mm.  to  30  mm.  in  length  and  has 
a  slightly  sinuous  course  to  allow  for  movements  of  the  eyeball.  It  is  invested  by 
an  outer  sheath  of  dura  mater  and  an  inner  sheath  from  the  arachnoid  which  are 
attached  to  the  sclera  around  the  area  where  the  nerve  fibers  pierce  the  choroid 
and  sclera  of  the  bulb.  A  little  behind  the  bulb  of  the  eye  the  central  artery  of  the 
retina  with  its  accompanying  vein  perforates  the  optic  nerve,  and  runs  within  it 
to  the  retina.  As  the  nerve  enters  the  optic  foramen  its  dural  sheath  becomes 
continuous  with  that  lining  the  orbit  and  the  optic  foramen.  In  the  optic  foramen 
the  ophthalmic  artery  lies  below  and  to  its  outer  side.  The  intercranial  portion 
of  the  optic  nerve  is  about  10  mm.  in  length. 


Fio.  791. — The  left  optic  nerve  and  the 
optic  tracts. 
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The  Optic  Chiasma  (chiasma  opticum),  somewhat  quadrilateral  in  form,  rests 
upon  the  tuberculum  sellse  and  on  the  anterior  part  of  the  diaphragma  sellae. 
It  is  in  relation,  above ,  with  the  lamina  terminalis;  behind ,  with  the  tuber  cinereum; 
on  either  side ,  with  the  anterior  perforated  substance.  Within  the  chiasma,  the 
optic  nerves  undergo  a  partial  decussation.  The  fibers  forming  the  medial  part  of 
each  tract  and  posterior  part  of  the  chiasma  have  no  connection  writh  the  optic 
nerves.  They  simply  cross  in  the  chiasma,  and  connect  the  medial  geniculate 
bodies  of  the  two  sides;  they  form  the  commissure  of  Gudden.  The  remaining  and 
principal  part  of  the  chiasma  consists  of  two  sets  of  fibers,  crossed  and  uncrossed. 
The  crossed  fibers  which  are  the  more  numerous,  occupy  the  central  part  of  the 
chiasma,  and  pass  from  the  optic  nerve  of  one  side  to  the  optic  tract  of  the  other, 
decussating  in  the  chiasma  with  similar  fibers  of  the  opposite  optic  nerve.  The 
uncrossed  fibers  occupy  the  lateral  part  of  the  chiasma,  and  pass  from  the  nerve 
of  one  side  into  the  tract  of  the  same  side.1 


Retina 


Optic  nerve 
Crossed  fibres 
Uncrossed  fibres 

Optic  chiasma 

\ 

Optic  tract 

Commissure  of  Oudden 


Pulvinar 


Lateral  geniculate  body 
Medial  geniculate  body 
Superior  colliculus 

Inferior  colliculus 

Nucleus  of  oculomotor  nerve 

Nucleus  of  trochlear  nerve 

Nucleus  of  abducent  nerve 
Optic  radiations 
Tectospinal  fasciculus 

Cortical  efferent  fibres 


Cortex  of  occipital  lobes 

Fio.  792. — Scheme  showing  central  connections  of  the  optic  nerves  and  optic  tracts. 

The  crossed  fibers  of  the  optic  nerve  tend  to  occupy  the  medial  side  of  the  nerve 
and  the  uncrossed  fibers  the  lateral  side.  In  the  optic  tract,  however,  the  fibers 
are  much  more  intermingled. 

1  A  specimen  of  congenital  absence  of  the  optic  chiasma  is  to  be  found  in  the  Museum  of  the  Westminister  Hospital. 
See  also  Henle,  NervenUhre,  p.  393,  ed.  2. 
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The  Optic  Tract  (Fig.  792),  passes  backward  and  outward  from  the  optic  chiasma 
over  the  tuber  cinereum  and  anterior  perforated  space  to  the  cerebral  pedunde 
and  winds  obliquely  across  its  under  surface.  Its  fibers  terminate  in  the  lateral 
geniculate  body,  the  pulvinar  and  the  superior  colliculus.  It  is  adherent  to  the 
tuber  cinereum  and  the  cerebral  peduncle  as  it  passes  over  them.  In  the  region  of 
the  lateral  geniculate  body  it  splits  into  two  bands.  The  medial  and  smaller  one  is 
a  part  of  the  commissure  of  Gudden  and  ends  in  the  medial  geniculate  body. 

From  its  mode  of  development,  and  from  its  structure,  the  optic  nerve  must  be  regarded  as  a 
prolongation  of  the  brain  substance,  rather  than  as  an  ordinary  cerebrospinal  nerve.  As  it 
passes  from  the  brain  it  receives  sheaths  from  the  three  cerebral  membranes,  a  perineural 
sheath  from  the  pia  mater,  an  intermediate  sheath  from  the  arachnoid,  and  an  outer  sheath 
from  the  dura  mater,  which  is  also  connected  with  the  periosteum  as  it  passes  through  the 
optic  foramen.  These  sheaths  are  separated  from  each  other  by  cavities  which  communicate 
with  the  subdural  and  subarachnoid  cavities  respectively.  The  innermost  or  perineural  sheath 
sends  a  process  around  the  arteria  centralis  retinae  into  the  interior  of  the  nerve,  and  enters 
intimately  into  its  structure. 


THE  OCULOMOTOR  NERVE  (N.  OCULOMOTORIUS ;  THIRD  NERVE) 

(Figs.  793,  794,  795). 

The  oculomotor  nerve  supplies  somatic  motor  fibers  to  all  the  ocular  muscles, 
except  the  Obliquus  superior  and  Rectus  lateralis;  it  also  supplies  through  its 
connections  with  the  ciliary  ganglion,  sympathetic  motor  fibers  to  the  Sphincter 
pupillse  and  the  Ciliaris  muscles. 


The  fibers  of  the  oculomotor  nerve  arise  from  a  nucleus  which  lies  in  the  gray 
substance  of  the  floor  of  the  cerebral  aqueduct  and  extends  in  front  of  the  aqueduct 
for  a  short  distance  into  the  floor  of  the  third  ventricle.  From  this  nucleus  the 
fibers  pass  forward  through  the  tegmentum,  the  red  nucleus,  and  the  medial  part 
of  the  substantia  nigra,  forming  a  series  of  curves  with  a  lateral  convexity,  and 
emerge  from  the  oculomotor  sulcus  on  the  medial  side  of  the  cerebral  peduncle. 

The  nucleus  of  the  oculomotor  nerve  does  not  consist  of  a  continuous  column 
of  cells,  but  is  broken  up  into  a  number  of  smaller  nuclei,  which  are  arranged  in 
two  groups,  anterior  and  posterior.  Those  of  the  posterior  group  are  six  in  number, 
five  of  which  are  symmetrical  on  the  two  sides  of  the  middle  line,  while  the  sixth 
is  centrally  placed  and  is  common  to  the  nerves  of  both  sides.  The  anterior  group 
consists  of  two  nuclei,  an  antero-medial  and  an  antero-lateral  (Fig.  7S0). 

The  nucleus  of  the  oculomotor  nerve,  considered  from  a  physiological  standpoint, 
can  be  subdivided  into  several  smaller  groups  of  cells,  each  group  controlling  a 
particular  muscle. 

On  emerging  from  the  brain,  the  nerve  is  invested  with  a  sheath  of  pia  mater, 
and  enclosed  in  a  prolongation  from  the  arachnoid.  It  passes  between  the  superior 
cerebellar  and  posterior  cerebral  arteries,  and  then  pierces  the  dura  mater  in  front 
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of  and  Sfctehil  to  the  process,  passing  betti*een  the  free  and  attached 

borders  of  the  tentorium  oerehclH.  ft  runs  along  the.  lateral  wsli  of  the  cavernous 
above  the  other  orbital  nerve*  receiving  in  its  course  one  or  two  filaments 


. i . .  , .  . .mmmmm.  iiiiipiiiii  mpp 

front  tire  CaveriiUus  pk-xusnf  tbc  syTiipathetic,  and  .a  communicating  branch  from 
the  ophthalmic  division  of  the  trigeminal.  It  thbn  divides  into  two  branches, 
which  enter  the  orbit  thruugh  the  superior  orbital  fissure,  between  the  two  heads 
of  the  live! os  lateralis.  Ibre  the  nerve  is placed,  below'  the  trochlear  i term  and 
the  frontal  and  lacrimal  branches  of  the  ophthalmic  nerve,  while  the  pasociliary 
nerve  is  placed  between  its  two  rami,. 

The  superior  ramus,  the  smaller,  passes  tnedialward 


er  the  optic  nerve*  and 
Supplies  the  Rectus  superior  and  levator  palpcbrn'  superipris.  The  inferior  ramus, 
tlit*  larger,  divides  into  three  branches,  One  passt^  beneath  the  optic  nerve  to  the 
Hcctus  mcdialis;  another,  to  the  Rectus  inferior;  the  third  and  longest  runs  for¬ 
ward  between  the  Recti  inferior  and  lateralis  to  the  Obliques  inferior.  From 
the  last  a  short  thick  branch  is  off  to  the  lower  part  of  the  ciliary  ganglion, 
and  forms  its  short  root.  All  these  branches  enter  the  .muscles  on  their  ocular 
surfaces,  w  ith  the  exception  of  the  nerve  to  the  Oblkpfiis  inferior,  which  enters 
the  muscle  at  its  posterior  border. 


The  trochlear  nerve,  the  smallest  of  the.  cranial  nerv 
superior  oculi. 

It  arises  from  a  nucleus  situated  in  the 
floor  of  the  cerebral  aqueduct,  opposite 
the  Upper  part  of  the  inferior  colliculus. 

From  itss  origin  it  runs  downward  through 
the  tegmentum,  and  then  turns  backward 
into  the  Upper  part  of  the  anterior  medul¬ 
lary  velum.  Here  it  decussates  with  its* 
fellow  of  the  opposite  .skit?  and .. 
from  the  surface  of  the  velum  at  the  side 
of  the  frenulum  veii,  immediately  behind 
the  iuferior  eol(tcuiti.s. 

The  nerve  is  directed  across  the  super- 
ior  (vft’.betktr  iksiubcte.  atwi  then  winds 

forward  around  the  eerebriil.  peduncle, 
immediately  above  the  pons,  pierces  the 
dura  mater  ip  the  fret?,  bjtrder  of  the  tertr 
torium  cerebelli.  just  behind,  arid  lateral 
to,  the  posterior  clinoid  process,  and 
passes  forward  in  the  lateral  wall  of  the 
cavernous  sinus,  between  the  oculomotor 
nerve  n«d  the  ophthahniC;f0^k®djF  rjtW: 
trigeminal,  It  crosses  the  oculomotor 
nerve,  and  enters  the  orbit  through  the 
superior  orbital  fissure.  It  now  becomes 
the  highest  of  all  the  tuJrvte.  and  lies 
medial  to  the  frontal  nerve.  In  the  orbit 
it  passes  ntetlmlwaril,  above  the  origin  of 
the  Levator  palpclme  superioris,  and 
finally  enters  the  orbital  surface  ojf,  the 
Obliqutis  superior.  ''  ’'j'V 

In  the  lateral  wall  of  the  cavernous  stmts  the  trochlear  uervi.  form-  ronmmuira-- 
tions  with  the  ophthalmic  division  of  the- trigeminal  ..and  with  the  Cavernous  plexus 
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of  the  sympathetic.  In  the  superior  orbital  fissure  it  occasionally  gives  off  a 
branch  to  the  lacrimal  nerve.  It  gives  off  a  recurrent  branch  which  passes  back¬ 
ward  between  the  layers  of  the  tentorium  cerebelli  and  divides  into  two  or  three 
filaments  which  may  be  traced  as  far  as  the  wall  of  the  transverse  sinus. 


THE  TRIGEMINAL  NERVE  (N.  TRIGEMINUS;  FIFTH  OR  TRIFACIAL 

NERVE). 

The  trigeminal  nerve  is  the  largest  cranial  nerve  and  is  the  great  sensory  nerve 
of  the  head  and  face,  and  the  motor  nerve  of  the  muscles  of  mastication. 

It  emerges  from  the  side  of  the  pons,  near  its  upper  border,  by  a  small  motor 
and  a  large  sensory  root — the  former  being  situated  in  front  of  and  medial  to  the 
latter. 

Motor  Root. — The  fibers  of  the  motor  root  arise  from  two  nuclei,  a  superior  and 
an  inferior.  The  superior  nucleus  consists  of  a  strand  of  cells  occupying  the  whole 
length  of  the  lateral  portion  of  the  gray  substance  of  the  cerebral  aqueduct.  The 
inferior  or  chief  nucleus  is  situated  in  the  upper  part  of  the  pons,  close  to  its  dorsal 
surface,  and  along  the  line  of  the  lateral  margin  of  the  rhomboid  fossa.  The  fibers 
from  the  superior  nucleus  constitute  the  mesencephalic  root:  they  descend  through 
the  mid-brain,  and,  entering  the  pons,  join  with  the  fibers  from  the  lower 
nucleus,  and  the  motor  root,  thus  formed,  passes  forward  through  the  pons  to  its 
point  of  emergence.  It  is  uncertain  whether  the  mesencephalic  root  is  motor  or 
sensory. 

Sensory  Root. — The  fibers  of  the  sensory  root  arise  from  the  cells  of  the  semilunar 
ganglion  which  lies  in  a  cavity  of  the  dura  mater  near  the  apex  of  the  petrous  part 
of  the  temporal  bone.  They  pass  backward  below  the  superior  petrosal  sinus 
and  tentorium  cerebelli,  and,  entering  the  pons,  divide  into  upper  and  lower  roots. 
The  upper  root  ends  partly  in  a  nucleus  which  is  situated  in  the  pons  lateral  to  the 
lower  motor  nucleus,  and  partly  in  the  locus  ceeruleus;  the  lower  root  descends 
through  the  pons  and  medulla  oblongata,  and  ends  in  the  upper  part  of  the  sub¬ 
stantia  gelatinosa  of  Rolando.  This  lower  root  is  sometimes  named  the  spinal 
root  of  the  nerve.  Medullation  of  the  fibers  of  the  sensory  root  begins  about  the 
fifth  month  of  fetal  life,  but  the  whole  of  its  fibers  are  not  medullated  until  the 
third  month  after  birth. 

The  Semilunar  Ganglion  {ganglion  semilunare  [Gasseri];  Gasserian  ganglion)  occu¬ 
pies  a  cavity  ( cavum  Meckelii )  in  the  dura  mater  covering  the  trigeminal  impression 
near  the  apex  of  the  petrous  part  of  the  temporal  bone.  It  is  somewhat  crescentic  in 
shape,  with  its  convexity  directed  forward :  medially,  it  is  in  relation  with  the  inter¬ 
nal  carotid  artery  and  the  posterior  part  of  the  cavernous  sinus.  The  motor  root 
runs  in  front  of  and  medial  to  the  sensory  root,  and  passes  beneath  the  ganglion; 
it  leaves  the  skull  through  the  foramen  ovale,  and,  immediately  below  this 
foramen,  joins  the  mandibular  nerve.  The  greater  superficial  petrosal  nerve  lies 
also  underneath  the  ganglion. 

The  ganglion  receives,  on  its  medial  side,  filaments  from  the  carotid  plexus 
of  the  sympathetic.  It  give  off  minute  branches  to  the  tentorium  cerebelli,  and  to 
the  dura  mater  in  the  middle  fossa  of  the  cranium.  From  its  convex  border,  which 
is  directed  forward  and  lateralward,  three  large  nerves  proceed,  viz.,  the  ophthalmic, 
maxillary,  and  mandibular.  The  ophthalmic  and  maxillary  consist  exclusively 
of  sensory  fibers;  the  mandibular  is  joined  outside  the  cranium  by  the  motor  root 

Associated  with  the  three  divisions  of  the  trigeminal  nerve  are  four  small  ganglia. 
The  ciliary  ganglion  is  connected  with  the  ophthalmic  nerve;  the  sphenopalatine 
ganglion  with  the  maxillary  nerve;  and  the  otic  and  submaxillary  ganglia  with  the 
mandibular  nerve.  All  four  receive  sensory  filaments  from  the  trigeminal,  and 
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motor  and  sympathetic  filaments  from  various  sources;  these  filaments  are  called 

the  roots  of  the  ganglia. 

The  Ophthalmic  Nerve  (n.  ophthalmicus)  (Pigs.  794,  795),  or  first  division  of  the 
trigeminal,  is  a  sensory  nerve.  It  supplies  branches  to  the  cornea,  ciliary  body, 
and  iris ;  to  the  lacrimal  gland  and  conjunctiva ;  to  the  part  of  the  mucous  membrane 
of  the  nasal  cavity  ;  and  to  the  skin  of  the  eyelids,  eyebrow,  forehead,  and  nose. 
It  is  the  smallest  of  the  three  divisions  of  the  trigeminal,  and  arises  from  the  upper 
part  of  the  semilunar  ganglion  as  a  short,  flattened  band,  about  2.5  cm.  long, 
which  passes  forward  along  the  lateral  wall  of  the  cavernous  sinus,  below  the 
oculomotor  and  trochlear  nerves;  just  before  entering  the  orbit,  through  the  supe¬ 
rior  orbital  fissure,  it  divides  into  three  branches,  lacrimal,  frontal,  and  nasociliary. 

The  ophthalmic  nerve  is  joined  b\r  filaments  from  the  cavernous  plexus  of  the 
sympathetic,  and  communicates  with  the  oculomotor,  trochlear,  and  abducent 
nerves;  it  gives  off  a  recurrent  filament  which  passes  between  the  layers  of  the 
tentorium. 


The  Lacrimal  Nerve  (n.  lacrimal  is )  is  the  smallest  of  the  three  branches  of  the 
ophthalmic.  It  sometimes  receives  a  filament  from  the  trochlear  nerve,  but  this 
is  possibly  derived  from  the  branch  which  goes  from  the  ophthalmic  to  the  troch¬ 
lear  nerve.  It  passes  forward  in  a  separate  tube  of  dura  mater,  and  enters  the  orbit 
through  the  narrowest  part  of  the  superior  orbital  fissure.  In  the  orbit  it  runs 
along  the  upper  border  of  the  Rectus  lateralis,  with,  the  lacrimal  artery,  arid  com¬ 
municates  with  the  zygomatic  branch  of  the  maxillary  nerve.  It  enters  the  lacrimal 
gland  and  gives  off  several  filaments,  which  supply  the  gland  and  the  conjunctiva. 
Finally  it  pierces  the  orbital  septum,  and  ends  in  the  skin  of  the  upper  eyelid, 
joining  with  filaments  of  the  facial  nerve.  The  lacrimal  nerve  is  occasionally 
absent,  and  its  place  is  then  taken  by  the  zygomaticotemporal  branch  of  the  max¬ 
illary.  Sometimes  the  latter  branch  is  absent,  and  a  continuation  of  the  lacrimal 
is  substituted  for  it. 

The  Frontal  Nerve  {n.  frontalis)  is  the  largest  branch  of  the  ophthalmic,  and  may 
be  regarded,  both  from  its  size  and  direction,  as  the  continuation  of  the  nerve. 
It  enters  the  orbit  through  the  superior  orbital  fissure,  and  runs  forward  between 
the  Levator  palpebra*  supertoris  and  the  periosteum.  Midway  between  the  apex 
and  base  of  the  orbit  it  divides  into  two  brandies,  supratrochlear  and  supraorbital. 
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The  supratrochlear  nerve  (n.  supratrochlearis),  the  smaller  of  the  two,  passes 
above  the  pulley  of  the  Obliquus  superior,  and  gives  off  a  descending  filament,  to 
join  the  infratrochlear  branch  of  the  nasociliary  nerve.  It  then  escapes  from  the 
orbit  between  the  pulley  of  the  Obliquus  superior  and  the  supraorbital  foramen, 
curves  up  on  to  the  forehead  close  to  the  bone,  ascends  beneath  the  Corrugator 
and  Frontalis,  and  dividing  into  branches  which  pierce  these  muscles,  it  supplies 
the  skin  of  the  lower  part  of  the  forehead  close  to  the  middle  line  and  sends 
filaments  to  the  conjunctiva  and  skin  of  the  upper  eyelid. 

The  supraorbital  nerve  (n.  supraorbitalis )  passes  through  the  supraorbital  foramen, 
and  gives  off,  in  this  situation,  palpebral  filaments  to  the  upper  eyelid.  It  then 
ascends  upon  the  forehead,  and  ends  in  two  branches,  a  medial  and  a  lateral, 
which  supply  the  integument  of  the  scalp,  reaching  nearly  as  far  back  as  the  lamb- 
doidal  suture;  they  are  at  first  situated  beneath  the  Frontalis,  the  medial  branch 
perforating  the  muscle,  the  lateral  branch  the  galea  aponeurotica.  Both  branches 
supply  small  twigs  to  the  pericranium. 

The  Nasociliary  Nerve  (n.  nasodliaris;  nasal  nerve)  is  intermediate  in  size  between 
the  frontal  and  lacrimal,  and  is  more  deeply  placed.  It  enters  the  orbit  between 
the  two  heads  of  the  Rectus  lateralis,  and  between  the  superior  and  inferior  rami 
of  the  oculomotor  nerve.  It  passes  across  the  optic  nerve  and  runs  obliquely 
beneath  the  Rectus  superior  and  Obliquus  superior,  to  the  medial  wall  of  the  orbital 
cavity.  Here  it  passes  through  the  anterior  ethmoidal  foramen,  and,  entering 
the  cavity  of  the  cranium,  traverses  a  shallow  groove  on  the  lateral  margin  of  the 
front  part  of  the  cribriform  plate  of  the  ethmoid  bone,  and  runs  down,  through 
a  slit  at  the  side  of  the  crista  galli,  into  the  nasal  cavity.  It  supplies  internal 
nasal  branches  to  the  mucous  membrane  of  the  front  part  of  the  septum  and  lateral 
wall  of  the  nasal  cavity.  Finally,  it  emerges,  as  the  external  nasal  branch,  between 
the  lower  border  of  the  nasal  bone  and  the  lateral  nasal  cartilage,  and,  passing 
down  beneath  the  Nasalis  muscle,  supplies  the  skin  of  the  ala  and  apex  of  the  nose. 

The  nasociliary  nerve  gives  off  the  following  branches,  viz. :  the  long  root  of  file 
ciliary  ganglion,  the  long  ciliary,  and  the  ethmoidal  nerves. 

The  long  root  of  the  ciliary  ganglion  {radix  longa  ganglii  ciliaris)  usually  arises 
from  the  nasociliary  between  the  two  heads  of  the  Rectus  lateralis.  It  passes 
forward  on  the  lateral  side  of  the  optic  nerve,  and  enters  the  postero-superior  angle 
of  the  ciliary  ganglion;  it  is  sometimes  joined  by  a  filament  from  the  cavernous 
plexus  of  the  sympathetic,  or  from  the  superior  ramus  of  the  trochlear  nerv  e. 

The  long  ciliary  nerves  {nn.  ciliares  longi),  tw^o  or  three  in  number,  are  given  off 
from  the  nasociliary,  as  it  crosses  the  optic  nerve.  They  accompany  the  short 
ciliary  nerves  from  the  ciliary  ganglion,  pierce  the  posterior  part  of  the  sclera, 
and  running  fonvard  between  it  and  the  choroid,  are  distributed  to  the  iris  and 
cornea.  The  long  ciliary  nerves  are  supposed  to  contain  sympathetic  fibers  from 
the  superior  cervical  ganglion  to  the  Dilator  pupillae  muscle. 

The  infratrochlear  nerve  (n.  infratrochlearis)  is  given  off  from  the  nasociliary 
just  before  it  enters  the  anterior  ethmoidal  foramen.  It  runs  forward  along  the 
upper  border  of  the  Rectus  medialis,  and  is  joined,  near  the  pulley  of  the  Obliquus 
superior,  by  a  filament  from  the  supratrochlear  nerve.  It  then  passes  to  the 
medial  angle  of  the  eye,  and  supplies  the  skin  of  the  eyelids  and  side  of  the  nose, 
the  conjunctiva,  lacrimal  sac,  and  caruncula  lacrimalis. 

The  ethmoidal  branches  ( nn .  ethmoidales)  supply  the  ethmoidal  cells;  the  posterior 
branch  leaves  the  orbital  cavity  through  the  posterior  ethmoidal  foramen  and  gives 
some  filaments  to  the  sphenoidal  sinus. 

The  Ciliary  Ganglion  {ophthalmic  or  lenticular  ganglion)  (Figs.  793,  795).— The 
ciliary"  ganglion  is  a  small,  sympathetic  ganglion,  of  a  reddish-grav  color,  and  about 
the  size  of  a  pin’s  head;  it  is  situated  at  the  back  part  of  the  orbit,  in  some  loose 
fat  between  the  optic  nerve  and  the  Rectus  lateralis  muscle,  lying  generally'  on  the 
lateral  side  of  the  ophthalmic  artery. 
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Its  roots  are  three  in  number,  and  enter  its  posterior  border.  One,  the  long 
or  sensory  root,  is  derived  from  the  nasociliary  nerve,  and  joins  its  postero-superior 
angle.  The  second,  the  short  or  motor  root,  is  a  thick  nerve  (occasionally  divided 
into  two  parts)  derived  from  the  branch  of  the  oculomotor  nerve  to  the  Obliquus 
inferior,  and  connected  with  the  postero-inferior  angle  of  the  ganglion.  The  motor 
root  is  supposed  to  contain  sympathetic  efferent  fibers  (preganglionic  fibers)  from 
the  nucleus  of  the  third  nerve  in  the  mid-brain  to  the  ciliary  ganglion  where  they 
form  synapses  with  neurons  whose  fibers  (postganglionic)  pass  to  the  Ciliary  muscle 
and  to  Sphincter  muscle  of  the  pupil.  The  third,  the  sympathetic  root,  is  a  slender 
filament  from  the  cavernous  plexus  of  the  sympathetic;  it  is  frequently  blended 
with  the  long  root.  According  to  Tiedemann,  the  ciliary  ganglion  receives  a  twig 
of  communication  from  the  sphenopalatine  ganglion. 

Its  branches  are  the  short  ciliary  nerves.  These  are  delicate  filaments,  from  six 
to  ten  in  number,  which  arise  from  the  forepart  of  the  ganglion  in  two  bundles 
connected  with  its  superior  and  inferior  angles;  the  lower  bundle  is  the  larger. 
They  run  forward  with  the  ciliary  arteries  in  a  wavy  course,  one  set  above  and  the 
other  below  the  optic  nerve,  and  are  accompanied  by  the  long  ciliary  nerves  from 
the  nasociliary.  They  pierce  the  sclera  at  the  back  part  of  the  bulb  of  the  eye,  pass 
forward  in  delicate  grooves  on  the  inner  surface  of  the  sclera,  and  are  distributed 
to  the  Ciliaris  muscle,  iris,  and  cornea.  Tiedemann  has  described  a  small  branch 
as  penetrating  the  optic  nerve  with  the  arteria  centralis  retinae. 

The  Maxillary  Nerve  (n.  maocillaris;  superior  maxillary  nerve )  (Fig.  796),  or 
second  division  of  the  trigeminal,  is  a  sensory  nerve.  It  is  intermediate,  both  in 
position  and  size,  between  the  ophthalmic  and  mandibular.  It  begins  at  the  middle 
of  the  semilunar  ganglion  as  a  flattened  plexiform  band,  and,  passing  horizontally 
forward,  it  leaves  the  skull  through  the  foramen  rotundum,  where  it  becomes  more 
cylindrical  in  form,  and  firmer  in  texture.  It  then  crosses  the  pterygopalatine 
fossa,  inclines  lateralward  on  the  back  of  the  maxilla,  and  enters  the  orbit  through 
the  inferior  orbital  fissure;  it  traverses  the  infraorbital  groove  and  canal  in  the 
floor  of  the  orbit,  and  appears  upon  the  face  at  the  infraorbital  foramen.1  At 
its  termination,  the  nerve  lies  beneath  the  Quadratus  labii  superioris,  and  divides 
into  a  leash  of  branches  which  spread  out  upon  the  side  of  the  nose,  the  lower 
eyelid,  and  the  upper  lip,  joining  with  filaments  of  the  facial  nerve. 

Branches. — Its  branches  may  be  divided  into  four  groups,  according  as  they  are 
given  off  in  the  cranium,  in  the  pterygopalatine  fossa,  in  the  infraorbital  canal,  or 
on  the  face. 


In  the  Cranium 

In  the  Pterygopalatine  Fossa 

In  the  Infraorbital  Canal 

On  the  Face  .... 


Middle  meningeal. 
Zygomatic. 

Sphenopalatine. 

Posterior  superior  alveolar. 
Anterior  superior  alveolar. 
Middle  superior  alveolar. 
Inferior  palpebral. 

External  nasal. 

Superior  labial. 


The  Middle  Meningeal  Nerve  (n.  meningeus  medius;  meningeal  or  dural  branch)  is 
given  off  from  the  maxillary  nerve  directly  after  its  origin  from  the  semilunar 
ganglion;  it  accompanies  the  middle  meningeal  artery  and  supplies  the  dura  mater. 

The  Zygomatic  Nerve  (n.  zygomaticus ;  temporomalar  nerve ;  orbital  nerve )  arises 
in  the  pterygopalatine  fossa,  enters  the  orbit  by  the  inferior  orbital  fissure, 
and  divides  at  the  back  of  that  cavity  into  two  branches,  zygomaticotemporal  and 
sygematicofacial. 

1  After  it  enters  the  infraorbital  canal,  the  nerve  is  frequently  called  the  infraorbital. 
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The  zygomaticotemporal  branch  (ramus  zygomaticotemporalis;  temporal  branch) 
runs  along  the  lateral  wall  of  the  orbit  in  a  groove  in  the  zygomatic  bone,  receives 
a  branch  of  communication  from  the  lacrimal,  and,  passing  through  a  foramen 
in  the  zygomatic  bone,  enters  the  temporal  fossa.  It  ascends  between  the  bone, 
and  substance  of  the  Temporalis  muscle,  pierces  the  temporal  fascia  about  2.5  cm. 
above  the  zygomatic  arch,  and  is  distributed  to  the  skin  of  the  side  of  the  fore¬ 
head,  and  communicates  with  the  facial  nerve  and  with  the  auriculotemporal 
branch  of  the  mandibular  nerve.  As  it  pierces  the  temporal  fascia,  it  gives  off  a 
slender  twig,  which  runs  between  the  two  layers  of  the  fascia  to  the  lateral  angle 
of  the  orbit. 


Se  ctor  root 


.4  uncivil  m  pyral 
ruf*x 


Distribution  of  the  maxillary  and  mandibular  nerves,  and  t-ho  submaxill&ry  ganglion. 


The  zygomaticofacial  branch  (ramus  zygomaticofacial  is;  malar  branch )  passes 
along  the  infero-lateral  angle  of  the  orbit,  emerges  upon  the  face  through  a  foramen 
in  the  zygomatic  bone,  and,  perforating  the  Orbicularis  oculi,  supplies  the  skin  on 
the  prominence  of  the  cheek.  It  joins  with  the  facial  nerve  and  with  the  inferior 
palpebral  branches  of  the  maxillary. 

The  Sphenopalatine  Branches  («n.  spheno palatini),  two  in  number,  descend  to  the 
sphenopalatine  ganglion. 

The  Posterior  Superior  Alveolar  Branches  ( rami  alveolar es  superiores  postcriores; 
posterior  superior  dental  branches)  arise  from  the  trunk  of  the  nerve  just  before 
it  enters  the  infraorbital  groove;  they  are  generally  two  in  number,  but  sometimes 
arise  by  a  single  trunk.  They  descend  on  the  tuberosity  of  the  maxilla  and  give  off 
several  twigs;  to  the  gums  and  neighboring  parts  of  the  mucous  membrane  of  the 
cheek.  They  then  enter  the  posterior  alveolar  canals  on  the  infratemporal  surface 
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of  the  maxilla,  and,  passing  from  behind  forward  in  the  substance  of  the  bone, 
communicate  with  the  middle  superior  alveolar  nerve,  and  give  off  branches  to  the 
lining  membrane  of  the  maxillary  sinus  and  three  twigs  to  each  molar  tooth  \  these 
twigs  enter  the  foramina  at  the  apices  of  the  roots  of  the  teeth. 

The  Middle  Superior  Alveolar  Branch  {ramus  alveolaris  superior  medius;  middle 
superior  dental  branch),  is  given  off  from  the  nerve  in  the  posterior  part  of  the  infra¬ 
orbital  canal,  and  runs  downward  and  forward  in  a  canal  In  the  lateral  wall  of  the 
maxillary  sinus  to  supply  the  two  premolar  teeth.  It  forms  a  superior  dental  plexus 
with  the  anterior  and  posterior  superior  alveolar  branches. 

The  Anterior  Superior  Alveolar  Branch  ( ramus  alveolaris  superior  anteriores;  ante- 
rior  superior  denial  branch ),  of  considerable  size,  is  given  off  from  the  nerve  just 
before  its  exit  from  the  infraorbital  foramen;  it  descends  in  a  canal  in  the  anterior 
wall  of  the  maxillary  sinus,  and  divides  into  branches  which  supply  the  incisor 
and  canine  teeth.  It  communicates  with  the  middle  superior  alveolar  branch, 
and  gives  off  a  nasal  branch,  which  passes  through  a  minute  canal  in  the  lateral  wall 
of  the  inferior  meatus,  and  supplies  the  mucous  membrane  of  the  anterior  part  of 
the  inferior  meatus  and  the  floor  of  the  nasal  cavity,  communicating  with  the  nasal 
branches  from  the  sphenopalatine  ganglion. 
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a*  n  ado*  of  the. 
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F iq.  797. — Alveolar  branches  of  superior  maxillary  nerve  and  sphenopalatine  ganglion.  (Te»tut  ) 


The  Inferior  Palpebral  Branches  (rami  palpebrales  inferiores;  palpebral  branches) 
ascend  behind  the  Orbicularis  oculi.  They  supply  the  skin  and  conjunctiva  of  the 
lower  eyelid,  joining  at  the  lateral  angle  of  the  orbit  with  the  facial  and  zygomatico¬ 
facial  nerves. 

The  External  Nasal  Branches  (rami  nasalcs  externi)  supply  the  skin  of  the  side 
of  the  nose  and  of  the  septum  mobile  nasi,  and  join  with  the  terminal  twigs  of  the 
nasociliary  nerve. 

The  Superior  Labial  Branches  (rami  labiates  superior es;  labial  branches ),  the  largest 
and  most  numerous,  descend  behind  the  Quadratus  labii  superioris,  and  are  dis¬ 
tributed  to  the  skin  of  the  upper  lip,  the  mucous  membrane  of  the  mouth,  and  labial 
glands.  They  are  joined,  immediately  beneath  the  orbit,  by  filaments  from  the 
facial  nerve,  forming  w  ith  them  the  infraorbital  plexus. 

Sphenopalatine  Ganglion  ( ganglion  of  Meckel )  (Fig,  798).—' The  sphenopalatine 
ganglion,  the  largest  of  the  sympathetic  ganglia  associated  with  the  branches  of  the 
trigeminal  nerve,  is  deeply  placed  in  the  pterygopalatine  fossa,  close  to  the  spheno 
57 
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palatine  foramen.  It  is  triangular  or  heart-shaped,  of  a  reddish-gray  color,  and  A 
situated  just  below  the  maxillary  nerve  as  it  crosses  the  fossa.  It  receives  a  sensory 
a  motor,  and  a  sympathetic  root. 

Its  sensory  root  is  derived  from  two  sphenopalatine  branches  of  the  maxillary 
nerve;  their  fibers,  for  the  most  part,  pass  directly  into  the  palatine  nerves;  a  few, 
however,  enter  the  ganglion,  constituting  its  sensory  root.  Its  motor  root  is  probably 
derived  from  the  nervus  intermedins  through  the  greater  superficial  petrosal  nerve 
and  is  supposed  to  consist  in  part  of  sympathetic  efferent  (preganglionic!  fiber? 
from  the  medulla.  In  the  sphenopalatine  ganglion  they  form  synapses  with  neurons 
whose  postganglionic  axons,  vasodilator  and  secretory  fibers,  are  distributed  with 
the  deep  branches  of  the  trigeminal  to  the  mucous  membrane  of  the  nose,  soft 
palate,  tonsils,  uvula ,  roof  of  the  mouth,  upper  lip  and  gums,  and  to  the  upper  part 
of  the  pharynx.  Its  sympathetic  root  is  derived  from  the  carotid  plexus  through  the 
deep  petrosal  nerve.  These  two  nerves  join  to  form  the  nerve  of  the  pterygoid 
canal  before  their  entrance  into  the  ganglion. 


Tertti*  mthn  af 

nerve 


Fig,  798. — The  sphenopalatine  ganglion  and  its  branches. 


The  greater  superficial  petrosal  nerve  ( n .  petrosa#  super ficinl is  major;  large  super¬ 
ficial  petrosal  nerve)  is  given  off  from  the  genicular  ganglion  of  the  facial  nerve,  it 
passes  through  the  hiatus  of  the  facial  canal,  enters  the  cranial  cavity,  and  run? 
forward  beneath  the  dura  mater  in  a  groove  on  the  anterior  surface  of  the  petrous 
portion  of  the  temporal  bone.  It  then  enters  the  cartilaginous  substance  which 
fills  the  foramen  lacerum,  and  joining  with  the  deep  petrosal  branch  forms  the 
nerve  of  the  pterygoid  canal. 

The  deep  petrosal  nerve  (n.  petrosas  prof  undus;  large  deep  petrosal  ncm)  is  given 
off  from  the  carotid  plexus,  and  runs  through  the  carotid  canal  lateral  to  the  intern*! 
carotid  artery.  It  then  enters  the  cartilaginous  substance  which  fills  the  foramen 
lacerum,  and  joins  with  the  greater  superficial  petrosal  n&rve  to  form  the  nerve 
of  the  pterygoid  canal. 

The  nerve  of  the  pterygoid  canal  (n.  canalis  pterygoidei  [Vidii];  Vidian  nmt)t 
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formed  by  the  junction  of  the  two  preceding  nerves  in  the  cartilaginous  substance 
which  fills  the  foramen  lacerum,  passes  forward,  through  the  pterygoid  canal,  with 
the  corresponding  artery,  and  is  joined  by  a  small  ascending  sphenoidal  branch 
from  the  otic  ganglion.  Finally,  it  enters  the  pterygopalatine  fossa,  and  joins 
the  posterior  angle  of  the  sphenopalatine  ganglion. 

Branches  of  Distribution. — These  are  divisible  into  four  groups,  viz.,  orbital, 
palatine,  posterior  superior  nasal,  and  pharyngeal. 

The  orbital  branches  ( rami  orbitales;  ascending  branches)  are  two  or  three  delicate 
filaments,  which  enter  the  orbit  by  the  inferior  orbital  fissure,  and  supply  the  peri¬ 
osteum.  According  to  Luschka,  some  filaments  pass  through  foramina  in  the  fronto- 
ethmoidal  suture  to  supply  the  mucous  membrane  of  the  posterior  ethmoidal  and 
sphenoidal  sinuses. 

The  palatine  nerves  (nn.  palatini ;  descending  branches)  are  distributed  to  the  roof 
of  the  mouth,  soft  palate,  tonsil,  and  lining  membrane  of  the  nasal  cavity.  Most 
of  their  fibers  are  derived  from  the  sphenopalatine  branches  of  the  maxillary  nerve. 
They  are  three  in  number :  anterior,  middle,  and  posterior. 

The  anterior  palatine  nerve  (n.  palaiinus  anterior)  descends  through  the  pterygo¬ 
palatine  canal,  emerges  upon  the  hard  palate  through  the  greater  palatine  foramen, 
and  passes  forward  in  a  groove  in  the  hard  palate,  nearly  as  far  as  the  incisor  teeth. 
It  supplies  the  gums,  the  mucous  membrane  and  glands  of  the  hard  palate,  and 
communicates  in  front  with  the  terminal  filaments  of  the  nasopalatine  nerve. 
While  in  the  pterygopalatine  canal,  it  gives  off  posterior  inferior  nasal  branches, 
which  enter  the  nasal  cavity  through  openings  in  the  palatine  bone,  and  ramify 
over  the  inferior  nasal  concha  and  middle  and  inferior  meatuses;  at  its  exit  from 
the  canal,  a  palatine  branch  is  distributed  to  both  surfaces  of  the  soft  palate. 

The  middle  palatine  nerve  ( n .  palaiinus  medius)  emerges  through  one  of  the  minor 
palatine  canals  and  distributes  branches  to  the  uvula,  tonsil,  and  soft  palate.  It  is 
occasionally  wanting. 

The  posterior  palatine  nerve  (n.  palaiinus  posterior)  descends  through  the  pterygo¬ 
palatine  canal,  and  emerges  by  a  separate  opening  behind  the  greater  palatine 
foramen;  it  supplies  the  soft  palate,  tonsil,  and  uvula.  The  middle  and  posterior 
palatine  join  with  the  tonsillar  branches  of  the  glossopharyngeal  to  form  a  plexus 
(circulus  tonsillaris)  around  the  tonsil. 

The  posterior  superior  nasal  branches  ( rami  nasales  posteriores  superiores)  are  dis¬ 
tributed  to  the  septum  and  lateral  wall  of  the  nasal  fossa.  They  enter  the  posterior 
part  of  the  nasal  cavity  by  the  sphenopalatine  foramen  and  supply  the  mucous 
membrane  covering  the  superior  and  middle  nasal  conch®,  the  lining  of  the  poste¬ 
rior  ethmoidal  cells,  and  the  posterior  part  of  the  septum.  One  branch,  longer 
and  larger  than  the  others,  is  named  the  nasopalatine  nerve.  It  enters  the  nasal 
cavity  through  the  sphenopalatine  foramen,  passes  across  the  roof  of  the  nasal 
cavity  below  the  orifice  of  the  sphenoidal  sinus  to  reach  the  septum,  and  then  runs 
obliquely  downward  and  forward  between  the  periosteum  and  mucous  membrane 
of  the  lower  part  of  the  septum.  It  descends  to  the  roof  of  the  mouth  through  the 
incisive  canal  and  communicates  with  the  corresponding  nerve  of  the  opposite 
side  and  with  the  anterior  palatine  nerve.  It  furnishes  a  few  filaments  to  the 
mucous  membrane  of  the  nasal  septum. 

The  pharyngeal  nerve  ( pterygopalatine  nerve)  is  a  small  branch  arising  from  the 
posterior  part  of  the  ganglion.  It  passes  through  the  pharyngeal  canal  with  the 
pharyngeal  branch  of  the  internal  maxillary  artery,  and  is  distributed  to  the  mucous 
membrane  of  the  nasal  part  of  the  pharynx,  behind  the  auditory  tube. 

The  mandibular  nerve  (n.  mandibularis;  inferior  maxillary  nerve)  (Figs.  796, 
799)  supplies  the  teeth  and  gums  of  the  mandible,  the  skin  of  the  temporal  region, 
the  auricula,  the  lower  lip,  the  lower  part  of  the  face,  and  the  muscles  of  mastica¬ 
tion;  it  also  supplies  the  mucous  membrane  of  the  anterior  two-thirds  of  the  tongue. 
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It  is  the  largest  of  the  three  divisions  of  the  fifth,  and  is  made  up  of  two  roots:  a 
large,  sensory  root  proceeding  from  the  inferior  angle  of  the  semilunar  ganglion, 
and  a  small  motor  root  (the  motor  part  of  the  trigeminal),  which  passes  beneath  the 
ganglion,  and  unites  with  the  sensory  root,  just  after  its  exit  through  the  foramen 
ovale.  Immediately  beneath  the  base  of  the  skull,  the  nerve  gives  off  from  its 
medial  side  a  recurrent  branch  (nervus  spinosus)  and  the  nerve  to  the  Pterygoideus 
internus,  and  then  divides  into  two  trunks,  an  anterior  and  a  posterior. 

The  Nervus  Spinosus  ( recurrent  or  meningeal  branch )  enters  the  skull  through  the 
foramen  spinosum  with  the  middle  meningeal  artery.  It  divides  into  two  branches, 
anterior  and  posterior*  which  accompany  the  main  divisions  of  the  artery  and 
supply  the  dura  mater;  the  posterior  branch  also  supplies  the  mucous  lining  of 
the  mastoid  cells;  the  anterior  communicates  with  the  meningeal  branch  of  the 
maxillary  nerve. 
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Fiq.  709.  — Mandibular  division  of  the  trifacial  nerve.  (Tcsiut ) 


The  Internal  Pterygoid  Nerve  (n.  pierygerideus  internus). — The  nerve  to  the  Pten- 
goideus  internus  is  a  slender  branch,  which  enters  the  deep  surface  of  the  muscle; 
it  gives  off  one  or  two  filaments  to  the  otic  ganglion. 

The  anterior  and  smaller  division  of  the  mandibular  nerve  receives  nearly  tb? 
whole  of  the  fibers  of  the  motor  root  of  the  nerve,  and  supplies  the  muscles  of 
mastication  and  the  skin  and  mucous  membrane  of  the  cheek.  Its  brancha  arc 
the  masseteric,  deep  temporal,  buccinator,  and  external  pterygoid. 

The  Masseteric  Nerve  (n.  masseterieus)  passes  lateralward,  above  the  Ptery goideus 
extemus,  in  front  of  the  temporomandibular  articulation,  and  behind  the  teadoc 
of  the  Temporalis;  it  crosses  the  mandibular  notch  with  the  masseteric  &rter>\ 
to  the  deep  surface  of  the  Masseter,  in  w  hich  it  ramifies  nearly  as  far  as  its  anterior 
border.  It  gives  a  filament  to  the  temporomandibular  joint. 
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The  Deep  Temporal  Nerves  ( nn .  temporales  profundi)  are  two  in  number,  anterior 
and  posterior.  They  pass  above  the  upper  border  of  the  Pterygoideus  externus 
and  enter  the  deep  surface  of  the  Temporalis.  The  posterior  branch,  of  small  size, 
is  placed  at  the  back  of  the  temporal  fossa,  and  sometimes  arises  in  common  with 
the  masseteric  nerve.  The  anterior  branch  is  frequently  given  off  from  the  buccina¬ 
tor  nerve,  and  then  turns  upward  over  the  upper  head  of  the  Pterygoideus  externus. 
Frequently  a  third  or  intermediate  branch  is  present. 

The  Buccinator  Nerve  (n.  buccinatorus;  long  buccal  nerve)  passes  forward  between 
the  two  heads  of  the  Pterygoideus  externus,  and  downward  beneath  or  through 
the  lower  part  of  the  Temporalis;  it  emerges  from  under  the  anterior  border  of  the 
Masseter,  ramifies  on  the  surface  of  the  Buccinator,  and  unites  with  the  buccal 
branches  of  the  facial  nerve.  It  supplies  a  branch  to  the  Pterygoideus  externus 
during  its  passage  through  that  muscle,  and  may  give  off  the  anterior  deep  temporal 
nerve.  The  buccinator  nerve  supplies  the  skin  over  the  Buccinator,  and  the  mucous 
membrane  lining  its  inner  surface. 

External  Pterygoid  Nerve  (n.  pterygoideus  externus). — The  nerve  to  the  Ptery¬ 
goideus  externus  frequently  arises  in  conjunction  with  the  buccinator  nerve, 
but  it  may  be  given  off  separately  from  the  anterior  division  of  the  mandibular 
nerve.  It  enters  the  deep  surface  of  the  muscle. 

The  posterior  and  larger  division  of  the  mandibular  nerve  is  for  the  most  part 
sensory,  but  receives  a  few  filaments  from  the  motor  root.  It  divides  into  auriculo¬ 
temporal,  lingual,  and  inferior  alveolar  nerves. 

The  Auriculotemporal  Nerve  (n.  auriculotemporalis)  generally  arises  by  two  roots, 
between  which  the  middle  meningeal  artery  ascends.  It  runs  backward  beneath 
the  Pterygoideus  externus  to  the  medial  side  of  the  neck  of  the  mandible.  It  then 
turns  upward  with  the  superficial  temporal  artery,  between  the  auricula  and  con¬ 
dyle  of  the  mandible,  under  cover  of  the  parotid  gland;  escaping  from  beneath 
the  gland,  it  ascends  over  the  zygomatic  arch,  and  divides  into  superficial  temporal 
branches. 

The  branches  of  communication  of  the  auriculotemporal  nerve  are  with  the  facial 
nerve  and  with  the  otic  ganglion.  The  branches  to  the  facial,  usually  two  in  number, 
pass  forward  from  behind  the  neck  of  the  mandible  and  join  the  facial  nerve  at 
the  posterior  border  of  the  Masseter.  The  filaments  to  the  otic  ganglion  are  derived 
from  the  roots  of  the  auriculotemporal  nerve  close  to  their  origin. 

Its  branches  of  distribution  are: 

Anterior  auricular.  Articular. 

Branches  to  the  external  acoustic  meatus.  Parotid. 

Superficial  temporal. 

The  anterior  auricular  branches  (nn.  auriculares  anteriores)  are  usually  two  in 
number;  they  supply  the  front  of  the  upper  part  of  the  auricula,  being  distributed 
principally  to  the  skin  covering  the  front  of  the  helix  and  tragus. 

The  branches  to  the  external  acoustic  meatus  (n.  meatus  auditorii  extemi),  two  in 
number,  enter  the  meatus  between  its  bony  and  cartilaginous  portions  and  supply 
the  skin  lining  it;  the  upper  one  sends  a  filament  to  the  tympanic  membrane. 

The  articular  branches  consist  of  one  or  two  twigs  which  enter  the  posterior  part 
of  the  temporomandibular  joint. 

The  parotid  branches  ( rami  parotidei)  supply  the  parotid  gland. 

The  superficial  temporal  branches  ( rami  temporales  superficicdes)  accompany  the 
superficial  temporal  artery  to  the  vertex  of  the  skull;  they  supply  the  skin  of  the 
temporal  region  and  communicate  with  the  facial  and  zygomaticotemporal  nerves. 

The  Lingual  Nerve  (n.  lingualis)  supplies  the  mucous  membrane  of  the  anterior 
two-thirds  of  the  tongue.  It  lies  at  first  beneath  the  Pterygoideus  externus,  medial 
to  and  in  front  of  the  inferior  alveolar  nerve,  and  is  occasionally  joined  to  this 
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nerve  by  a  branch  which  may  cross  the  internal  maxillary  artery.  The  chorda 
tympani  also  joins  it  at  an  acute  angle  in  this  situation.  The  nerve  then  passes 
between  the  Ptervgoideus  internus  and  the  ramus  of  the  mandible,  and  crosses 
obliquely  to  the  side  of  the  tongue  over  the  Constrictor  pharvngis  superior  and 
Styloglossus,  and  then  between  the  Hyoglossus  and  deep  part  of  the  submaxillar 
gland ;  it  finally  runs  across  the  duct  of  the  submaxiilary  gland ,  and  along  the  tongue 
to  its  tip,  lying  immediately  beneath  the  mucous  membrane. 

Its  branches  of  communication  are  with  the  facial  (through  the  chorda  tympani), 
the  inferior  alveolar  and  hypoglossal  nerves,  and  the  submaxillary  ganglion.  The 
branches  to  the  submaxillary  ganglion  are  two  or  three  in  number;  those  connect*! 
with  the  hypoglossal  nerve  form  a  plexus  at  the  anterior  margin  of  the  Hyoglossus. 
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Its  branches  of  distribution  supply  the  sublingual  gland,  the  mucous  membrane 
of  the  mouth,  the  gums,  and  the  mucous  membrane  of  the  anterior  two-thirds  of 
the  tongue;  the  terminal  filaments  communicate,  at  the  tip  of  the  tongue,  with 
the  hypoglossal  nerve. 

The  Inferior  Alveolar  Nerve  (n.  alveolari $  inferior;  inferior  dental  nerve)  (Fig.  WO)  h 
the  largest  branch  of  the  mandibular  nerve.  It  descends  with  the  inferior  alveolar 
artery,  at  first  beneath  the  Ptervgoideus  extern  us,  and  then  between  the  spheiu>- 
mandibular  ligament  and  the  ramus  of  the  mandible  to  the  mandibular  foramen 
It.  then  passes  forward  in  the  mandibular  canal,  beneath  the  teeth,  as  far  as  the 
mental  foramen,  where  it  divides  into  two  terminal  branches,  incisive  and  mental. 

The  brandies  of  the  inferior  alveolar  nerve  are  the  mylohyoid,  dental,  incisive, 
and  mental. 

The  mylohyoid  nerve  (n.  mylohyoideus)  is  derived  from  the  inferior  alveolar  just 
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before  it  enters  the  mandibular  foramen.  It  descends  in  a  groove  on  the  deep 
surface  of  the  ramus  of  the  mandible,  and  reaching  the  under  surface  of  the 
Mylohyoideus  supplies  this  muscle  and  the  anterior  belly  of  the  Digastricus. 

The  dental  branches  supply  the  molar  and  premolar  teeth.  They  correspond 
in  number  to  the  roots  of  those  teeth ;  each  nerve  entering  the  orifice  at  the  point 
of  the  root,  and  supplying  the  pulp  of  the  tooth  ;  above  the  alveolar  nerve  they  form 
an  inferior  dental  plexus. 

The  incisive  branch  is 


bone,  and  supplies  the  canine 

and  incisor  teeth. 

The  mental  nerve  (n.  mentalis)  emerges  at  the  mental  foramen,  and  divides 
beneath  the  Triangularis  muscle  into  three  branches;  one  descends  to  the  skin  of 
the  chin,  and  two  ascend  to  the  skin  and  mucous  membrane  of  the  lower  lip;  these 
brauches  communicate  freely  with  the  facial  nerve. 

Two  small  ganglia,  the  otic  and  the  submaxillary,  are  connected  with  the  man¬ 
dibular  nerve. 


mtinued  on  wart!  within  tl 
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Otic  Ganglion  (ganglion  oticuni)  (Fig.  801). — The  otic  ganglion  is  a  small,  oval- 
shaped,  flattened  ganglion  of  a  reddish-gray  color,  situated  immediately  below 
the  foramen  ovale;  it  lies  on  the  medial  surface  of  the  mandibular  nerve,  and 
surrounds  the  origin  of  the  nerve  to  the  Pterygoideus  interims.  It  is  in  relation, 
laterally r  with  the  trunk  of  the  mandibular  nerve  at  the  point  where  the  motor  and 
sensory  roots  join;  medially,  with  the  cartilaginous  part  of  the  auditory  tube, 
and  the  origin  of  the  Tensor  veli  palatini;  posteriorly ,  with  the  middle  meningeal 
artery. 

Branches  of  Communication. — It  is  connected  by  two  or  three  short  filaments 
with  the  nerve  to  the  Pterygoideus  internus,  from  which  it  may  obtain  a  motor* 
and  possibly  a  sensory  root.  It  communicates  with  the  glossopharyngeal  and  facial 
nerves,  through  the  lesser  superficial  petrosal  nerve  continued  from  the  tympanic 
plexus,  and  through  this  nerve  it  probably  receives  a  root  from  the  glosso¬ 
pharyngeal  and  a  motor  root  from  the  facial;  its  sympathetic  root  consists  of  a 
filament  from  the  plexus  surrounding  the  middle  meningeal  artery.  The  fibers 
from  the  glossopharyngeal  which  pass  to  the  otic  ganglion  in  the  small  superficial 
petrosal  art1  supposed  to  be  sympathetic  efferent  (preganglionic)  fibers  from  the 
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Seiiaory  oread  of  the  head,  showing  the  general  distribution  of  the  ihreo  divisions  of  the  fifth  nerve. 
(Modified  from  Testut.) 


SubmaxiHary  Ganglion  (ganglion  spb maxillare )  (Fig.  796). — The  submaxillar 
ganglion  is  of.  small  size  and  is  fusiform  in  shape.  It  is  situated  above  the  deep 
portion  of  the  submaxillary  gland,  on  the  hyoglossus,  near  the  posterior  bonier 
of  the  Mylohyoideus,  and  is  connected  by  filaments  with  the  lower  border  of  the 
lingual  nerve.  It  is  suspended  from  the  lingual  nerve  by  two  filaments  which  join 
the  anterior  and  posterior  parts  of  the  ganglion.  Through  the  posterior  of  these 
it  receives  a  branch  from  the  chorda  tympani  nerve  which  runs  in  the  sheath  of 
the  lingual;  these  are  sympathetic  efferent  (preganglionic)  fibers  from  the  facial 
nucleus  or  the  superior  salivatory  nucleus  of  the  medulla  oblongata  that  terminate 
in  the  submaxillary  ganglion.  The  postganglionic  fibers  pass  to  the  submaxillar}' 
gland,  it  communicates  with  the  sympathetic  by  filaments  from  the  sympathetic 
plexus  around  the  external  maxillary  artery. 

Its  branches  of  distribution  are  five  or  six  in  number;  they  arhe  from  the  lower 
part  of  the  ganglion,  and  supply  the  mucous  membrane  of  the  mouth  and  the  duel 
of  the  submaxillary  gland,  some  being  lost  in  the  submaxillary  gland.  The  branch 
of  communication  from  the  lingual  to  the  forepart  of  the  ganglion  is  by  some 
regarded  as  a  branch  of  distribution,  through  which  filaments  pass  from  the  gan¬ 
glion  to  the  lingual  nerve,  and  by  it  are  conveyed  to  the  sublingual  gland  and  tk 
tongue. 


dorsal  nucleus  or  inferior  salivatory  nucleus  of  the  medulla.  Fibers  f postganglionic 1 
from  the  otic  ganglion  with  which  these  form  synapses  are  supposed  to  pass  with- 
the  auriculotemporal  nerve  to  the  parotid  gland.  A  slender  filament  (sphertoitM 
ascends  from  it  to  the  nerve  of  the  Pterygoid  canal,  and  a  small  branch  connects 
it  with  the  chorda  tympani. 

Its  branches  of  distribution  are:  a  filament  to  the  Tensor  tympani,  and  one  to 
the  Tensor  veli  palatini.  The  former  passes  backward,  lateral  to  the  auditory 
tube;  the  latter  arises  from  the  ganglion,  near  the  origin  of  the  nerve  to  the  Pten- 
goideus  interims,  and  is  directed  forward.  The  motor  fibers  of  these  muscles  are, 
however,  derived  from  the  nerve  to  the  Pterygoideus  interims. 
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Trigeminal  Nerve  Reflexes. — Pains  referred  to  various  branches  of  the  trigeminal  nerve  are  of 
very  frequent  occurrence,  and  should  always  lead  to  a  careful  examination  in  order  to  discover 
a  local  cause.  As  a  general  rule  the  diffusion  of  pain  over  the  various  branches  of  the  nerve  is 
at  first  confined  to  one  only  of  the  main  divisions,  and  the  search  for  the  causative  lesion  should 
always  commence  with  a  thorough  examination  of  all  those  parts  which  are  supplied  by  that 
division ;  although  in  severe  cases  pain  may  radiate  over  the  branches  of  the  other  main  divisions. 
The  commonest  example  of  this  condition  is  the  neuralgia  which  is  so  often  associated  with 
dental  caries — here,  although  the  tooth  itself  may  not  appear  to  be  painful,  the  most  distressing 
referred  pains  may  be  experienced,  and  these  are  at  once  relieved  by  treatment  directed  to  the 
affected  tooth. 

Many  other  examples  of  trigeminal  reflexes  could  be  quoted,  but  it  will  be  sufficient  to  mention 
the  more  common  ones.  Dealing  with  the  ophthalmic  nerve,  severe  supraorbital  pain  is  com¬ 
monly  associated  with  acute  glaucoma  or  with  disease  of  the  frontal  or  ethmoidal  air  cells.  Malig¬ 
nant  growths  or  empyema  of  the  maxillary  antrum,  or  unhealthy  conditions  about  the  inferior 
conchas  or  the  septum  of  the  nose,  are  often  found  giving  rise  to  “second  division”  neuralgia, 
and  should  be  always  looked  for  in  the  absence  of  dental  disease  in  the  maxilla. 

It  is  on  the  mandibular  nerve,  however,  that  some  of  the  most  striking  reflexes  are  seen.  It 
is  quite  common  to  meet  with  patients  who  complain  of  pain  in  the  ear,  in  whom  there  is  no  sign 
of  aural  disease,  and  the  cause  is  usually  to  be  found  in  a  carious  tooth  in  the  mandible.  More¬ 
over,  with  an  ulcer  or  cancer  of  the  tongue,  often  the  first  pain  to  be  experienced  is  one  which 
radiates  to  the  ear  and  temporal  fossa,  over  the  distribution  of  the  auriculotemporal  nerve. 


THE  ABDUCENT  NERVE  (N.  ABDUCENS;  SIXTH  NERVE)  (Fig.  795). 


The  abducent  nerve  supplies  the  Rectus  lateralis  oculi. 

Its  fibers  arise  from  a  small  nucleus  situated  in  the  upper  part  of  the  rhomboid 
fossa,  close  to  the  middle  line  and  beneath  the  colliculus  facialis.  They  pass  down¬ 
ward  and  forward  through  the  pons, 
and  emerge  in  the  furrow  between  the 
lower  border  of  the  pons  and  the  upper 
end  of  the  pyramid  of  the  medulla  ob¬ 
longata. 

From  the  nucleus  of  the  sixth  nerve, 
fibers  are  said  to  pass  through  the  medial 
longitudinal  fasciculus  to  the  oculomotor 
nerve  of  the  opposite  side,  along  which 
they  are  carried  to  the  Rectus  medialis. 

The  Rectus  lateralis  of  one  eye  and  the 
Rectus  medialis  of  the  other  may  there¬ 
fore  be  said  to  receive  their  nerves  from 
the  same  nucleus  (Fig.  803). 

The  nerve  pierces  the  dura  mater  on 
the  dorsum  sellre  of  the  sphenoid,  runs 
through  a  notch  in  the  bone  below  the 
posterior  clinoid  process,  and  passes  for¬ 
ward  through  the  cavernous  sinus,  on 
the  lateral  side  of  the  internal  carotid 
artery.  It  enters  the  orbit  through  the 
superior  orbital  fissure,  above  the  oph¬ 
thalmic  vein,  from  which  it  is  separated 
by  a  lamina  of  dura  mater.  It  then 
passes  between  the  two  heads  of  the 
Rectus  lateralis,  and  enters  the  ocular 
surface  of  that  muscle.  The  abducent 
nerve  is  joined  by  several  filaments  from 

the  carotid  and  cavernous  plexuses,  and  by  one  from  the  ophthalmic  nerve.  The 
oculomotor,  trochlear,  ophthalmic,  and  abducent  nerves  bear  certain  relations  to  each 
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other -ift  the  f'AviTnous  slnuSi  at  the  superior  orbital  fig&irth  And  in  tiie  oArfe  tif 
the  orbit,  as  follows : 

In  the  ftavsniotts  sums  (Fig.  MM),  the  oculomotor, '  trochlear.  and  nplityiniV 
nerves  ate  iri  the  lateral  wall,  of  the  sinus,  in  the  order  given,  frtmi  abw 

(li3wh\v:srd.  The  abducent  nerve  lies  at  the  lateral  side  of.  the  internal  «*t»sW 
artery.  As  these  nerves  pas.-;  forward  to  the  superior  orbital  fissure,  »k  miJie 

motor  and  ophthalmic  divide  iat/' 
branches,  and  the  abducent  mm 
approaches  the  others;  so  that  te 

coaddnrabh 


interval  carotid  ari^ptf 


relative  positions  are 
ebangedi 

In  the  superior  orbital  fissure  iffy 
M)5b  tiie  trochlear  iterve  mid  at- 
frontal  and  lacrimal  divisions M  tie- 
ophthalmic  lie  in  this;  order  fty® 
the  medial  to  the  lateral  sfde- «)*>■? 
tin?  same  plane;  they  enter  tlir  cidty 
uf  the  orbit  Above  the  nvasoles.  Ti*. 
remaining  nerves!  enter  the  orbit  be¬ 
tween  the  two  heads  of  tin?  Hems 
lateralis, 'jdl/ 
the  (M'ujoniotor  is  the  highest  of  these;  beneath-  this'  law  the  nasociliary  hwudt 
of  tiie  ophthalmic;  then  the  inferior  division  of  the  wuloinotor;  and  the  aWooffit 
lowest  of  fill. 

Ltnnio*  pulpebr/x 

f  '  '  •; 

I  7  ‘ A  { 

f  /}'  :,fv  'Tffciilect  '"  : ,;/v  :v'^'  ' 


Ktu  (c^OhUtXue  section  through  the  right  ttMvorpon^ 

ririus. 


'■  -  - ; --f. '  >  '  ■>  ' 

Sup.  row?  x  wvfoMkj*  j 

'  rtthitiil  jWtfrf-  \  '  { 

Hf> Tfr;  v.  ■'  ■  l 


Abdmcnl  ?*jPk»v;,  / 


Ui%  yiffWf'itt  ■**£*S^*  y:kj\  r  &$.<!(: 

,  .  •  ;  V-‘‘ ^v.’.  h':-  ;  ♦>. 

Fiu  fXfjk  —  Oiawpoli'Mtt  origin*  oi  tnuj*rl*a.  vr>d  r.mn  uterine  by  tbf  rufj«n>*r  *vWw<  Wpfi” 


||j  the-  orbits  thv-  tmdiWr  rn>nUM,  nni<  litomua}  lie  immediately  Mieath 

the.  periosteum,  the  trochlear  nerve  -resting  on  the  ObijquUs  superior,  the  fronhd 
on  dhc  Levator  paJjahra  superior^,  and  the  lacrimal  on  the  ?{«tus  lateral!* 
Ti.e  superior  division  of  the  oculomotor  nerve  lies  ini  mediately  beneath  the  Rwlm 


THE  FACIAL  NERVE 


907 


superior,  while  the  nasociliary  nerve  crosses  the  optic  nerve  to  reach  the  medial 
wall  of  the  orbit.  Beneath  these  is  the  optic  nerve,  surrounded  in  front  by  the 
ciliary  nerves,  and  having  the  ciliary  ganglion  on  its  lateral  side,  between  it  and  the 
Rectus  lateralis.  Below  the  optic  nerve  are  the  inferior  division  of  the  oculomotor, 
and  the  abducent,  the  latter  lying  on  the  medial  surface  of  the  Rectus  lateralis. 


THE  FACIAL  NERVE  (N.  FACIALIS;  SEVENTH  NERVE)  (Figs.  806,  808). 

The  facial  nerve  consists  of  a  motor  and  a  sensory  part,  the  latter  being  frequently 
described  under  the  name  of  the  nervus  intermedins  ( pars  intermedii  of  Wrisberg) 
(Fig.  806).  The  two  parts  emerge  at  the  lower  border  of  the  pons  in  the  recess 
between  the  olive  and  the  inferior  peduncle,  the  motor  part  being  the  more  medial, 
immediately  to  the  lateral  side  of  the  sensory  part  is  the  acoustic  nerve. 


Nucleus  Salivatorius 


Fig.  806. — Plan  of  the  facial  and  intermediate  nerves  and  their  communication  with  other  nervee. 


The  motor  part  supplies  somatic  motor  fibers  to  the  muscles  of  the  face,  scalp, 
and  auricle,  the  Buccinator  and  Platysma,  the  Stapedius,  the  Stylohyoideus, 
and  posterior  belly  of  the  Digastricus;  it  also  contains  some  sympathetic  motor 
fibers  which  constitute  the  vasodilator  nerves  of  the  submaxillary  and  sublingual 
glands,  and  are  conveyed  through  the  chorda  tympani  nerve.  These  are  pregan¬ 
glionic  fibers  of  the  sympathetic  system  and  terminate  in  the  submaxillary  ganglion 
and  small  ganglia  in  the  hilus  of  the  submaxillary  gland.  From  these  ganglia 
postganglionic  fibers  are  conveyed  to  these  glands.  The  sensory  part  contains 
the  fibers  of  taste  for  the  anterior  two-thirds  of  the  tongue  and  a  few  somatic 
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sensory  fibers from  the  middle <%t  region ,  'A.  few  splanchnic  sensory  fibers Jitydait. 
present.  •*’  ..  , , 

The  motor  root  aches  from  &  nucleus  which  Bei*  deeply  in  the  reticular  forraawrs 
tsi  the  lower  part  of  the  pons.  This  itwdetns  js  situated  above  the  nucleus  aJuhigiijk 
behind  the  superior  olivary  nucleus,  and  medial  to  the  spinal  tract  of  the  irigwfci- 
nal  iietve.  From  this  origin  the  fibers  pursue  a  curved  course  in  the  suluUfiw 
of  -the  ,/pons.  They  first  pass  backward  and  tnediahvard  toward  the.  rhooM 
fii^aa,  and;  reaching  the  posterior  cud  of  the:  nucleus  fif  th©  abducent  nerve,  nm 
upward  ch;>se  to  the  middle  line  beneath  theeojfieulus  fasciculus .  At  th$ 'superior 
end  of  the  nucleus  of  the  abducent  nerve  they  make  it  second  bend,  and  run  d*«B* 
ward  and  forward  throughtbe  pons  to  their  point  of  ©mergence  between  theolht 
and  the  inferior  peduncle. 

The  aansfiry  toot  ames  from  the  genicular  ganglion,  which  is  situated  oa  the  genic 
ulum  of  the  facial  nerve  in  the  facial  canal,  behind  the  hiatus  of  the  Canal ,  Theodk 
of  tins  ganglion  are  unipolar,  and  the  single  process  divided  in  h  T-shaped  manner 
into  central  anti  peripheral  branches.  The  central  brandies  leave  the  mini  A. 
the  facial  nerve  in  the  iDternaL  acoustic  meatus,  and  form  the  sensory  root;  the 
peripheral  branches  are  continucti  into  the  chorda  tympani  and  greater  suf^r- 
fidfil  petrossl  oeryes,  Entering  tKe  brain  st. th©  lower  border  of  the  pons  behweB 
the  motor  root  and  the  acoustic  nerve,  the  fibers  of  the  sensory  root  pass  into  tk 
substaniie  of  thc  suedidla  oblongata  and  ©fid  in  the  Upper  part  of  the  te/nunai 
nucleus  of' the:  «l0^s^baryngeaf;ntfibl'«  *iitd^ In  the fasciculus  solitarius. 


.Branch 

.  ■•m 


-  '  '.\  J.*. 


FlU  h()7<~Tk*  iouf&s  tktiil  contmotictp^  oftWfaciai  nerV«  in  thn  t*nipor*ri  bond 


From -their  superficial  attudunenta  to  the  brain,  the  two  roots  of  She  fecial  eero 
pass  lateralward  and  forward  with  the  acoustic  nerve  to  the  internal  ainuitk 
meatus.  In  the  meatus  tije  . motor  root  lifts  in  a  groove  on  the  upper  and  anterior 
Surface  of  the  acoustic  nerve,  the  sensory  root  .being  placed  between  them. 

At  the  bottom  ef  the  meatus,  the  facial  nerve  enters  the  facial  canal,  which  it 
traverses  to  its  termination  ftt  the  stykuoastold  foramen .  It  is  a  t  first  dinretai 


the  tyrupanic  citvity  to  the  stylomastoid  foramen.  The  point  where  it  change? 
its  direction  is  named  the  getuculum;  it  presents  a  reddish  ga  ngliffiriji  swelling.  ■ 
ge&jeakr  ganglion  [ganglion  gtn  fcidi;  geniculate  ganglion;  nucleus  of  (be  setW)iy 
of  Ike  mrve)  (Fig.  SO/).  On  emerging  from  the  sty  lomastoid  foramen,  the  find 
nerve  runs  forward  m  the  substance  of  tlw  parotid  glaod,  crosses  the  extents! 
carotid  artery,  and  divides  behind  the  ramus  of  the  mandible,  into  branches,  from 
w  hich  numerous  offsets  are  distributed  over :  the .tatfcysf  the  head,  faces  and  opprt 
part  of  the  neck,  supplying  the  superficiftl  nsus*fe*  in  these  regions.  The  branchc? 
and  their  offsets  unite  to  form  lie-  parotid  plexus. 

Branches  of  Communication, -  The  branches  of  communication  of  the  facial  nerve 
may  be  arranged  as  follows: 
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In  the  internal  acoustic 
meatus  . 


At  the  genicular  ganglion 


In  the  facial  canal  . 

At  its  exit  from  the  stylo¬ 
mastoid  foramen  . 

Behind  the  ear 
On  the  face 
In  the  neck 


With  the  acoustic  nerve. 

With  the  sphenopalatine  ganglion  by  the  greater 
superficial  petrosal  nerve. 

With  the  otic  ganglion  by  a  branch  which  joins 
the  lesser  superficial  petrosal  nerve. 

With  the  sympathetic  on  the  middle  meningeal 
.  artery. 

With  the  auricular  branch  of  the  vagus. 

With  the  glossopharyngeal. 

With  the  vagus. 

With  the  great  auricular. 

With  the  auriculotemporal. 

With  the  lesser  occipital. 

With  the  trigeminal. 

With  the  cutaneous  cervical. 


In  the  internal  acoustic  meatus  some  minute  filaments  pass  from  the  facial  to 
the  acoustic  nerve. 

The  greater  superficial  petrosal  nerve  ( large  superficial  petrosal  nerve)  arises  from 
the  genicular  ganglion,  and  consists  chiefly  of  sensory  branches  which  are  dis¬ 
tributed  to  the  mucous  membrane  of  the  soft  palate;  but  it  probably  contains  a  few 
motor  fibers  which  form  the  motor  root  of  the  sphenopalatine  ganglion.  It  passes 
forward  through  the  hiatus  of  the  facial  canal,  and  runs  in  a  sulcus  on  the  anterior 
surface  of  the  petrous  portion  of  the  temporal  bone  beneath  the  semilunar  ganglion, 
to  the  foramen  lacerum.  It  receives  a  twig  from  the  tympanic  plexus,  and  in  the 
foramen  is  joined  by  the  deep  petrosal,  from  the  sympathetic  plexus  on  the  internal 
carotid  artery,  to  form  the  nerve  of  the  pterygoid  canal  which  passes  forward 
through  the  pterygoid  canal  and  ends  in  the  sphenopalatine  ganglion.  The  genicular 
ganglion  is  connected  with  the  otic  ganglion  by  a  branch  which  joins  the  lesser 
superficial  petrosal  nerve,  and  also  with  the  sympathetic  filaments  accompanying 
the  middle  meningeal  artery.  According  to  Arnold,  a  twig  passes  back  from  the 
ganglion  to  the  acoustic  nerve.  Just  before  the  facial  nerve  emerges  from  the 
stylomastoid  foramen,  it  generally  receives  a  twig  from  the  auricular  branch  of 
the  vagus. 

After  its  exit  from  the  stylomastoid  foramen,  the  facial  nerve  sends  a  twig  to 
the  glossopharyngeal,  and  communicates  with  the  auricular  branch  of  the  vagus, 
with  the  great  auricular  nerve  of  the  cervical  plexus,  with  the  auriculotemporal 
nerve  in  the  parotid  gland,  and  with  the  lesser  occipital  behind  the  ear;  on  the  face 
with  the  terminal  branches  of  the  trigeminal,  and  in  the  neck  with  the  cutaneous 
cervical  nerve. 

Branches  of  Distribution. — The  branches  of  distribution  (Fig.  806)  of  the  facial 
nerve  may  be  thus  arranged: 


With  the  facial  canal 

At  its  exit  from  the  stylo¬ 
mastoid  foramen 

On  the  face  . 


f  Nerve  to  the  Stapedius  muscle. 
(  Chorda  tympani. 

Posterior  auricular. 

Digastric. 

Stylohyoid. 

Temporal. 

Zygomatic. 

Buccal. 

Mandibular. 

Cervical. 
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The  Nerve  to  the  Stapedius  (;<,  stapedius;  tympanic  branch)  arises  opposite  the 
pyramidal  eminence  (page  1050)  ;  it  passes  through  a  small  canal  in  this 


eminence 

to  reach  the  muscle. 

The  Chorda  Tympani  Nerve  is  given  off  from  the  facial  as  it  passes  liowowanj 
behind  the  tympanic  cavity,  about  0  mm.  from  the  stylomastoid  foramen,  It 
runs  upward  and  forward  in  a  canal,  and  enters  the  tympanic  cavity,  through  aii 
aperture  (iter  chordae  posterius)  on  its  posterior  wall,  close  to  the  medial  surfact 
of  the  posterior  border  of  the  tympanic  membrane  and  on  a  level  with  the  upper 


iff 

if  Mj&i&ay 


Fig.  808, — The  nerves  of  t  lie  scalp,  face,  auU  aid*i  of  neck. 


end  of  the  manubrium  of  the  malleus.  It  traverses  the  tympanic  cavity,  between 
the  fibrous  and  mucous  layers  of  the  tympanic  membrane,  crosses  the  manubrium 
of  the  malleus,  and  emerges  from  the  cavity  through  a  foramen  situated  ar  the  inner 
end  of  the  petrotympanic  fissure,  and  mimed  the  iter  chordae  anterius  i [canal  4 
HuQiiier).  It  then  descends  between  the  Pterygoideus  externus  and  internal  cs 
the  medial  surface  of  the  spina  angularis  of  tiie  sphenoid,  which  it  sometimes 
grooves,  and  joins,  at  an  acute  angle,  the  posterior  border  of  the  lingual  nerve. 
It  receives  a  few  efferent  fillers  from  the  motor  root;  these  enter  the  submaxillar* 
ganglion,  and  through  it  are  distributed  to  the  submaxillary  and  sublingual  gland*, 
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the  majority  of  its  fibers  are  afferent,  and  are  continued  onward  through  the  mus¬ 
cular  substance  of  the  tongue  to  the  mucous  membrane  covering  its  anterior 
two-thirds;  they  constitute  the  nerve  of  taste  for  this  portion  of  the  tongue.  Before 
uniting  with  the  lingual  nerve  the  chorda  tympani  is  joined  by  a  small  branch  from 
the  otic  ganglion. 

The  Posterior  Auricular  Nerve  (n.  auricularis  posterior)  arises  close  to  the  stylo¬ 
mastoid  foramen,  and  runs  upward  in  front  of  the  mastoid  process;  here  it  is  joined 
by  a  filament  from  the  auricular  branch  of  the  vagus,  and  communicates  with  the 
posterior  branch  of  the  great  auricular,  and  with  the  lesser  occipital.  As  it  ascends 
between  the  external  acoustic  meatus  and  mastoid  process  it  divides  into  auricular 
and  occipital  branches.  The  auricular  branch  supplies  the  Auricularis  posterior 
and  the  intrinsic  muscles  on  the  cranial  surface  of  the  auricula.  The  occipital 
branch,  the  larger,  passes  backward  along  the  superior  nuchal  line  of  the  occipital 
bone,  and  supplies  the  Occipitalis. 

The  Digastric  Branch  (ramus  digasiricus)  arises  close  to  the  stylomastoid  foramen, 
and  divides  into  several  filaments,  which  supply  the  posterior  belly  of  the  Digas- 
tricus;  one  of  these  filaments  joins  the  glossopharyngeal  nerve. 

The  Stylohyoid  Branch  ( ramus  stylohyoideus)  frequently  arises  in  conjunction 
with  the  digastric  branch;  it  is  long  and  slender,  and  enters  the  Stylohyoideus  about 
its  middle. 

The  Temporal  Branches  ( rami  temporales)  cross  the  zygomatic  arch  to  the  temporal 
region,  supplying  the  Auriculares  anterior  and  superior,  and  joining  with  the  zygo¬ 
maticotemporal  branch  of  the  maxillary,  and  with  the  auriculotemporal  branch 
of  the  mandibular.  The  more  anterior  branches  supply  the  Frontalis,  the  Orbicu¬ 
laris  oculi,  and  the  Corrugator,  and  join  the  supraorbital  and  lacrimal  branches 
of  the  ophthalmic. 

The  Zygomatic  Branches  (rami  zygomatici;  malar  branches )  run  across  the  zygo¬ 
matic  bone  to  the  lateral  angle  of  the  orbit,  where  they  supply  the  Orbicularis  oculi, 
and  join  with  filaments  from  the  lacrimal  nerve  and  the  zygomaticofacial  branch 
of  the  maxillary  nerve. 

The  Buccal  Branches  (rami  buccales;  infraorbital  branches) ,  of  larger  size  than  the 
rest,  pass  horizontally  forward  to  be  distributed  below  the  orbit  and  around  the 
mouth.  The  superficial  branches  run  beneath  the  skin  and  above  the  superficial 
muscles  of  the  face,  wrhich  they  supply:  some  are  distributed  to  the  Procerus, 
joining  at  the  medial  angle  of  the  orbit  with  the  infratrochlear  and  nasociliary 
branches  of  the  ophthalmic.  The  deep  branches  pass  beneath  the  Zygomaticus  and 
the  Quadratus  labii  superioris,  supplying  them  and  forming  an  infraorbital  plexus  with 
the  infraorbital  branch  of  the  maxillary  nerve.  These  branches  also  supply  the 
small  muscles  of  the  nose.  The  lowTer  deep  branches  supply  the  Buccinator  and 
Orbicularis  oris,  and  join  with  filaments  of  the  buccinator  branch  of  the  mandibular 
nerve. 

The  Mandibular  Branch  (ramus  marginalis  mandibulae)  passes  forward  beneath 
the  Platysma  and  Triangularis,  supplying  the  muscles  of  the  lower  lip  and  chin, 
and  communicating  with  the  mental  branch  of  the  inferior  alveolar  nerve. 

The  Cervical  Branch  (ramus  colli)  runs  forward  beneath  the  Platysma,  and  forms 
a  series  of  arches  across  the  side  of  the  neck  over  the  suprahyoid  region.  One 
branch  descends  to  join  the  cervical  cutaneous  nerve  from  the  cervical  plexus; 
others  supply  the  Platysma. 

THE  ACOUSTIC  NERVE  (EIGHTH  NERVE). 

The  acoustic  nerve  consists  of  two  distinct  sets  of  fibers  which  differ  in  their 
peripheral  endings,  central  connections,  functions,  and  time  of  medullation.  It  is 
soft  in  texture  and  devoid  of  neurilemma. 
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Cochlear  Nerve. — The  cochlear  nerve  or  root,  the  nerve  of  hearing,  arises  from 
bipolar  cells  in  the  spiral  ganglion  of  the  cochlea,  situated  near  the  inner  edge  of 
the  osseous  spiral  lamina.  The  peripheral  fibers  pass  to  the  organ  of  Corti.  The 
central  ones  pass  down  the  modiolus  and  then  through  the  foramina  of  the  tTactus 
spiralis  foraminosus  or  through  the  foramen  centrale  into  the  lateral  or  outer  end 
of  the  internal  auditory  meatus.  The  nerve  passes  along  the  internal  auditory 
meatus  with  the  vestibular  nerve  and  across  the  subarachnoid  space,  just  above 
the  flocculus,  almost  directly  medialward  toward  the  inferior  peduncle  to  terminate 
in  the  cochlear  nucleus. 

The  cochlear  nerve  is  placed  lateral  to  the  vestibular  root.  Its  fibers  end  in  two 
nuclei:  one,  the  accessory  nucleus,  lies  immediately  in  front  of  the  inferior  peduncle: 
the  other,  the  tuberculum  acusticum,  somewhat  lateral  to  it. 

The  stride  medullares  (stria  acusticce)  are  the  axons  of  the  cells  of  the  tuberculum 
acusticum.  They  pass  over  the  inferior  peduncle,  and  across  the  rhomboid  fossa 
to  the  median  sulcus.  Here  they  dip  into  the  substance  of  the  pons,  to  end  around 
the  cells  of  the  superior  olivary  nuclei  of  both  sides.  There  are,  however,  other 
fibers,  and  these  are  both  direct  and  crossed,  which  pass  into  the  lateral  lemniscus. 
The  cells  of  the  accessory  nucleus  give  origin  to  fibers  which  run  transversely  in  the 
pons  and  constitute  the  trapezium.  Of  the  trapezoid  fibers  some  end  around  the 
cells  of  the  superior  olivary  nucleus  or  of  the  trapezoid  nucleus  of  the  same  or 
opposite  side,  while  others,  crossed  or  uncrossed,  pass  directly  into  the  lateral 
lemniscus. 

If  the  further  connections  of  the  cochlear  nerve  of  one  side,  say  the  left,  be  con¬ 
sidered,  it  is  found  that  they  lie  lateral  to  the  main  sensory  tract,  the  lemniscus, 
and  are  therefore  termed  the  lateral  lemniscus.  The  fibers  comprising  the  left 
lateral  lemniscus  arise  in  the  superior  olivary  and  trapezoid  nuclei  of  the  same  or 
opposite  side,  while  others  are  the  uninterrupted  fibers  already  alluded  to,  and  these 
are  either  crossed  or  uncrossed,  the  former  being  the  axons  of  the  cells  of  the  right 
accessory  nucleus  or  of  the  cells  of  the  right  tuberculum  acusticum,  while  the 
latter  are  derived  from  the  cells  of  the  left  nuclei.  In  the  upper  part  of  the  lateral 
lemniscus  there  is  a  collection  of  nerve  cells,  the  nucleus  of  the  lateral  lemniscoi, 
around  the  cells  of  which  some  of  the  fibers  arborize  and  from  the  cells  of  which 
axons  originate  to  continue  upward  the  tract  of  the  lateral  lemniscus.  The  ultimate 
ending  of  the  left  lateral  lemniscus  is  partly  in  the  opposite  medial  geniculate 
body,  and  partly  in  the  inferior  colliculi.  From  the  cells  of  these  bodies  new  fibers 
arise  and  ascend  in  the  occipital  part  of  the  internal  capsule  to  reach  the  posterior 
three-fifths  of  the  left  superior  temporal  gyrus  and  the  transverse  temporal  gyri. 

Vestibular  Nerve. — The  vestibular  nerve  or  root,  the  nerve  of  equffibntkm, 
arises  from  bipolar  cells  in  the  vestibular  ganglion,  ganglion  of  Scarpa,  which  is 
situated  in  the  upper  part  of  the  outer  end  of  the  internal  auditory"  meatus.  The 
peripheral  fibers  divide  into  three  branches:  the  superior  branch  passes  through 
the  foramina  in  the  area  vestibularis  superior  and  ends  in  the  utricle  and  in  the 
ampullae  of  the  superior  and  lateral  semicircular  ducts;  the  fibers  of  the  inferior 
branch  traverse  the  foramina  in  the  area  vestibularis  inferior  and  end  in  the  saccule; 
the  posterior  branch  runs  through  the  foramen  singulare  and  supplies  the  ampulla 
of  the  posterior  semicircular  duct. 

THE  GLOSSOPHARYNGEAL  NERVE  (N.  GLOSSOPH ARYNGEUS ;  NINTH 

NERVE)  (Figs.  809,  810,  811). 

The  glossopharyngeal  nerve  contains  both  motor  and  sensory"  fibers,  and  is  dis¬ 
tributed,  as  its  name  implies,  to  the  tongue  and  phary  nx.  It  is  the  nerve  of  ordinary 
sensation  to  the  mucous  membrane  of  the  pharynx,  fauces,  and  palatine  tonsil,  and 
the  nerve  of  taste  to  the  posterior  part  of  the  tongue.  It  is  attached  by  three  or 
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In  passing  through  the  jugular  foramen,  the  nerve  presents  two  ganglia,  the 
superior  and  the  petrous  (Fig,  809), 

The  Superior  Ganglion  ( ganglion  mperius;  jugular  ganglion)  is  situated  in  the 
upper  part  of  the  groove  in  which  the  nerv  e  is  lodged  during  its  passage  through 
the  jugular  foramen.  It  is  very  small,  and  is  usually  regarded  as  a  detached 
portion  of  the  petrous  ganglion. 

The  Petrous  Ganglion  ( ganglion  petrosum;  inferior  ganglion)  is  larger  than  the 
superior  and  is  situated  in  a  depression  in  the  lower  border  of  the  petrous  portion 
of  the  temporal  bone. 
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Branches  of  Communication.  —  The  glossopharyngeal  nerve  communicates  with 
the  vagus,  sympathetic,  and  facial. 

The  branches  to  the  vagus  are  two  filaments  which  arise  from  the  petrous  gan¬ 
glion,  one  passing  to  the  auricular  branch,  and  the  other  to  the  jugular  ganglion, 
of  the  vagus.  The  petrous  ganglion  is  connected  by  a  filament  with  the  superior 
cervical  ganglion  of  the  sympathetic.  The  branch  of  communication  with  the  facial 
perforates  the  posterior  belly  of  the  Digastricus.  It  arises  from  the  trunk  of  the 
glossopharyngeal  below  the  petrous  ganglion,  and  joins  the  facial  just  after  the  exit 
of  that  nerve  from  the  stylomastoid  foramen. 

Branches  of  Distribution. — The  branches  of  distribution  of  the  glossopharyngeal 
are:  the  tympanic,  carotid,  pharyngeal,  muscular,  tonsillar,  and  lingual. 
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The  Tympanic  Nerve  in.  tynipanicus;  nerve  of  Jacobson')  arises  from  the  petrous 
ganglion,  and  ascends  to  the  tympanic  cavity  through  a  small  canal  on  the 
under  surface  of  the  petrous 
portion  of  the  temporal  bone  on 
the  ridge  which  separates  the 
carotid  canal  from  the  jugular 
fossa.  In  the  tympanic  cavity 
it  divides  into  branches  which 
form  the  tympanic  plexus  and 
are  contained  in  grooves  upon 
the  surface  of  the  promontory. 

This  plexus  gives  off:  (1)  the 
lesser  superficial  petrosal  nerve; 

(2)  a  branch  to  join  the  greater 
superficial  petrosal  nerve ,  and (3) 
branches  to  the  tympanic  cavity, 
all  of  which  will  be  described  in 
connection  with  the  anatomy  of 
the  middle  ear. 

The  Carotid  Branches  (n.  car - 
superior  arid  n. 
ea  rot icoty  m pan  icus  inferior)  de¬ 
scend  along  the  trunk  of  the 
internal  carotid  artery  as  far  as 
its  origin,  communicating  with 
the  pharyngeal  branch  of  the 
vagus,  and  with  branches  of 


Glostoph  ary  nyea  l 
Hi yus 
Accessory 


>  Internal  branch  0/ 
sup.  laryngeal 

External  branch  0/ 
sup.  laryngeal 


firm  n  rn  t 


Cardiac 


Pulmonary 


stijlopharyngeus)  is  distributed 
to  the  Stylopharvngeus. 

The  Tonsillar  Branches  {rami 
ionsi  Hares)  supply  the  palatine 
tonsil,  forming  around  it  a  plexus 
from  which  filaments  are  dis¬ 
tributed  to  the  soft  palate  and 
fauces,  where  they  communicate 
with  the  palatine  nerves. 

The  Lingual  Branches  ( rami 
linguales)  are  two  in  number;  one 
supplies  the  papilla?  vallate  and  the  mucous  membrane  covering  the  base  of  the 
tongue;  the  other  supplies  the  mucous  membrane  and  follicular  glands  of  the 
posterior  part  of  the  tongue,  and  communicates  with  the  lingual  nerve. 


Fi«  s  1  i  — Course  and  distribution  of  the  glosfiopbarynse*l, 
vagus.  &od  aecewoty  nervee,  „  \  v 
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THE  VAGUS  NERVE  (N.  VAGUS;  TENTH  NERVE;  PNEUMOGASTRIC 
NERVE)  (Figs.  809,  810,  811). 

The  vagus  nerve  is  composed  of  both  motor  and  sensory  fibers,  and  has  a  more 
extensive  course  and  distribution  than  any  of  the  other  cranial  nerves,  since  it 
passes  through  the  neck  and  thorax  to  the  abdomen. 

The  vagus  is  attached  by  eight  or  ten  filaments  to  the  medulla  oblongata  in  the 
groove  between  the  olive  and  the  inferior  peduncle,  below  the  glossopharyngeal. 
The  sensory  fibers  arise  from  the  cells  of  the  jugular  ganglion  and  ganglion  nodosum 
of  the  nerve,  and,  when  traced  into  the  medulla  oblongata  mostly  end  by  arborizing 
,  around  the  cells  of  the  inferior  part  of  a  nucleus  which  lies  beneath  the  ala  cinerea 
in  the  lower  part  of  the  rhomboid  fossa.  These  are  the  sympathetic  afferent  fibers. 
Some  of  the  sensory  fibers  of  the  glossopharyngeal  nerve  have  been  seen  to  end  in 
the  upper  part  of  this  nucleus.  A  few  of  the  sensory  fibers  of  the  vagus,  probably 
taste  fibers,  descend  in  the  fasciculus  solitarius  and  end  around  its  cells.  The  somatic 
sensory  fibers,  few  in  number,  from  the  posterior  part  of  the  external  auditory 
meatus  and  the  back  of  the  ear,  probably  join  the  spinal  tract  of  the  trigeminal  as 
it  descends  in  the  medulla.  The  somatic  motor  fibers  arise  from  the  cells  of  the 
nucleus  ambiguus,  already  referred  to  in  connection  with  the  motor  root  of  the 
glossopharyngeal  nerve. 

The  sympathetic  efferent  fibers,  distributed  probably  as  preganglionic  fibers  to 
the  thoracic  and  abdominal  viscera,  i.  e.y  as  motor  fibers  to  the  bronchial  tree, 
inhibitory  fibers  to  the  heart,  motor  fibers  to  the  esophagus,  stomach,  small  intes¬ 
tine  and  gall  passages,  and  as  secretory  fibers  to  the  stomach  and  pancreas,  arise 
from  the  dorsal  nucleus  of  the  vagus. 

The  filaments  of  the  nerve  unite,  and  form  a  flat  cord,  which  passes  beneath 
the  flocculus  to  the  jugular  foramen,  through  which  it  leaves  the  cranium.  In 
emerging  through  this  opening,  the  vagus  is  accompanied  by  and  contained  in 
the  same  sheath  of  dura  mater  with  the  accessory  nerve,  a  septum  separating 
them  from  the  glossopharyngeal  which  lies  in  front  (Fig.  810).  In  this  situation 
the  vagus  presents  a  well-marked  ganglionic  enlargement,  which  is  called  the  jugular 
ganglion  {ganglion  of  the  root) ;  to  it  the  accessory  nerve  is  connected  by  one  or 
two  filaments.  After  its  exit  from  the  jugular  foramen  the  vagus  is  joined  by  the 
cranial  portion  of  the  accessory  nerve,  and  enlarges  into  a  second  gangliform  swell¬ 
ing,  called  the  ganglion  nodosum  {ganglion  of  the  trunk) ;  through  this  the  fibers  of  the 
cranial  portion  of  the  accessory  pass  without  interruption,  being  principally 
distributed  to  the  pharyngeal  and  superior  laryngeal  branches  of  the  vagus,  but 
some  of  its  fibers  descend  in  the  trunk  of  the  vagus,  to  be  distributed  with  the 
recurrent  nerve  and  probably  also  with  the  cardiac  nerves. 

The  vagus  nerve  passes  vertically  down  the  neck  within  the  carotid  sheath, 
lying  between  the  internal  jugular  vein  and  internal  carotid  artery  as  far  as  the 
upper  border  of  the  thyroid  cartilage,  and  then  between  the  same  vein  and  the 
common  carotid  artery  to  the  root  of  the  neck.  The  further  course  of  the  nerve 
differs  on  the  two  sides  of  the  body. 

On  the  right  side ,  the  nerve  passes  across  the  subclavian  artery  between  it  and 
the  right  innominate  vein,  and  descends  by  the  side  of  the  trachea  to  the  back  of 
the  root  of  the  lung,  where  it  spreads  out  in  the  posterior  pulmonary  plexus.  From 
the  lower  part  of  this  plexus  two  cords  descend  on  the  esophagus,  and  divide  to 
form,  with  branches  from  the  opposite  nerve,  the  esophageal  plexus.  Below,  these 
branches  are  collected  into  a  single  cord,  which  runs  along  the  back  of  the  esophagus 
enters  the  abdomen,  and  is  distributed  to  the  postero-inferior  surface  of  the  stomach, 
joining  the  left  side  of  the  celiac  plexus,  and  sending  filaments  to  the  lienal  plexus. 

On  the  left  side ,  the  vagus  enters  the  thorax  between  the  left  carotid  and  sub¬ 
clavian  arteries,  behind  the  left  innominate  vein.  It  crosses  the  left  side  of  the 
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arch  of  the  aorta,  and  descends  behind  the  root  of  the  left  lung,  forming  there 
the  posterior  pulmonary  plexus.  From  this  it  runs  along  the  anterior  surface  of  the 
esophagus,  where  it  unites  with  the  nerve  of  the  right  side  in  the  esophageal 
plexus,  and  is  continued  to  the  stomach,  distributing  branches  over  its  antero- 
superior  surface;  some  of  these  extend  over  the  fundus,  and  others  along  the  lesser 
curvature.  Filaments  from  these  branches  enter  the  lesser  omentum,  and  join  the 
hepatic  plexus. 

The  Jugular  Ganglion  (ganglion  jugular e;  ganglion  of  the  root)  is  of  a  grayish 
color,  spherical  in  form,  about  4  mm.  in  diameter. 

Branches  ol  Communication. — This  ganglion  is  connected  by  several  delicate 
filaments  to  the  cranial  portion  of  the  accessory  nerve;  it  also  communicates  by 
a  twig  with  the  petrous  ganglion  of  the  glossopharyngeal,  with  the  facial  nerve 
by  means  of  its  auricular  branch,  and  with  the  sympathetic  by  means  of  an  ascend¬ 
ing  filament  from  the  superior  cervical  ganglion. 

The  Ganglion  Nodosum  (ganglion  of  the  trunk;  inferior  ganglion )  is  cylindrical 
in  form,  of  a  reddish  color,  and  2.5  cm.  in  length.  Passing  through  it  is  the  cranial 
portion  of  the  accessory  nerve,  which  blends  with  the  vagus  below  the  ganglion. 

Branches  of  Communication. — This  ganglion  is  connected  with  the  hypoglossal, 
the  superior  cervical  ganglion  of  the  sympathetic,  and  the  loop  between  the  first 
and  second  cervical  nerves. 

Branches  of  Distribution. — The  branches  of  distribution  of  the  vagus  are: 

Meningeal. 

Auricular. 

1  Pharyngeal. 

Superior  laryngeal. 

Recurrent. 

Superior  cardiac. 

'  Inferior  cardiac. 

Anterior  bronchial. 

Posterior  bronchial. 
.Esophageal. 

Gastric. 

*  Celiac. 

Hepatic. 

The  Meningeal  Branch  (ramus  meningeus;  dural  branch)  is  a  recurrent  filament 
given  off  from  the  jugular  ganglion;  it  is  distributed  to  the  dura  mater  in  the 
posterior  fossa  of  the  base  of  the  skull. 

The  Auricular  Branch  (ramus  auricularis;  nerve  of  Arnold)  arises  from  the  jugular 
ganglion,  and  is  joined  soon  after  its  origin  by  a  filament  from  the  petrous  ganglion 
of  the  glossopharyngeal;  it  passes  behind  the  internal  jugular  vein,  and  enters  the 
mastoid  canaliculus  on  the  lateral  wall  of  the  jugular  fossa.  Traversing  the  sub¬ 
stance  of  the  temporal  bone,  it  crosses  the  facial  canal  about  4  mm.  above  the  stylo¬ 
mastoid  foramen,  and  here  it  gives  off  an  ascending  branch  which  joins  the  facial 
nerve.  The  nerve  reaches  the  surface  by  passing  through  the  tympanomastoid 
fissure  between  the  mastoid  process  and  the  tympanic  part  of  the  temporal  bone, 
and  divides  into  two  branches:  one  joins  the  posterior  auricular  nerve,  the  other 
is  distributed  to  the  skin  of  the  back  of  the  auricula  and  to  the  posterior  part  of 
the  external  acoustic  meatus. 

The  Pharyngeal  Branch  (ramus  pharyngeus) ,  the  principal  motor  nerve  of  the 
pharynx,  arises  from  the  upper  part  of  the  ganglion  nodosum,  and  consists  prin¬ 
cipally  of  filaments  from  the  cranial  portion  of  the  accessory  nerve.  It  passes 
across  the  internal  carotid  artery  to  the  upper  border  of  the  Constrictor  pharyngis 


In  the  Jugular  Fossa  . 
In  the  Neck  . 

In  the  Thorax 

In  the  Abdomen  . 
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medius,  where  it  divides  into  numerous  filaments,  which  join  with  branches  from 
the  glossopharyngeal,  sympathetic,  and  external  laryngeal  to  form  the  ph&ryzifeil 
plexus.  From  the  plexus,  branches  are  distributed  to  the  muscles  and  mucous 
membrane  of  the  pharynx  and  the  muscles  of  the  soft  palate,  except  the  Tensor 
veli  palatini.  A  minute  filament  descends  and  joins  the  hypoglossal  nerve  as  it 
winds  around  the  occipital  artery. 

The  Superior  Laryngeal  Nerve  (n.  laryngeus  superior)  larger  than  the  preceding, 
arises  from  the  middle  of  the  ganglion  nodosum  and  in  its  course  receives  a  branch 
from  the  superior  cervical  ganglion  of  the  sympathetic.  It  descends,  by  the  side  of 
the  pharynx,  behind  the  internal  carotid  artery,  and  divides  into  two  branches, 
external  and  internal. 

The  external  branch  {ramus  extemus),  the  smaller,  descends  on  the  larynx,  beneath 
the  Sternothyreoideus,  to  supply  the  Cricothyreoideus.  It  gives  branches  to  the 
pharyngeal  plexus  and  the  Constrictor  pharyngis  inferior,  and  communicates  with 
the  superior  cardiac  nerve,  behind  the  common  carotid  artery. 

The  internal  branch  ( ramus  intemus)  descends  to  the  hyothyroid  membrane, 
pierces  it  in  company  with  the  superior  laryngeal  artery,  and  is  distributed  to  the 
mucous  membrane  of  the  larynx.  Of  these  branches  some  are  distributed  to  the 
epiglottis,  the  base  of  the  tongue,  and  the  epiglottic  glands;  others  pass  backward, 
in  the  ary  epiglottic  fold,  to  supply  the  mucous  membrane  surrounding  the  entrance 
of  the  larynx,  and  that  lining  the  cavity  of  the  larynx  as  low  down  as  the  vocal 
folds.  A  filament  descends  beneath  the  mucous  membrane  on  the  inner  surface 
of  the  thyroid  cartilage  and  joins  the  recurrent  nerve. 

The  Recurrent  Nerve  (n.  recurrens;  inferior  or  recurrent  laryngeal  nerve )  amts, 
on  the  right  side,  in  front  of  the  subclavian  artery;  winds  from  before  back¬ 
ward  around  that  vessel,  and  ascends  obliquely  to  the  side  of  the  trachea  behind 
the  common  carotid  artery,  and  either  in  front  of  or  behind  the  inferior  thyroid 
artery.  On  the  left  side,  it  arises  on  the  left  of  the  arch  of  the  aorta,  and  winds 
below  the  aorta  at  the  point  where  the  ligamentum  arteriosum  is  attached,  and  then 
ascends  to  the  side  of  the  trachea.  The  nerve  on  either  side  ascends  in  the  groove 
between  the  trachea  and  esophagus,  passes  under  the  lower  border  of  the  Con¬ 
strictor  pharyngis  inferior,  and  enters  the  larynx  behind  the  articulation  of  the 
inferior  cornu  of  the  thyroid  cartilage  with  the  cricoid;  it  is  distributed  to  all  the 
muscles  of  the  larynx,  excepting  the  Cricothyreoideus.  It  communicates  with  the 
internal  branch  of  the  superior  laryngeal  nerve,  and  gives  off  a  few  filaments  to 
the  mucous  membrane  of  the  lower  part  of  the  larynx. 

As  the  recurrent  nerve  hooks  around  the  subclavian  artery  or  aorta,  it  gives 
off  several  cardiac  filaments  to  the  deep  part  of  the  cardiac  plexus.  As  it  ascends 
in  the  neck  it  gives  off  branches,  more  numerous  on  the  left  than  on  the  right  side, 
to  the  mucous  membrane  and  muscular  coat  of  the  esophagus;  branches  to  the 
mucous  membrane  and  muscular  fibers  of  the  trachea;  and  some  pharyngeal 
filaments  to  the  Constrictor  pharyngis  inferior. 

The  Superior  Cardiac  Branches  ( rami  cardiad  superior es;  cervical  cardiac  branches), 
two  or  three  in  number,  arise  from  the  vagus,  at  the  upper  and  lower  parts  of  the 
neck. 

The  upper  branches  are  small,  and  communicate  with  the  cardiac  branches 
of  the  sympathetic.  They  can  be  traced  to  the  deep  part  of  the  cardiac  plexus. 

The  lower  branch  arises  at  the  root  of  the  neck,  just  above  the  first  rib.  That 
from  the  right  vagus  passes  in  front  or  by  the  side  of  the  innominate  artery,  and 
proceeds  to  the  deep  part  of  the  cardiac  plexus;  that  from  the  left  runs  down  across 
the  left  side  of  the  arch  of  the  aorta,  and  joins  the  superficial  part  of  the  cardiac 
plexus. 

The  Inferior  Cardiac  Branches  {rami  cardiad  inferiores;  thoracic  cardiac  branches 
on  the  right  side,  arise  from  the  trunk  of  the  vagus  as  it  lies  by  the  side  of  the 
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trachea,  and  from  its  recurrent  nerve;  on  the  left  side  from  the  recurrent  nerve  only; 
passing  inward,  they  end  in  the  deep  part  of  the  cardiac  plexus. 

The  Anterior  Bronchial  Branches  ( rami  bronchioles  anterior es;  anterior  or  ventral 
pulmonary  branches ),  two  or  three  in  number,  and  of  small  size,  are  distributed 
on  the  anterior  surface  of  the  root  of  the  lung.  They  join  with  filaments  from  the 
sympathetic,  and  form  the  anterior  pulmonary  plexus. 

The  Posterior  Bronchial  Branches  (rami  bronchioles  posterior  es;  posterior  or  dorsal 
pulmonary  branches) ,  more  numerous  and  larger  than  the  anterior,  are  distributed 
on  the  posterior  surface  of  the  root  of  the  lung;  they  are  joined  by  filaments  from 
the  third  and  fourth  (sometimes  also  from  the  first  and  second)  thoracic  ganglia 
of  the  sympathetic  trunk,  and  form  the  posterior  pulmonary  plexus.  Branches  from 
this  plexus  accompany  the  ramifications  of  the  bronchi  through  the  substance  of 
the  lung. 

The  Esophageal  Branches  (rami  cesophagei)  are  given  off  both  above  and  below 
the  bronchial  branches;  the  lower  are  numerous  and  larger  than  the  upper.  They 
form,  together  with  the  branches  from  the  opposite  nerve,  the  esophageal  plexus. 
From  this  plexus  filaments  are  distributed  to  the  back  of  the  pericardium. 

The  Gastric  Branches  (rami  gastrici )  are  distributed  to  the  stomach.  The  right 
vagus  forms  the  posterior  gastric  plexus  on  the  postero-inferior  surface  of  the  stomach 
and  the  left  the  anterior  gastric  plexus  on  the  antero-superior  surface. 

The  Celiac  Branches  (rami  cceliaci)  are  mainly  derived  from  the  right  vagus:  they 
join  the  celiac  plexus  and  through  it  supply  branches  to  the  pancreas,  spleen, 
kidneys,  suprarenal  bodies,  and  intestine. 

The  Hepatic  Branches  (rami  hepatid)  arise  from  the  left  vagus :  they  join  the  hepatic 
plexus  and  through  it  are  conveyed  to  the  liver. 


THE  ACCESSORY  NERVE  (N.  ACCESSORIUS;  ELEVENTH  NERVE; 

SPINAL  ACCESSORY  NERVE)  (Figs. 810,  811,  812). 

The  accessory  nerve  consists  of  two  parts:  a  cranial  and  a  spinal. 

The  Cranial  Part  (ramus  intemus;  accessory  portion)  is  the  smaller  of  the  two. 
Its  fibers  arise  from  the  cells  of  the  nucleus  ambiguus  and  emerge  as  four  or  five 
delicate  rootlets  from  the  side  of  the  medulla  oblongata,  below  the  roots  of  the 
vagus.  It  runs  lateralward  to  the  jugular  foramen,  where  it  interchanges  fibers 
with  the  spinal  portion  or  becomes  united  to  it  for  a  short  distance;  here  it  is  also 
connected  by  one  or  two  filaments  with  the  jugular  ganglion  of  the  vagus.  It 
then  passes  through  the  jugular  foramen,  separates  from  the  spinal  portion  and 
is  continued  over  the  surface  of  the  ganglion  nodosum  of  the  vagus,  to  the  surface  of 
which  it  is  adherent,  and  is  distributed  principally  to  the  pharyngeal  and  superior 
laryngeal  branches  of  the  vagus.  Through  the  pharyngeal  branch  it  probably  sup¬ 
plies  the  Musculus  uvulae  and  Levator  veli  palatini.  Some  few  filaments  from  it 
are  continued  into  the  trunk  of  the  vagus  below  the  ganglion,  to  be  distributed  with 
the  recurrent  nerve  and  probably  also  with  the  cardiac  nerves. 

The  Spinal  Part  (ramus  extemus;  spinal  portion)  is  firm  in  texture,  and  its  fibers 
arise  from  the  motor  cells  in  the  lateral  part  of  the  anterior  column  of  the  gray  sub¬ 
stance  of  the  medulla  spinalis  as  low  as  the  fifth  cervical  nerve.  Passing  through  the 
lateral  funiculus  of  the  medulla  spinalis,  they  emerge  on  its  surface  and  unite  to 
form  a  single  trunk,  which  ascends  between  the  ligamentum  denticulatum  and  the 
posterior  roots  of  the  spinal  nerves,  enters  the  skull  through  the  foramen  magnum, 
and  is  then  directed  to  the  jugular  foramen,  through  which  it  passes,  lying  in  the 
same  sheath  of  dura  mater  as  the  vagus,  but  separated  from  it  by  a  fold  of  the 
arachnoid.  In  the  jugular  foramen,  it  receives  one  or  two  filaments  from  the 
cranial  part  of  the  nerve,  or  else  joins  it  for  a  short  distance  and  then  separates  from 
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it  again.  As  its  exit  from  the  jugular  foramen,  it  runs  backward  in  front  of  tie 
internal  jugular  vein  in  66.6  per  cent,  of  cases,  and  behind  in  it  33.3  per  cent 
(Tandler).  The  nerve  then  descends  obliquely  behind  the  Digastricus  and  Stylo 
hyoideus  to  the  upper  part  of  the  Sternoeleidomastoideus;  it  pierces  this  muscle, 
and  courses  obliquely  aeross  the  posterior  triangle  of  the  neck,  to  end  in  the  deep 
surface  of  the  Trapezius.  As  it  traverses  the  Sternocleidomastoideus  it  gives  several 
filaments  to  the  muscle,  and  joins  with  branches  from  the  second  cervical  nerve. 
In  the  posterior  triangle  it  unites  with  the  second  and  third  cervical  nerves,  while 
beneath  the  Trapezius  it  forms  a  plexus  with  the  third  and  fourth  cervical  nerves, 
and  from  this  plexus  fibers  are  distributed  to  the  muscle. 
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Pi  a  812. — Hypoglossal  nerve,  cervical  plexus,  and  their  branches. 


THE  HYPOGLOSSAL  NERVE  (N.  HYPOGLOSSUS;  TWELFTH  NERVE) 

(Figs.  812,  813). 


The  hypoglossal  nerve  is  the  motor  nerve  of  the  tongue. 

Its  fibers  arise  from  the  cells  of  the  hypoglossal  nucleus,  which  is  an  upward 
prolongation  of  the  base  of  the  anterior  column  of  gray  substance  of  the  medulla 
spinalis.  This  nucleus  is  about  2  cm.  in  length,  and  its  upper  part  corresponds 
with  the  trigonum  hypoglossi,  or  lower  portion  of  the  medial  eminence  of  the  rhom¬ 
boid  fossa  (page  785).  The  lower  part  of  the  nucleus  extends  downward  into  the 
closed  part  of  the  medulla  oblongata,  and  there  lies  in  relation  to  the  ventrolateral 
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aspect  of  the  central  canal.  The  fibers  run  forward  through  the  medulla  oblongata, 
and  emerge  in  the  antero-lateral  sulcus  between  the  pyramid  and  the  olive. 

The  rootlets  of  this  nerve  are  collected  into  two  bundles,  which  perforate  the 
dura  mater  separately,  opposite  the  hypoglossal  canal  in  the  occipital  bone,  and 
unite  together  after  their  passage  through  it;  in  some  cases  the  canal  is  divided 
into  two  by  a  small  bony  spicule.  The  nerve  descends  almost  vertically  to  a  point 
corresponding  with  the  angle  of  the  mandible.  It  is  at  first  deeply  seated  beneath 
the  internal  carotid  artery  and  internal  jugular  vein,  and  intimately  connected  with 
the  vagus  nerve;  it  then  passes  forward  between  the  vein  and  artery,  and  lower 


Fio.  813. — Plan  of  hypoglossal  nerve. 


down  in  the  neck  becomes  superficial  below  the  Digastricus.  The  nerve  then  loops 
around  the  occipital  artery,  and  crosses  the  external  carotid  and  lingual  arteries 
below  the  tendon  of  the  Digastricus.  It  passes  beneath  the  tendon  of  the  Digas¬ 
tricus,  the  Stylohyoideus,  and  the  Mylohyoideus,  lying  between  the  last-named 
muscle  and  the  Hyoglossus,  and  communicates  at  the  anterior  border  of  the  Hyo- 
glossus  with  the  lingual  nerve;  it  is  then  continued  forward  in  the  fibers  of  the 
Genioglossus  as  far  as  the  tip  of  the  tongue,  distributing  branches  to  its  muscular 
substance. 

Branches  of  Communication. — Its  branches  of  communication  are,  with  the 
Vagus.  First  and  second  cervical  nerves. 

Sympathetic.  Lingual. 

The  communications  with  the  vagus  take  place  close  to  the  skull,  numerous 
filaments  passing  between  the  hypoglossal  and  the  ganglion  nodosum  of  the  vagus 
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through  the  mass  of  connective  tissue  which  unites  the  two  nerves.  As  the  nerve 
winds  around  the  occipital  artery  it  gives  off  a  filament  to  the  pharyngeal  plexus. 

The  communication  with  the  sympathetic  takes  place  opposite  the  atlas  by 
branches  derived  from  the  superior  cervical  ganglion,  and  in  the  same  situation 
the  nerve  is  joined  by  a  filament  derived  from  the  loop  connecting  the  first  and 
second  cervical  nerves. 

The  communications  with  the  lingual  take  place  near  the  anterior  border  of  the 
Hyoglossus  by  numerous  filaments  which  ascend  upon  the  muscle. 

Branches  of  Distribution. — The  branches  of  distribution  of  the  hypoglossal  nerve 
are: 

Meningeal.  Thyrohyoid. 

Descending.  Muscular. 

Of  these  branches,  the  meningeal,  descending,  thyrohyoid,  and  the  muscular 
twig  to  the  Geniohyoideus,  are  probably  derived  mainly  from  the  branch  which 
passes  from  the  loop  between  the  first  and  second  cervical  to  join  the  hypoglossal 
(Fig.  813). 

Meningeal  Branches  ( dural  branches). — As  the  hypoglossal  nerve  passes  through 
the  hypoglossal  canal  it  gives  off,  according  to  Luschka,  several  filaments  to  the 
dura  mater  in  the  posterior  fossa  of  the  skull. 

The  Descending  Ramus  ( ramus  descendens;  descendens  hypoglossi ),  long  and  slender, 
quits  the  hypoglossal  where  it  turns  around  the  occipital  artery  and  descends  in 
front  of  or  in  the  sheath  of  the  carotid  vessels;  it  gives  a  branch  to  the  superior 
belly  of  the  Omohyoideus,  and  then  joins  the  communicantes  cervicales  from  the 
second  and  third  cervical  nerves;  just  below  the  middle  of  the  neck,  to  form  a  loop, 
the  ansa  hypoglossi.  From  the  convexity  of  this  loop  branches  pass  to  supply 
the  Sternohyoideus,  the  Sternothyreoideus,  and  the  inferior  belly  of  the  Omo¬ 
hyoideus.  According  to  Arnold,  another  filament  descends  in  front  of  the  vessels 
into  the  thorax,  and  joins  the  cardiac  and  phrenic  nerves. 

The  Thyrohyoid  Branch  ( ramus  thyreohyoideus)  arises  from  the  hypoglossal  near 
the  posterior  border  of  the  hyoglossus;  it  runs  obliquely  across  the  greater  cornu 
of  the  hyoid  bone,  and  supplies  the  Thyreohyoideus  muscle. 

The  Muscular  Branches  are  distributed  to  the  Styloglossus,  Hyoglossus,  Genio¬ 
hyoideus,  and  Genioglossus.  At  the  under  surface  of  the  tongue  numerous  slender 
branches  pass  upward  into  the  substance  of  the  organ  to  supply  its  intrinsic  muscles. 

THE  SPINAL  NERVES  (NERVI  SPINALES). 

The  spinal  nerves  spring  from  the  medulla  spinalis,  and  are  transmitted  through 
the  intervertebral  foramina.  They  number  thirty-one  pairs,  which  are  grouped 
as  follows:  Cervical,  8;  Thoracic,  12;  Lumbar,  5;  Sacral,  5;  Coccygeal,  1. 

The  first  cervical  nerve  emerges  from  the  vertebral  canal  between  the  occipital 
bone  and  the  atlas,  and  is  therefore  called  the  suboccipital  nerve;  the  eighth  issues 
between  the  seventh  cervical  and  first  thoracic  vertebrae. 

Nerve  Roots. — Each  nerve  is  attached  to  the  medulla  spinalis  by  two  roots, 
an  anterior  or  ventral,  and  a  posterior  or  dorsal,  the  latter  being  characterized  by 
the  presence  of  a  ganglion,  the  spinal  ganglion. 

The  Anterior  Root  (radix  anterior;  ventral  root)  emerges  from  the  anterior  surface 
of  the  medulla  spinalis  as  a  number  of  rootlets  or  filaments  (JUa  radicuhria ), 
which  coalesce  to  form  two  bundles  near  the  intervertebral  foramen. 

The  Posterior  Root  (radix  posterior;  dorsal  root)  is  larger  than  the  anterior  owing 
to  the  greater  size  and  number  of  its  rootlets;  these  are  attached  along  the  postero¬ 
lateral  furrow  of  the  medulla  spinalis  and  unite  to  form  two  bundles  which  join 
the  spinal  ganglion.  The  posterior  root  of  the  first  cervical  nerve  is  exceptional 
in  that  it  is  smaller  than  the  anterior;  it  is  occasionally  wanting. 
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the  other  regions;  tneir  lnuiviauai  ma-  posterior 
ments  are  also  larger  than  those  of  the 
anterior  roots*  The  posterior  root  of 
the  first  cervical  is  an  exception  to  this 
rule,  being  smaller  than  the  anterior 
root;  in  eight  per  cent,  of  cases  it  is 
wanting.  The  roots  of  the  first  and 
second  cervical  nerves  are  short,  and 
run  nearly  horizontally  to  their  points 
of  exit  from  the  vertebral  canal.  From 
the  second  to  the  eighth  cervical  they 
are  directed  obliquely  downward,  the 
obliquity  and  length  of  the  roots  succes¬ 
sively  increasing;  the  distance,  however, 
between  the  level  of  attachment  of  any 
of  these  roots  to  the  medulla  spinalis  and 
the  points  of  exit  of  the  corresponding 
nerves  never  exceeds  the  depth  of  one  *howthener^ 
vertebra. 

The  roots  of  the  thoracic  nerves,  with  the  exception  of  the  first,  are  of  small 
size,  and  the  posterior  only  slightly  exceed  the  anterior  in  thickness.  They  increase 
successively  in  length,  from  above  downward,  and  in  the  lower  part  of  the  thoracic 


A*re*io» 

ROOT* 


U&ANC'NTVM 

OfcNTlCWUkTllM 

ANTERIOR 

ROOTS 


POSTERIOR 

floors 


IHEflVS 
IH  ITS  SHCRTH 


924 


NEUROLOGY 


region  descend  in  contact  with  the  medulla  spinalis  for  a  distance  equal  to  the  height 
of  at  least  two  vertebrae  before  they  emerge  from  the  vertebral  canal. 


Fio.  815. — Distribution  of  cutaneous  nerves.  Ventral  aspect. 


The  roots  of  the  lower  lumbar  and  upper  sacral  nerves  are  the  largest,  and  their 
individual  filaments  the  most  numerous  of  all  the  spinal  nerves,  while  the  roots 
of  the  coccygeal  nerve  are  the  smallest. 
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The  roots  of  the  lumbar,  sacral,  and  coccygeal  nerves  run  vertically  downward 
to  their  respective  exits,  and  as  the  medulla  spinalis  ends  near  the  lower  border 


of  the  first  lumbar  vertebra  it  follows  that  the  length  of  the  successive  roots  must 
rapidly  increase.  As  already  mentioned  (page  ^55),  the  term  cauda  equina  is  applied 
to  this  collection  of  nerve  roots. 
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From  the  description  given  it  will  be  seen  that  the  largest  nerve  roots,  and 
consequently  the  largest  spinal  nerves,  are  attached  to  the  cervical  and  lumbar 
swellings  of  the  medulla  spinalis;  these  nerves  are  distributed  to  the  upper  and 
lower  limbs. 

Connections  with  Sympathetic. — Immediately  beyond  the  spinal  ganglion,  the 
anterior  and  posterior  nerve  roots  unite  to  form  the  spinal  nerve  which  emerges 
through  the  intervertebral  foramen.  Each  spinal  nerve  receives  a  branch  (gray 
ramus  communicans)  from  the  adjacent  ganglion  of  the  sympathetic  trunk,  while 
the  thoracic,  and  the  first  and  second  lumbar  nerves  each  contribute  a  branch 
(white  ramus  communicans)  to  the  adjoining  sympathetic  ganglion.  The  second, 
third,  and  fourth  sacral  nerves  also  supply  white  rami;  these,  however,  are  not 
connected  with  the  ganglia  of  the  sympathetic  trunk,  but  run  directly  into  the 
pelvic  plexuses  of  the  sympathetic. 


Fig.  817. — Scheme  showing  structure  of  a  typical  spinal  nerve.  1.  Somatic  efferent.  2.  Somatio  afferent.  3.4.5. 
Sympathetic  efferent.  6,  7.  Sympathetic  afferent. 


Structure. — Each  typical  spinal  nerve  contains  fibers  belonging  to  two  systems,  viz.,  the 
somatic,  and  the  sympathetic  or  splanchnic,  as  well  as  fibers  connecting  these  systems  with  each 
other  (Fig.  817). 

1.  The  somatic  fibers  are  efferent  and  afferent.  The  efferent  fibers  originate  in  the  cells  of  the 
anterior  column  of  the  medulla  spinalis,  and  run  outward  through  the  anterior  nerve  roots  to  the 
spinal  nerve.  They  convey  impulses  to  the  voluntary  muscles,  and  are  continuous  from  their 
origin  to  their  peripheral  distribution.  The  afferent  fibers  convey  impressions  inward  from  the 
skin,  etc.,  and  originate  in  the  unipolar  nerve  cells  of  the  spinal  ganglia.  The  single  processes 
of  these  cells  divide  into  peripheral  and  central  fibers,  and  the  latter  enter  the  medulla  spinalis 
through  the  posterior  nerve  roots. 

2.  The  sympathetic  fibers  are  also  efferent  and  afferent.  The  efferent  fibers,  preganglionic  fibers, 
originate  in  the  lateral  column  of  the  medulla  spinalis,  and  are  cofiveyed  through  the  anterior 
nerve  root  and  the  white  ramus  communicans  to  the  corresponding  ganglion  of  the  sympathetic 
trunk;  here  they  may  end  by  forming  synapses  around  its  cells,  or  may  run  through  the  ganglion 
to  end  in  another  of  the  ganglia  of  the  sympathetic  trunk,  or  in  a  more  distally  placed  ganglion 
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it>  one  Qf  the  eyrnputhetic  ptexicscs.  lrt  all  v&s&s  they  end  l>y  funning  fciytiiipsefc  nrotmd  other  nonre 
FPOuV  the  cells  of  fife  ghngUa  of  tl*a,  sympathetic.  tmnk:  other  fibers,;  poftlgniigiiornc  fibers., 
takebri gin ; fcmnu of  ran  through.  \\m  gray  rami  ^onitnxjiiieanto  to.  join  the spimd  tt^rsre^,  along 

whioh -they  are  /rarfitoJ  to  .the.  Wood  voxels  -of.  the  trunk  &udftirib&,  while  others  pit^s  to  the  ykeera, 
either  directly  $p  after  mtermptibn  5n  one  of  tW  fibers  aaj  derftyd 

part  ly  irpvfl  i%%&.  wi-ipolair  wlls  and  partly  from  the  mult  ipol&r  coils  of  the  spinal  ganglia  Theif  \*?r* 
jplieial  prbtniweH  amcumd  through  Urn  white-  rami.  eoiiununieanU^*  and  after  panning  tJiftaigfi  om 
or  uiums^njnilhf^tu?  gsumfia  (hutjdwftys  without  iuterrupi  i* *n  in  them;)  finally  end  in  the  tissues  of 
the  riA^ra,  f£ju*  coipral  pnicet^ys  of  the  unipolar  cel  la  enter  the  medtiifc  3pd»Kh# ^ 
pttiehitft&ri®-  roi*t  atfd  form  sytjapsea arouml  ei  ther  soma  tie  nr  Byinpai  lailii: 
completing  iyfl<>$:*uT\s.  The  demftitc*  of  the  inroltipnhir  nerve'  evils form  Nyuap^a  around  the  coils 
of  type  il  Dogh-i )  hi  the  8pir»ul  ganglia,  and. by  this  path  the  original irpptd^?i?*  tt»tf>Tet?ed 
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Divisions. — After  emerging  from  the.  intervembfyl  foriojett.  each  spina!  nerve 
gives  c»lf  ?*  small  meningeal  branch .-wlueh  reenters  the  vertebral  cams!  through  the 
mten’ertebrai  forameu  and  supplies  the  vertebra?  sui>l  tiirtr  liggnjents,  and  tiie 
bloocJ  vessels  of  the  Tftediatta  -spinalis  and  .its  .membranes.  The  spinal  ngrw  then 
splits  info  a  posterior  or  dorsal,  and  an  anterior  or  ventral  division,  each  revolving 
fihres  from  Itolh  nerve  roots. 


POSTERIOR  DIVISIONS  OP  THE  SPINAL  NERVES  (RAMI  POSTERIORES) 


The  posterior  divisions  aro  as  a  ride  ifetai»Jler  than  tlie  Anterior *.:  They  are  directed 
backward,  and,  \Vith  the  excoptibi?.*  of  those  of  the  first  wrvieHi,  the  .fourth  And 
fifth  saerai,  and  the tvirvygud,  divide  into luedial  ami. lateral  branebec-for  the. supply 
of  the  muscles  and  skin  (Figs. MS  -Sid,  <vgti)  of  the  posterior  part  of  the  trank. 
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The  Cervical  Nerves  Nn.  Cervicales) 


The  posterior  division  of  the  first  cervical  or  suboecipit&l  nerve  is  larger  Umn 
the  anterior  division,  and  emerges  above  the  posterior  areh  of  the  iithis  and  benmtit 
the'  Vertebral  artery.  It.  enters  the  suboeeipitui  triaoyV-  and  sdppHes  tin-  too  odes 
which  bound  this  triangle,  via..,  the  Kectus  eapiris  posterior  niajor.  and  the  (tbliqui 
superior  and  inferior;  it.  gives  branches  also  to  tile  ftertus  itsipitis  posterior  ndnor 
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and  the  Semispinalis  capitis.  A  filament  from  the  branch  to  the  Obliquus  inferior 
joins  the  posterior  division  of  the  second  cervical  nerve. 

The  nerve  occasionally  gives  off  a  cutaneous  branch  which  accompanies  the  occipital  artery 

l  nerves. 


to  the  scalp,  and  communicates  with  the  greater  and  lesser  occipital 
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Fio  £20  —Area?  of  distribution  of  the  cutaneou*  branches  of  ibe 
poKterior  divisions  of  t!ie  spinal  nerves.  The  area?  of  the  medial 
branches  are  in  black,  those  of  the  lateral  in  red.  (fl.  XI.  Johnston  J 


The  posterior  division  of  the  second  cervical  nerve  is  much  larger  than  the 
anterior  division,  and  is  the  greatest  of  ail  the  cervical  posterior  divisions.  It 
emerges  between  the  posterior-  arch  of  the  atlas  anti  the  lamina  of  the  axis,  below 
the  Obliquus  inferior.  It  supplies  a  twig  to  this  muscle,  receives  a  communicating 
filament  from  the  posterior  division  of  the  first  cervical,  and  then  divides  into  a 
large  medial  and  a  small  lateral  branch. 
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The  medial  branch  ( ramus  medialis ;  internal  branch),  called  from  its  size  and 
distribution  the  greater  occipital  nerve  (ft.  occipitalis  major;  great  occipital  nerve), 
ascends  obliquely  between  the  Obliquus  inferior  and  the  Semispinalis  capitis,  and 
pierces  the  latter  muscle  and  the  Trapezius  near  their  attachments  to  the  occipital 
bone  (Fig.  818).  It  is  then  joined  by  a  filament  from  the  medial  branch  of  the 
posterior  division  of  the  third  cervical,  and,  ascending  on  the  back  of  the  head 
with  the  occipital  artery,  divides  into  branches  which  communicate  with  the  lesser 
occipital  nerve  and  supply  the  skin  of  the  scalp  as  far  forward  as  the  vertex  of  the 
skull.  It  gives  off  muscular  branches  to  the  Semispinalis  capitis,  and  occasionally 
a  twig  to  the  back  of  the  auricula.  The  lateral  branch  ( ramus  lateralis;  external 
branch)  supplies  filaments  to  the  Splenius,  Longus  capitis,  and  Semispinalis  capitis, 
and  is  often  joined  by  the  corresponding  branch  of  the  third  cervical. 

The  posterior  division  of  the  third  cervical  is  intermediate  in  size  between  those 
of  the  second  and  fourth.  Its  medial  branch  runs  between  the  Semispinalis  capitis 
and  cervicis,  and,  piercing  the  Splenius  and  Trapezius,  ends  in  the  skin.  While 
under  the  Trapezius  it  gives  off  a  branch  called  the  third  occipital  nerve,  which  pierces 
the  Trapezius  and  ends  in  the  skin  of  the  lower  part  of  the  back  of  the  head  (Fig. 
818).  It  lies  medial  to  the  greater  occipital  and  communicates  with  it.  The 
lateral  branch  often  joins  that  of  the  second  cervical. 

The  posterior  division  of  the  suboccipital,  and  the  medial  branches  of  the  posterior  division 
of  the  second  and  third  cervical  nerves  are  sometimes  joined  by  communicating  loops  to  form 
the  posterior  cervical  plexus  (Cruveilhier). 

The  posterior  divisions  of  the  lower  five  cervical  nerves  divide  into  medial 
and  lateral  branches.  The  medial  branches  of  the  fourth  and  fifth  run  between  the 
Semispinales  cervicis  and  capitis,  and,  having  reached  the  spinous  processes, 
pierce  the  Splenius  and  Trapezius  to  end  in  the  skin  (Fig.  819).  Sometimes  the 
branch  of  the  fifth  fails  to  reach  the  skin.  Those  of  the  lower  three  nerves  are 
small,  and  end  in  the  Semispinales  cervicis  and  capitis,  Multifidus,  and  Inter- 
spinales.  The  lateral  branches  of  the  lower  five  nerves  supply  the  Iliocostalis 
cervicis,  Longissimus  cervicis,  and  Longissimus  capitis. 

The  Thoracic  Nerves  (Nn.  Thoracales). 

The  medial  branches  ( ramus  medialis;  internal  branch)  of  the  posterior  divisions  of 
the  npper  six  thoracic  nerves  run  between  the  Semispinalis  dorsi  and  Multifidus, 
which  they  supply;  they  then  pierce  the  Rhomboidei  and  Trapezius,  and  reach 
the  skin  by  the  sides  of  the  spinous  processes  (Fig.  819).  The  medial  branches 
of  the  lower  six  are  distributed  chiefly  to  the  Multifidus  and  Longissimus  dorsi, 
occasionally  they  give  off  filaments  to  the  skin  near  the  middle  line. 

The  lateral  branches  {ramus  laieralis;  external  branch)  increase  in  size  from  above 
downward.  They  run  through  or  beneath  the  Longissimus  dorsi  to  the  interval 
between  it  and  the  Iliocostales,  and  supply  these  muscles;  the  lower  five  or  six 
also  give  off  cutaneous  branches  which  pierce  the  Serratus  posterior  inferior  and 
Latissimus  dorsi  in  a  line  with  the  angles  of  the  ribs  (Fig.  819).  The  lateral 
branches  of  a  variable  number  of  the  upper  thoracic  nerves  also  give  filaments 
to  the  skin.  The  lateral  branch  of  the  twelfth  thoracic,  after  sending  a  filament 
medialward  along  the  iliac  crest,  passes  downward  to  the  skin  of  the  buttock. 

The  medial  cutaneous  branches  of  the  posterior  divisions  of  the  thoracic  nerves  descend  for 
some  distance  close  to  the  spinous  processes  before  reaching  the  skin,  while  the  lateral  branches 
travel  downward  for  a  considerable  distance — it  may  be  as  much  as  the  breadth  of  four  ribs — 
before  they  become  superficial;  the  branch  from  the  twelfth  thoracic,  for  instance,  reaches  the 
skin  only  a  little  way  above  the  iliac  crest.1 

1  See  article  by  H.  M.  Johnston,  Journal  of  Anatomy  and  Physiology,  vol.  43. 
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The  Coccygeal  Nerve  (N.  Coccygeus). 

The  posterior  division  of  the  coccygeal  nerve  ( ramus  'posterior)  does  not  divide 
into  a  medial  and  a  lateral  branch,  but  receives,  as  already  stated,  a  communicating 
branch  from  the  last  sacral;  it  is  distributed  to  the  skin  over  the  back  of  the  coccyx. 

ANTERIOR  DIVISIONS  OF  THE  SPINAL  NERVES  (RAMI  ANTERIORES). 

The  anterior  divisions  of  the  spinal  nerves  supply  the  antero-lateral  parts  of  the 
trunk,  and  the  limbs;  they  are  for  the  most  part  larger  than  the  posterior  divisions. 
In  the  thoracic  region  they  run  independently  of  one  another,  but  in  the  cervical, 
lumbar,  and  sacral  regions  they  unite  near  their  origins  to  form  plexuses. 


The  Cervical  Nerves  (Nn.  Cervicales). 


The  anterior  divisions  of  the  cervical  nerves  {rami  anterior es),  with  the  exception 
of  the  first,  pass  outward  between  the  Intertransversarii  anterior  and  posterior, 
lying  on  the  grooved  upper  surfaces  of  the  transverse  processes  of  the  vertebrae. 
The  anterior  division  of  the  first  or  suboccipital  nerve  issues  from  the  vertebral  canal 
above  the  posterior  arch  of  the  atlas  and  runs  forward  around  the  lateral  aspect 
of  its  superior  articular  process,  medial  to  the  vertebral  artery.  In  most  cases  it 
descends  medial  to  and  in  front  of  the  Rectus  capitis  lateralis,  but  occasionally  it 
pierces  the  muscle. 

The  anterior  divisions  of  the  upper  four  cervical  nerves  unite  to  form  the  cervical 
plexus,  and  each  receives  a  gray  ramus  communicans  from  the  superior  cervical 
ganglion  of  the  sympathetic  trunk.  Those  of  the  lower  four  cervical,  together  with 
the  greater  part  of  the  first  thoracic,  form  the  brachial  plexus.  They  each  receive 
a  gray  ramus  communicans,  those  for  the  fifth  and  sixth  being  derived  from  the 
middle,  and  those  for  the  seventh  and  eighth  from  the  lowest,  cervical  ganglion 
of  the  sympathetic  trunk. 

The  Cervical  Plexus  {plexus  cermcalis)  (Fig.  822). — The  cervical  plexus  is  formed 
by  the  anterior  divisions  of  the  upper  four  cervical  nerves;  each  nerve,  except 
the  first,  divides  into  an  upper  and  a  lower  branch,  and  the  branches  unite  to  form 
three  loops.  The  plexus  is  situated  opposite  the  upper  four  cervical  vertebrae,  in 
front  of  the  Levator  scapulae  and  Scalenus  medius,  and  covered  by  the  Sterno- 
cleidomastoideus. 

Its  branches  are  divided  into  two  groups,  superficial  and  deep,  and  are  here 
given  in  tabular  form;  the  figures  following  the  names  indicate  the  nerves  from 
which  the  different  branches  take  origin: 


Superficial 


Internal 


Deep 


External 


Smaller  occipital 

. 

2,  C. 

Great  auricular  . 

2,  3,  C. 

Cutaneous  cervical 

. 

2,  3,  C. 

Supraclavicular 

. 

3,  4,  C. 

With  hypoglossal 

1,  2,  C. 

Communicating 

“  vagus  . 

1,  2,  C. 

“  sympathetic 

1,2, 3, 4,  C. 

Rectus  capitis  lateralis 

1,  C. 

Rectus  capitis  anterior 

1.  2,  C. 

Muscular  . 

Longus  capitis 
Communicantes  cervi¬ 

1,  2,  3,  C. 

cales 

2,  3,  C. 

Phrenic 

3,  4,  5,  C. 

Communicating  with 

accessory 

2,  3,  4,  C. 

Sternocleidomastoideus 

2,  C. 

Trapezius 

3,  4,  C. 

.Muscular  . 

j  Levator  scapulae  . 

3,  4,  C. 

1 

[Scalenus  medius 

3,  4,  C. 
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Superficial  Branches  of  the  Cervical  Plexus  (Fig.  $23). — The  Smaller  Occipital 
Nerve  (n.  occipitalis  minor;  small  occipital  nerve)  arises  from  the  second  cervical 
nerve,  sometimes  also  from  the  third;  it  curves  around  and  ascends  along  the 
posterior  border  of  the  Sternocleidomastoideus.  Near  the  cranium  it  perforates 
the  deep  fascia,  and  is  continued  upward  along  the  side  of  the  head  behind  the 
auricula,  supplying  the  skin  and  communicating  with  the  greater  occipital,  the 
great  auricular,  and  the  posterior  auricular  branch  of  the  facial.  The  smaller 
occipital  varies  in  size,  and  is  sometimes  duplicated. 


Fia.  822. — Plan  of  the  cervical  plexus.  (Gerrish.) 

It  gives  off  an  auricular  branch,  which  supplies  the  skin  of  the  upper  and  back 
part  of  the  auricula,  communicating  with  the  mastoid  branch  of  the  great  auricular. 
This  branch  is  occasionally  derived  from  the  greater  occipital  nerve. 

The  Great  Auricular  Nerve  (n.  auricularis  magnus)  is  the  largest  of  the  ascending 
branches.  It  arises  from  the  second  and  third  cervical  nerves,  winds  around  the 
posterior  border  of  the  Sternocleidomastoideus,  and,  after  perforating  the  deep 
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fascia,  ascends  upon  that  muscle  beneath  the  Hatysma  to  the  parotid  gland,  where 
it  divides  into  an  anterior  and  a  posterior  branch. 

The  anterior  branch  (ramus  anterior;  facial  branch)  is  distributed  to  the  skin  of 
the  face  over  the  parotid  gland,  and  communicates  in  the  substance  of  the  gland 
with  the  facial  nerve. 


V'Vmwvonort 
of  wfrtitlrochltdr 

•  •f  VtUia&y 


The  posterior  branch  (ramus  'posterior ;  mastoid  branch)  supplies  the  skin  over  the 
mastoid  proce.ss  and  on  the  back  of  the  auricula,  except  at  its  upper  part  ;  a  filament 
pierces  the  auricula  to  reach  its  lateral  surface,  where  it  is  distributed  to  the  lobule 
and  lower  part  of  the  concha.  The  posterior  branch  communicates  with  the  smaller 
occipital,  the  auricular  branch  of  the  vagus,  and  the  posterior  auricular  branch 
of  the  facial. 

The  Cutaneous  Cervical  (n.  cutaneus  colli;  superficial  or  transverse  cervical  nerve) 
arises  from  the  second  and  third  cervical  nerves,  turns  around  the  posterior  border 
of  the  Sternocleidomastoideus  about  its  middle,  and,  passing  obliquely  forward 
beneath  the  external  jugylar  vein  to  the  anterior  border  of  the  muscle,  it  perforates 
the  deep  cervical  fascia,  and  divides  beneath  the  Platysma  into  ascending  and 
descending  branches,  which  are  distributed  to  the  antero-lateral  parts  of  the  neck. 

The  ascending  branches  ( rami  superiores)  pass  upward  to  the  submaxillary  region, 
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and  form  a  plexus  with  the  cervical  branch  of  the  facial  nerve  beneath  the  Platysma; 
others  pierce  that  muscle,  and  are  distributed  to  the  skin  of  the  upper  and  front 
part  of  the  neck. 

The  descending  branches  {rami  inferiores )  pierce  the  Platysma,  and  are  distributed 
to  the  skin  of  the  side  and  front  of  the  neck,  as  low  as  the  sternum. 

The  Supraclavicular  Nerves  (nn.  supraclaviculares;  descending  branches)  arise  from 
the  third  and  fourth  cervical  nerves;  they  emerge  beneath  the  posterior  border 
of  the  Stemocleidomastoideus,  and  descend  in  the  posterior  triangle  of  the  neck 
beneath  the  Platysma  and  deep  cervical  fascia.  Near  the  clavicle  they  perforate 
the  fascia  and  Platysma  to  become  cutaneous,  and  are  arranged,  according  to 
their  position,  into  three  groups — anterior,  middle  and  posterior. 

The  anterior  supraclavicular  nerves  (nn.  supraclaviculares  anteriores;  suprasternal 
nerves)  cross  obliquely  over  the  external  jugular  vein  and  the  clavicular  and  sternal 
heads  of  the  Stemocleidomastoideus,  and  supply  the  skin  as  far  as  the  middle  line. 
They  furnish  one  or  two  filaments  to  the  sternoclavicular  joint. 

The  middle  supraclavicular  nerves  (nn.  supraclaviculares  medii ;  supraclavicular 
nerves)  cross  the  clavicle,  and  supply  the  skin  over  the  Pectoralis  major  and  Del- 
toideus,  communicating  with  the  cutaneous  branches  of  the  upper  intercostal  nerves. 

The  posterior  supraclavicular  nerves  (nn.  supraclaviculares  posteriores;  supra-acromial 
nerves)  pass  obliquely  across  the  outer  surface  of  the  Trapezius  and  the  acromion, 
and  supply  the  skin  of  the  upper  and  posterior  parts  of  the  shoulder. 

Deep  Branches  of  the  Cervical  Plexus.  Internal  Series. — The  Communicatmi 
Branches  consist  of  several  filaments,  which  pass  from  the  loop  between  the  first 
and  second  cervical  nerves  to  the  vagus,  hypoglossal,  and  sympathetic.  The  branch 
to  the  hypoglossal  ultimately  leaves  that  nerve  as  a  series  of  branches,  viz.,  the 
descending  ramus,  the  nerve  to  the  Thyreohyoideus  and  the  nerve,  to  the  Genio 
hyoideus  (see  page  922).  A  communicating  branch  also  passes  from  the  fourth 
to  the  fifth  cervical,  while  each  of  the  first  four  cervical  nerves  receives  a  gray 
ramus  communicans  from  the  superior  cervical  ganglion  of  the  sympathetic. 

Muscular  Branches  supply  the  Longus  capitis,  Rectus  capitis  anterior,  and  Rectu> 
capitis  lateralis. 

The  Communicantes  Cervicales  {communicantes  hypoglossi)  (Fig.  822)  cornet 
usually  of  two  filaments,  one  derived  from  the  second,  and  the  other  from  the  third 
cervical.  These  filaments  join  to  form  the  descendens  cervicalis,  which  passes 
downward  on  the  lateral  side  of  the  internal  jugular  vein,  crosses  in  front  of  the 
vein  a  little  below  the  middle  of  the  neck,  and  forms  a  loop  (ansa  hypoglossi)  with 
the  descending  ramus  of  the  hypoglossal  in  front  of  the  sheath  of  the  carotid 
vessels  (see  page  922).  Occasionally,  the  loop  is  formed  within  the  sheath. 

The  Phrenic  Nerve  (n.  phrenicus;  internal  respiratory  nerve  of  Bell)  contains  motor 
and  sensory  fibers  in  the  proportion  of  about  two  to  one.  It  arises  chiefly  from  the 
fourth  cervical  nerve,  but  receives  a  branch  from  the  third  and  another  from  the 
fifth;  the  fibers  from  the  fifth  occasionally  come  through  the  nerve  to  the  Sub- 
clavius.  It  descends  to  the  root  of  the  neck,  running  obliquely  across  the  front 
of  the  Scalenus  anterior,  and  beneath  the  Stemocleidomastoideus,  the  inferior 
belly  of  the  Omohyoideus,  and  the  transverse  cervical  and  transverse  scapular 
vessels.  It  next  passes  in  front  of  the  first  part  of  the  subclavian  artery,  between 
it  and  the  subclavian  vein,  and,  as  it  enters  the  thorax,  crosses  the  internal  mam¬ 
mary  artery  near  its  origin.  Within  the  thorax,  it  descends  nearly  vertically  in 
front  of  the  root  of  the  lung,  and  then  between  the  pericardium  and  the  medias¬ 
tinal  pleura,  to  the  diaphragm,  where  it  divides  into  branches,  which  pierce 
that  muscle,  and  are  distributed  to  its  under  surface.  In  the  thorax  it  is  accom¬ 
panied  by  the  pericardiacophrenic  branch  of  the  internal  mammary  artery. 

The  two  phrenic  nerves  differ  in  their  length,  and  also  in  their  relations  at  the 
upper  part  of  the  thorax. 
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The  right  nerve  is  situated  more  deeply,  and  is  shorter  and  more  vertical  in 
direction  than  the  left;  it  lies  lateral  to  the  right  innominate  vein  and  superior 
vena  cava. 

The  left  nerve  is  rather  longer  than  the  right,  from  the  inclination  of  the  heart 
to  the  left  side,  and  from  the  diaphragm  being  lower  on  this  than  on  the  right  side. 
At  the  root  of  the  neck  it  is  crossed  by  the  thoracic  duct;  in  the  superior  mediastinal 
cavity  it  lies  between  the  left  common  carotid  and  left  subclavian  arteries,  and 
crosses  superficial  to  the  vagus  on  the  left  side  of  the  arch  of  the  aorta. 
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Each  nerve  supplies  filaments  to  the  pericardium  and  pleura,  and  at  the  root 
of  the  neck  is  joined  by  a  filament  from  the  sympathetic,  and,  occasionally,  by 
one  from  the  ansa  hypoglossi.  Branches  have  been  described  as  passing  to  the 
peritoneum. 

From  the  right  nerve,  one  or  two  filaments  pass  to  join  in  a  small  phrenic  ganglion 
with  phrenic  branches  of  the  celiac  plexus;  and  branches  from  this  ganglion  are 
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distributed  to  the  falciform  and  coronary  ligaments  of  the  liver,  the  suprarenal 
gland,  inferior  vena  cava,  and  right  atrium.  From  the  left  nerve,  filaments  pass  to 
join  the  phrenic  branches  of  the  celiac  plexus,  but  without  any  ganglionic  enlarge- 
ment;  and  a  twig  is  distributed  to  the  left  suprarenal  gland. 

Deep  Branches  of  the  Cervical  Plexus.  External  Series. — Communicating 
Branches. — The  external  series  of  deep  branches  of  the  cervical  plexus  communi¬ 
cates  with  the  accessory  nerve,  in  the  substance  of  the  Sternocleidomastoid^ 
in  the  posterior  triangle,  and  beneath  the  Trapezius. 

Muscular  Branches  are  distributed  to  the  Sternocleidoinastoideus,  Trapezius, 
Levator  scapula?,  and  Scalenus  medius. 

The  branch  for  the  Sternocleidomastoideus  is  derived  from  the  second  cervical; 
the  Trapezius  and  Levator  scapula?  receive  branches  from  the  third  and  fourth. 
The  Scalenus  medius  receives  twigs  either  from  the  third  or  fourth,  or  occasionally 
from  both. 
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Fit;.  S25. — Plan  of  brachial  plexus. 


The  Brachial  Plexus  (plexus  brachialis)  (Fig.  825). — The  brachial  plexus  ia 
formed  by  the  union  of  the  anterior  divisions  of  the  lower  four  cervical  nerves  and 
the  greater  part  of  the  anterior  division  of  the  first  thoracic  nerve;  the  fourth  cer¬ 
vical  usually  gives  a  branch  to  the  fifth  cervical,  and  the  first  thoracic  frequently 
receives  one  from  the  second  thoracic.  The  plexus  extends  "from  the  lower  part 
of  the  side  of  the  neck  to  the  axilla.  The  nerves  which  form  it  are  nearly  equal  in 
size,  but  their  mode  of  communication  is  subject  to  some  variation.  The  following 
is,  however,  the  most  constant  arrangement.  The  fifth  and  sixth  cervical  unite 
soon  after  their  exit  from  the  intervertebral  foramina  to  form  a  trunk.  The  eighth 
cervical  and  first  thoracic  also  unite  to  form  one  trunk,  while  the  seventh  cervical 
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runs  out  alone.  Three  trunks — upper,  middle,  and  lower — are  thus  formed,  and, 
as  they  pass  beneath  the  clavicle,  each  splits  into  an  anterior  and  a  posterior  divi¬ 
sion.1  The  anterior  divisions  of  the  upper  and  middle  trunks  unite  to  form  a  cord, 
which  is  situated  on  the  lateral  side  of  the  second  part  of  the  axillary  artery,  and 
is  called  the  lateral  cord  or  fasciculus  of  the  plexus.  The  anterior  division  of  the 
lower  trunk  passes  down  on  the  medial  side  of  the  axillary  artery,  and  forms  the 
medial  cord  or  fasciculus  of  the  brachial  plexus.  The  posterior  divisions  of  all  three 
trunks  unite  to  form  the  posterior  cord  or  fasciculus  of  the  plexus,  which  is  situated 
behind  the  second  portion  of  the  axillary  artery. 

Relations. — In  the  neck,  the  brachial  plexus  lies  in  the  posterior  triangle,  being  covered  by  the 
skin,  Platysma,  and  deep  fascia;  it  is  crossed  by  the  supraclavicular  nerves,  the  inferior  belly 
of  the  Omohyoideus,  the  external  jugular  vein,  and  the  transverse  cervical  artery.  It  emerges 
between  the  Scaleni  anterior  and  modius;  its  upper  part  lies  above  the  third  part  of  the  sub¬ 
clavian  artery,  while  the  trunk  formed  by  the  union  of  the  eighth  cervical  and  first  thoracic  is 
placed  behind  the  artery;  the  plexus  next  passes  behind  the  clavicle,  the  Subclavius,  and  the  trans¬ 
verse  scapular  vessels,  and  lies  upon  the  first  digitation  of  the  Serratus  anterior,  and  the  Sub- 
scapularis,  In  the  axilla  it  is  placed  lateral  to  the  first  portion  of  the  axillary  artery;  it  surrounds 
the  second  part  of  the  artery’,  one  cord  lying  medial  to  it,  one  lateral  to  it,  and  one  behind  it; 
at  the  lower  part  of  the  axilla  it  gives  off  its  terminal  branches  to  the  upper  limb. 
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Fio.  X26, — Tbe  right  brachial  plexus  with  its  short  branches,  viewed  from  in  front.  The  fHter nomaet  oid  and  Trapejuun 
r*<mk dee  have  beeh  completely,  the  Omohyoid  and  Subclaviu*  have  been  partially,  removed;  a  piece  has  been  sawed  out 
xri  the  clavicle;  the  Pectonlia  muscles  have  been  indeed  and  reflected.  (Sp&lteholj.) 


(Spaiteholi.) 


Branches  of  Communication. — Close  to  their  exit  from  the  intervertebral  foramina 
the  fifth  and  sixth  cervical  nerves  each  receive  a  gray  ramus  comrnimicans  from 
the  middle  cervical  ganglion  of  the  sympathetic  trunk,  and  the  seventh  and  eighth 
cervical  similar  twigs  from  the  inferior  ganglion.  The  first  thoracic  nerve  receives 
a  gray  ramus  from,  and  contributes  a  white  ramus  to,  the  first  thoracic  ganglion. 

•  The  posterior  division  of  the  lower  trunk  ia  very  much  smaller  than  the  others,  and  is  frequently  derived  entirely 
It  am  the  eighth  cervical  nerve. 
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On  the  Scalenus  anterior  the  phrenic  nerve  is  joined  by  a  branch  from  the  fifth 
cervical. 

Branches  of  Distribution. — The  branches  of  distribution  of  the  brachial  plexus 
may  be  arranged  into  two  groups,  viz.,  those  given  off  above  and  those  below  the 
clavicle. 

SUPRACLA  VIC U LA R  BRANCHES. 

Dorsal  scapular . *  .  5  C. 

Suprascapular . o,  6  C. 

Nerve  to  Subclavius  .  .  .  .  »  .  5, 6  C. 

Long  thoracic . 5,  6,  7  C. 

To  Longus  colli  and  Scaleni  .  .  .  .  .  5, 6, 7, 8  C* 


****** : 
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Fi«  £27. — The  right  brachial  plexus  (infrsclAvieul&r  portion)  in  the  axillary  foesesn:  viewed  from  Wkw  an«J  in. 
front.  The  P^ctoraTia  major  ana  minor  muscles  have  been  in  large  part  removed ,  their  attachments  have  Inen 
reflected-  (SpilU'holE.j 


The  Dorsal  Scapular  Nerve  (n.  dorsalis  scapula;  nerve  to  the  Rhomlmdei;  posterior 
scapular  nerve)  arises  from  the  fifth  cervical,  pierces  the  Scalenus  medius,  passes 

hich  it  occasional!}  gives  a  twig,  and  ends  in 


beneath  the  Levator  scapulae,  to 
the  Ilhomboidei. 

The  Suprascapular  (n.  su  pr  asm  pula  ris)  (Fig.  836)  arises  from  the  trunk  formed 
by  the  union  of  the  fifth  and  sixth  cervical  nerves.  It  runs  lateralward  beneath 
the  Trapezius  and  the  Omohyoideus,  and  enters  the  supraspinatous  fossa  through 
the  suprascapular  notch,  below,  the  superior  transverse  scapular  ligament;  it  then 
passes  beneath  the  Supraspinatus,  and  curves  around  the  lateral  border  of  the 
spine  of  the  scapula  to  the  infraspinatous  fossa.  In  the  supraspinatous  fossa  it 
gives  off  two  branches  to  the  Supraspinatus  muscle,  and  an  articular  filament 
to  the  shoulder-joint;  and  in  the  infraspinatous  fossa  it  gives  off  two  branches 
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to  the  Infraspinatous  muscle,  besides  some  filaments  to  the  shoulder-joint  and 
scapula. 

The  Nerve  to  the  Subclavius  (n.  subclavius)  is  a  small  filament,  which  arises  from 
the  point  of  junction  of  the  fifth  and  sixth  cervical  nerves;  it  descends  to  the  muscle 
in  front  of  the  third  part  of  the  subclavian  artery  and  the  lower  trunk  of  the  plexus, 
and  is  usually  connected  by  a  filament  with  the  phrenic  nerve. 

The  Long  Thoracic  Nerve  (n.  thoracalis  longus;  external  respiratory  nerve  of  BeU; 
posterior  thoracic  nerve)  (Fig.  834)  supplies  the  Serratus  anterior.  It  usually  arises 
by  three  roots  from  the  fifth,  sixth,  and  seventh  cervical  nerves;  but  the  root  from 
the  seventh  nerve  may  be  absent.  The  roots  from  the  fifth  and  sixth  nerves  pierce 
the  Scalenus  medius,  while  that  from  the  seventh  passes  in  front  of  the  muscle. 
The  nerve  descends  behind  the  brachial  plexus  and  the  axillary  vessels,  resting 
on  the  outer  surface  of  the  Serratus  anterior.  It  extends  along  the  side  of  the  thorax 
to  the  lower  border  of  that  muscle,  supplying  filaments  to  each  of  its  digitations. 

The  branches  for  the  Longus  colli  and  Scaleni  arise  from  the  lower  four  cervical 
nerves  at  their  exit  from  the  intervertebral  foramina. 


Infraclavicular  Branches. 


The  infraclavicular  branches  are  derived  from  the  three  cords  of  the  brachial 
plexus,  but  the  fasciculi  of  the  nerves  may  be  traced  through  the  plexus  to  the  spinal 
nerves  from  which  they  originate.  They  are  as  follows: 


Lateral  cord 


Medial  cord 


Posterior  cord 


Musculocutaneous 
Lateral  anterior  thoracic 
Lateral  head  of  median  . 
Medial  anterior  thoracic 
Medial  antibrachial  cutaneous 
Medial  brachial  cutaneous 
Ulnar  ..... 
Medial  head  of  median  . 
Upper  subscapular  . 

(Lower  subscapular  . 
Thoracodorsal  .... 

I  Axillary . 

Radial . 


5,  6,  7  C. 

5,  6,  7  C. 

6,  7  C. 


8  C,  1  T. 


5,  6  C. 

5,  6  C. 

5,  6,  7  C. 

5,  6  C. 

6,  7,  8  C,  1  T. 


The  Anterior  Thoracic  Nerves  (nn.  thoracales  anteriores)  (Fig.  834)  supply  the 
Pectorales  major  and  minor. 

The  lateral  anterior  thoracic  {fasciculus  lateralis)  the  larger  of  the  two,  arises 
from  the  lateral  cord  of  the  brachial  plexus,  and  through  it  from  the  fifth,  sixth, 
and  seventh  cervical  nerves.  It  passes  across  the  axillary  artery  and  vein,  pierces  the 
coracoclavicular  fascia,  and  is  distributed  to  the  deep  surface  of  the  Pectoralis 
major.  It  sends  a  filament  to  join  the  medial  anterior  thoracic  and  form  with  it 
a  loop  in  front  of  the  first  part  of  the  axillary  artery. 

The  medial  anterior  thoracic  {fasciculus  medialis)  arises  from  the  medial  cord  of 
the  plexus  and  through  it  from  the  eighth  cervical  and  first  thoracic.  It  passes 
behind  the  first  part  of  the  axillary  artery,  curves  forward  between  the  axillary 
artery  and  vein,  and  unites  in  front  of  the  artery  with  a  filament  from  the  lateral 
nerve.  It  then  enters  the  deep  surface  of  the  Pectoralis  minor,  where  it  divides 
into  a  number  of  branches,  which  supply  the  muscle.  Two  or  three  branches  pierce 
the  muscle  and  end  in  the  Pectoralis  major. 

The  Subscapular  Nerves  (nn.  subscapulares) ,  two  in  number,  spring  from  the 
posterior  cord  of  the  plexus  and  through  it  from  the  fifth  and  sixth  cervical  nerves. 
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The  upper  subscapular  (short  subscapular),  the  smaller  enters  the  upper  part  of 
the  Subseapularis,  and  is  frequently  represented  by  two  branches. 

The  lower  subscapular  supplies  the  lower  part  of  the  Subseapularis,  and  ends  in 
the  Teres  major;  the  latter  muscle  is  sometimes  supplied  by  a  separate  branch. 

The  Thoracodorsal  Nerve  (m  fhoracodor sails;  middle  or  long  subscapular  nerve), 
a  branch  of  the  posterior  cord  of  the  plexus,  derives  its  fibers  from  the  fifth,  sixth, 
and  seventh  cervical  nerves;  it  follows  the  course  of  the  subscapular  artery,  along 
the  posterior  wall  of  the  axilla  to  the  Latissimus  dorsi,  in  which  it  may  be  traced 
as  far  as  the  lower  bonier  of  the  muscle. 


iNrfcRjOR  BRANCH 
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Fia.  S2S — Sujtf&aeajaiiiiJ'  and  asUl&ry  nerve*  of  right  aide,  aeen  from  behind,  (Tcatut ) 


The  Axillary  Nerve  (n.  axillaris;  circumflex  nerve)  (Fig.  S3G)  arises  from  the  pos¬ 
terior  cord  of  the  brachial  plexus,  and  its  fibers  are  derived  from  the  fifth  and  sixth 
cervical  nerves.  It  lies  at  first  behind  the  axillary  artery,  and  in  front  of  the 
Subseapularis,  and  passes  downward  to  the  lower  border  of  that  muscle.  It  then 
winds  backward,  in  company  with  the  posterior  humeral  circumflex  artery,  through 
a  quadrilateral  space  bounded  above  by  the  Subseapularis,  below  bv  the  Teres 
major,  medially  by  the  long  head  of  the  Triceps  brachii,  and  laterally  by  the 
surgical  neck  of  the  humerus,  and  divides-  into  an  anterior  and  a  posterior  branch. 

The  anterior  branch  (upper  brunch)  winds  around  the  surgical  neck  of  the  humerus, 
beneath  the  Deltoideus,  with  the  posterior  humeral  circumflex  vessels,  as  far  as 
the  anterior  border  of  that  muscle,  supplying  it,  and  giving  off  a  few  small  cuta¬ 
neous  branches,  which  pierce  the  muscle  and  ramify  in  the  skin  covering  its  lower 
part. 

The  posterior  branch  (lower  branch)  supplies  the  Teres  minor  arid  the  posterior 
part  of  the  Deltoideus;  upon  the  branch  to  the  Teres  minor  an  oval  enlargement 
(pseudoganglion)  usually  exists.  The  posterior  branch  then  pierces  the  deep  fascia 
and  is  continued  as  the  lateral  brachial  cutaneous  nerve,  which  sweeps  around  the 
posterior  border  of  the  Deltoideus  and  supplies  the  skin  over  the  lower  two-thirds 
of  the  posterior  part  of  this  muscle,  as  well  as  that  covering  the  long  head  of  the 
Triceps  brachii  (Figs  829,  831). 


910. 


The  trunk  of  the  axillary  nerve  gives  off  an  articular  filament  which  enters 
the  shoulder-joint  below  the  Subscapularis. 

The  Musculocutaneous  Nerve  (w.  musculocutaneiu a)  (Fig.  834)  arms  from  the 
lateral  cord  of  the  brachial  plexus,  opposite  the  lower  border  of  the  Pectoralis 
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Fio.  S29  — Cutaneous  nerve?  of  right  upper 
extremity.  Anterior  view. 


ita  of  eogmental  distribution  of  the  cutaneous 
right  upper  extremity.  Anterior  view. 


minor,  its  fibers  being  derived  from  the  fifth,  sixth,  and  seventh  cervical  nerves. 
It  pierces  the  Coracobrachialis  muscle  and  passes  obliquely  between  the  Biceps 
brachii  and  the  Brachial  is,  to  the  lateral  side  of  the  arm ;  a  little  above  the  elbow 
it  pierces  the  deep  fascia  lateral  to  the  tendon  of  the  Biceps  brachii  and  is  continued 
into  the  forearm  as  the  lateral  antibrachial  cutaneous  nerve.  In  its  course  through 
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the  arm  it  supplies  the  Coraeobraehialis,  Biceps  brachii,  and  the  greater  part  of  the 
Brachial  is.  The  branch  to  the  Coraeohraehialis  is  given  off  from  the  nerve  dm 
to  its  origin,  and  in  some  instances  as  a  separate  filament  from  the  lateral  cord 
of  the  plexus;  it  is  derived  from  the  seventh  cervical  nerve.  The  branches  to  the 
Biceps  brachii  and  Braehialis  are  given  off  after  the  musculocutaneous  has  pierced 
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Fio  S32  — Diagram  of  segmental  distribution  at  tbs 
neoua  iiorve*  of  the  right  upper  extremity.  Pv4*t<r«r  m* 


Fig.  S31.  —Cutaneous  nerve®  of  right  upper 
extremity.  Posterior  view. 


the  Coraeobraehialis;  that  supplying  the  Bruch  ialis  gives  a  filament  to  the  elbow- 
joint.  The  nerve  also  sends  a  small  branch  to  the  bone,  which  enters  the  nutrient 
foramen  with  the  accompanying  artery. 

The  lateral  antibrachial  cutaneous  nerve  i  n.  cutanea#  antibrackii  cutaneous  latenifa; 
brunch  of  mascidocutancous  nene)  passes  behind  the  cephalic  vein,  and  divides, 
opposite  the  elbow-joint,  into  a  volar  and  a  dorsal  branch  (Figs.  829,  831 ). 
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The  volar  branch  (ramxis  volaris;  anterior  branch)  descends  along  the  radial  border 
of  the  forearm  to  the  wrist,  and  supplies  the  skin  over  the  lateral  half  of  its  volar 
surface.  At  the  wrist-joint  it  is  placed  in  front  of  the  radial  artery,  and  some 
filaiiients,  piercing  the  deep  fascia,  accompany  that  vessel  to  the  dorsal  surface  of 
the  carpus.  The  nerve  then  passes  downward  to  the  ball  of  the  thumb,  where  it 
ends  in  cutaneous  filaments.  It  communicates  with  the  superficial  branch  of  the 
radial  nerve,  and  with  the  palmar  cutaneous  branch  of  the  median  nerve. 

The  dorsal  branch  ( ramus  dorsalis;  posterior  branch)  descends,  along  the  dorsal 
surface  of  the  radial  side  of  the  forearm  to  the  wrist.  It  supplies  the  skin  of  the 
lower  two-thirds  of  the  dorso-lateral  surface  of  the  forearm,  communicating  with 
the  superficial  branch  of  the  radial  nerve  and  the  dorsal  antibrachial  cutaneous 
branch  of  the  radial. 

The  musculocutaneous  nerve  presents  frequent  irregularities.  It  may  adhere 
for  some  distance  to  the  median  and  then  pass  outward,  beneath  the  Biceps  brachii, 
instead  of  through  the  Coracobrachialis.  Some  of  the  fibers  of  the  median  may 
run  for  some  distance  in  the  musculocutaneous  and  then  leave  it  to  join  their 
proper  trunk;  less  frequently  the  reverse  is  the  case,  and  the  median  sends  a  branch 
to  join  the  musculocutaneous.  The  nerve  may  pass  under  the  Coracobrachialis 
or  through  the  Biceps  brachii.  Occasionally  it  gives  a  filament  to  the  Pronator 
teres,  and  it  supplies  the  dorsal  surface  of  the  thumb  when  the  superficial  branch 
of  the  radial  nerve  is  absent. 

The  Medial  Antibrachial  Cutaneous  Nerve  (n.  cutaneus  antibrachii  medialis;  internal 
cutaneous  nerve)  (Fig.  834)  arises  from  the  medial  cord  of  the  brachial  plexus.  It 
derives  its  fibers  from  the  eighth  cervical  and  first  thoracic  nerves,  and  at  its  com¬ 
mencement  is  placed  medial  to  the  axillary  artery.  It  gives  off,  near  the  axilla,  a 
filament,  which  pierces  the  fascia  and  supplies  the  integument  covering  the  Biceps 
brachii,  nearly  as  far  as  the  elbow.  The  nerve  then  runs  down  the  ulnar  side  of  the 
arm  medial  to  the  brachial  artery,  pierces  the  deep  fascia  with  the  basilic  vein, 
about  the  middle  of  the  arm,  and  divides  into  a  volar  and  an  ulnar  branch. 

The  volar  branch  ( ramus  volaris;  anterior  branch ),  the  larger,  passes  usually  in  front 
of,  but  occasionally  behind,  the  vena  mediana  cubiti  ( median  basilic  vein).  It  then 
descends  on  the  front  of  the  ulnar  side  of  the  forearm,  distributing  filaments  to  the 
skin  as  far  as  the  wrist,  and  communicating  with  the  palmar  cutaneous  branch  of 
the  ulnar  nerve  (Fig.  829). 

The  ulnar  branch  ( ramus  ulnaris;  posterior  branch)  passes  obliquely  downward  on 
the  medial  side  of  the  basilic  vein,  in  front  of  the  medial  epicondyle  of  the  humerus, 
to  the  back  of  the  forearm,  and  descends  on  its  ulnar  side  as  far  as  the  wrist,  dis¬ 
tributing  filaments  to  the  skin.  It  communicates  with  the  medial  brachial  cutaneous, 
the  dorsal  antibrachial  cutaneous  branch  of  the  radial,  and  the  dorsal  branch  of 
the  ulnar  (Fig.  831). 

The  Medial  Brachial  Cutaneous  Nerve  (n.  cutaneus  brachii  medialis;  lesser  internal 
cutaneous  nerve;  nerve  of  Wrisberg)  is  distributed  to  the  skin  on  the  ulnar  side  of  the 
arm  (Figs.  829,  831).  It  is  the  smallest  branch  of  the  brachial  plexus,  and  arising 
from  the  medial  cord  receives  its  fibers  from  the  eighth  cervical  and  first  thoracic 
nerves.  It  passes  through  the  axilla,  at  first  lying  behind,  and  then  medial  to  the 
axillary  vein,  and  communicates  with  the  intercostobrachial  nerve.  It  descends 
along  the  medial  side  of  the  brachial  artery  to  the  middle  of  the  arm,  where  it  pierces 
the  deep  fascia,  and  is  distributed  to  the  skin  of  the  back  of  the  lower  third  of  the 
arm,  extending  as  far  as  the  elbow,  where  some  filaments  are  lost  in  the  skin  in 
front  of  the  medial  epicondyle,  and  others  over  the  olecranon.  It  communicates 
with  the  ulnar  branch  of  the  medial  antibrachial  cutaneous  nerve. 

In  some  cases  the  medial  brachial  cutaneous  and  intercostobrachial  are  connected  by  two  or 
three  filaments,  which  form  a  plexus  in  the  axilla.  In  other  cases  the  intercostobrachial  is  of 
large  size,  and  takes  the  place  of  the  medial  brachial  cutaneous,  receiving  merely  a  filament  of 
communication  from  the  brachial  plexus,  which  represents  the  latter  nerve;  in  a  few  cases,  this 
filament  is  wanting. 
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The  Median  Nerve  (ft.  medianus)  (Fig.  834)  extends  along  the  middle  of  the  arm 
and  forearm  to  the  hdnd.  It  arises  by  two  roots,  one  from  the  lateral  and  one  from 
the  medial  cord  of  the  brachial  plexus;  these  embrace  the  lower  part  of  the  axillary 
artery,  uniting  either  in  front  of  or  lateral  to  that  vessel.  Its  fibers  are  derived 
from  the  sixth,  seventh,  and  eighth  cervical  and  first  thoracic  nerves.  As  it  descends 
through  the  arm,  it  lies  at  first  lateral  to  the  brachial  artery;  about  the  level  of  the 
insertion  of  the  Coracobrachialis  it  crosses  the  artery,  usually  in  front  of,  but  occasion¬ 
ally  behind  it,  and  lies  on  its  medial  side  at  the  bend  of  the  elbow,  where  it  is  situated 
behind  the  lacertus  fibrosus  (bicipital  fascia)  y  and  is  separated  from  the  elbow-joint 
by  the  Brachialis.  In  the  forearm  it  passes  between  the  two  heads  of  the  Pronator 
teres  and  crosses  the  ulnar  artery,  but  is  separated  from  this  vessel  by  the  deep 
head  of  the  Pronator  teres.  It  descends  beneath  the  Flexor  digitorum  sublimis, 
lying  on  the  Flexor  digitorum  profundus,  to  within  5  cm.  of  the  transverse  carpal 
ligament;  here  it  becomes  more  superficial,  and  is  situated  between  the  tendons  of 
the  Flexor  digitorum  sublimis  and  Flexor  carpi  radialis.  In  this  situation  it  lies 
behind,  and  rather  to  the  radial  side  of,  the  tendon  of  the  Palmaris  longus,  and  is 
covered  by  the  skin  and  fascia.  It  then  passes  behind  the  transverse  carpal  liga¬ 
ment  into  the  palm  of  the  hand.  In  its  course  through  the  forearm  it  is  accompanied 
by  the  median  artery,  a  branch  of  the  volar  interroseous  artery. 

Branches. — With  the  exception  of  the  nerve  to  the  Pronator  teres,  which  some¬ 
times  arises  above  the  elbow-joint,  the  median  nerve  gives  off  no  branches  in 
the  arm.  As  it  passes  in  front  of  the  elbow,  it  supplies  one  or  two  twigs  to  the 
joint. 

In  the  forearm  its  branches  are:  muscular,  volar  interosseous,  and  palmar. 

The  muscular  branches  (rami  musculares)  are  derived  from  the  nerve  near  the 
elbow  and  supply  all  the  superficial  muscles  on  the  front  of  the  forearm,  except 
the  Flexor  carpi  ulnaris. 

The  volar  interosseous  nerve  (ft.  interosseus  [antibrachii]  volaris;  anterior  inter¬ 
osseous  nerve)  supplies  the  deep  muscles  on  the  front  of  the  forearm,  except  the  ulnar 
half  of  the  Flexor  digitorum  profundus.  It  accompanies  the  volar  interosseous 
artery  along  the  front  of  the  interosseous  membrane,  in  the  interval  between  the 
Flexor  pollicis  longus  and  Flexor  digitorum  profundus,  supplying  the  whole  of  the 
former  and  the  radial  half  of  the  latter,  and  ending  below  in  the  Pronator  quadratic 
and  wrist-joint. 

The  palmar  branch  (ramus  cutaneus  palmaris  ft.  mediant )  of  the  median  nerve  arist* 
at  the  lower  part  of  the  forearm.  It  pierces  the  volar  carpal  ligament,  and  divides  into 
a  lateral  and  a  medial  branch;  the  lateral  branch  supplies  the  skin  over  the  hall  of 
the  thumb,  and  communicates  with  the  volar  branch  of  the  lateral  antibrachial 
cutaneous  nerve;  the  medial  branch  supplies  the  skin  of  the  palm  and  communi¬ 
cates  with  the  palmar  cutaneous  branch  of  the  ulnar. 

In  the  palm  of  the  hand  the  median  nerve  is  covered  by  the  skin  and  the  palmar 
aponeurosis,  and  rests  on  the  tendons  of  the  Flexor  muscles.  Immediately  after 
emerging  from  under  the  transverse  carpal  ligament  the  nerve  becomes  enlarged 
and  flattened  and  splits  into  a  smaller,  lateral,  and  a  larger,  medial  portion.  The 
lateral  portion  supplies  a  short,  stout  branch  to  certain  of  the  muscles  of  the  ball  of 
the  thumb,  viz.,  the  Abductor  brevis,  the  Opponens,  and  the  superficial  head  of  the 
Flexor  brevis,  and  then  divides  into  three  proper  volar  digital  nerves;  two  of  these 
supply  the  sides  of  the  thumb,  while  the  third  gives  a  twig  to  the  first  Lumbricalis 
and  is  distributed  to  the  radial  side  of  the  index  finger.  The  medial  portion  of  the 
nerve  divides  into  two  common  volar  digital  nerves.  The  first  of  these  gives  a  twig 
to  the  second  Lumbricalis  and  runs  toward  the  cleft  between  the  index  and  middle 
fingers,  where  it  divides  into  two  proper  digital  nerves  for  the  adjoining  sides  of 
these  digits;  the  second  runs  toward  the  cleft  between  the  middle  and  ring  fingers, 
and  splits  into  two  proper  digital  nerves  for  the  adjoining  sides  of  these  digits; 
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it  communicates  with  a  branch  from  the  ulnar  nerve  and  sometimes  sends  a  twig 
to  the  third  Lumbricalis. 

Each  proper  digital  nerve,  opposite  the  base  of  the  first  phalanx,  gives  off  a 
dorsal  branch  which  joins  the  dorsal  digital  nerve  from  the  superficial  branch  of 
the  radial  nerve,  and  supplies  the  integument  on  the  dorsal  aspect  of  the  last 
phalanx.  At  the  end  of  the  digit,  the  proper  digital  nerve  divides  into  two 
branches,  one  of  which  supplies  the  pulp  of  the  finger,  the  other  ramifies  around 
and  beneath  the  nail.  The  proper  digital  nerves,  as  they  run  along  the  fingers,  are 
placed  superficial  to  the  corresponding  arteries. 
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The  Ulnar  Nerve  (n.  ulnaris)  (Fig.  .834)  is  placed  along  the  medial  side  of  the  limb, 
and  is  distributed  to  the  muscles  and  skin  of  the  forearm  and  hand.  It  arises 
from  the  medial  cord  of  the  brachial  plexus,  and  derives  its  fibers  from  the  eighth 
cervical  and  first  thoracic  nerves.  It  is  .smaller  than  the  median,  and  lies  at  first 
behind  it,  but  diverges  from  it  in  its  course  down  the  arm.  At  its  origin  it  lies 
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medial  to  the  axillary  artery,  and  bears  the  same  relation  to  the  brachial  artery 
as  far  as  the  middle  of  the  arm.  Here  it  pierces  the  medial  intermuscular  septum, 
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half  lies  on  the  lateral  side  of  the  muscle*  covered  by  the  integument  and  fascia.  In 
the  upper  third  of  the  forearm,  it  is  separated  from  tin  ulnar  artery  by  a  consider¬ 
able  interval,  but  in  the  rest  of  it  *  extent.  tics  dose  to  the  medial  side  of  the  artery 
About  5  cm.  above  the  vr  ri st  if  etuis  by  dividing  into  a  dorsal  and  a  volar  branch. 

The  branches  of  the  ulnar  nerve  are.  articular  to  t he  elbow-joint,  muscular, 
palmar  cutaneous,  dorsal,  and  volar. 
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runs  obliquely  across  the  medial  head  of  the  Triceps  l>rudnit  and  descends  to  the 
groove  between  the  medial  epieondyle  and  the  olecranon,  accompanied  by  the 
superior  ulnar  collateral  artery.  At  the  elbow,  it  rests  upon  the  back  of  the  medial 
epieondyle,  ami  enters  the  forearm  between  the  two  heads  uf  the  Flexor  carpi 
ulnaris.  In  the  forearm,  it  descends  along  the  ulnar  side  lying  upon  the  Flexor 
digitcrum  profundus;  its  upper  half  is  covered  by  the  Flexor  carpi  iilnam,  its  lower 
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The  articular  branches  to  the  elbow-joint  are  several  small  filaments  which  arise 
from  the  nerve  as  it  lies  in  the  groove  between  the  medial  epicondyle  and  olecranon. 

The  muscular  branches  (rami 
muscular es)  two  in  number,  arise 
near  the  elbow:  one  supplies  the 
Flexor  carpi  ulnaris;  the  other, 
the  ulnar  half  of  the  Flexor 
digitorum  profundus. 

The  palmar  cutaneous  branch 
{ramus  cutanmis  palmaris)  arises 
about  the  middle  of  the  forearm, 
and  descendson  theulnarartery, 
giving  off  some  filaments  to  the 
vessel.  It  perforates  the  volar 
carpal  ligament  and  ends  in  the 
skin  of  the  palm,  communicating 
with  the  palmar  branch  of  the 
median  nerve. 

The  dorsal  branch  (ramus  dor¬ 
salis  manus)  arises  about  5  cm. 
above  the  wrist;  it  passes  back¬ 
ward  beneath  the  Flexor  carpi 
ulnaris,  perforates  the  deep  fas¬ 
cia,  and,  running  along  the  ulnar 
side  of  the  back  of  the  wrist 
and  hand,  divides  into  two  dor¬ 
sal  digital  branches;  one  supplies 
the  ulnar  side  of  the  little  finger; 
the  other,  the  adjacent  sides  of 
the  little  and  ring  fingers.  It 
also  sends  a  twig  to  join  that 
given  by  the  superficial  branch 
of  the  radial  nerve  for  the  ad¬ 
joining  sides  of  the  middle  and 
ring  fingers,  and  assists  in  sup¬ 
plying  them.  A  branch  is  dis¬ 
tributed  to  the  metacarpal  region 
of  the  hand,  communicating 
with  a  twig  of  the  superficial 
branch  of  the  radial  nerve  (Fig. 
831). 

On  the  little  finger  the  dor¬ 
sal  digital  branches  extend  only 
as  far  as  the  base  of  the  ter¬ 
minal  phalanx,  and  on  the  ring 
finger  as  far  as  the  base  of  the 
second  phalanx;  the  more  distal 
parts  of  these  digits  are  supplied  by  dorsal  branches  derived  from  the  proper  volar 
digital  branches  of  the  ulnar  nerve. 

The  volar  branch  (ramus  volaris  manus)  crosses  the  transverse  carpal  ligament 
on  the  lateral  side  of  the  pisiform  bone,  medial  to  and  a  little  behind  the  ulnar 
artery.  It  ends  by  dividing  into  a  superficial  and  a  deep  branch. 

The  superficial  branch  (ramus  superficialis  [n.  ulnaris]  (supplies  the  Palmaris 
brevis,  and  the  skin  on  the  ulnar  side  of  the  hand,  and  divides  into  a  proper  volar 
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digital  branch  for  the  ulnar  side  of  the  little  finger,  and  a  common  volar  digital 
branch  which  gives  a  communicating  twig  to  the  median  nerve  and  divides  into 
two  proper  digital  nerves  for  the  adjoining  sides  of  the  little  and  ring  fingers  (Fig. 
829).  The  proper  digital  branches  are  distributed  to  the  fingers  in  the  same 
manner  as  those  of  the  median. 

The  deep  branch  ( ramus  profundus)  accompanied  by  the  deep  branch  of  the  ulnar 
artery,  passes  between  the  Abductor  digiti  quinti  and  Flexor  digiti  quinti  brevis; 
it  then  perforates  the  Opponens  digiti  quinti  and  follows  the  course  of  the  deep 
volar  arch  beneath  the  Flexor  tendons.  At  its  origin  it  supplies  the  three  short 
muscles  of  the  little  finger.  As  it  crosses  the  deep  part  of  the  hand,  it  supplies  all 
the  Interossei  and  the  third  and  fourth  Lumbricales;  it  ends  by  supplying  the  Ad- 
ductores  pollicis  and  the  medial  head  of  the  Flexor  pollicis  brevis.  It  also  sends 
articular  filaments  to  the  wrist-joint. 

It  has  been  pointed  out  that  the  ulnar  part  of  the  Flexor  digitorum  profundus 
is  supplied  by  the  ulnar  nerve;  the  third  and  fourth  Lumbricales,  which  are  con¬ 
nected  with  the  tendons  of  this  part  of  the  muscle,  are  supplied  by  the  same 
nerve.  In  like  manner  the  lateral  part  of  the  Flexor  digitorum  profundus  and 
the  first  and  second  Lumbricales  are  supplied  by  the  median  nerve;  the  third 
Lumbricalis  frequently  receives  an  additional  twig  from  the  median  nerve. 

The  Radial  Nerve  (n.  radialis;  musculospiral  nerve)  (Fig.  836),  the  largest  branch 
of  the  brachial  plexus,  is  the  continuation  of  the  posterior  cord  of  the  plexus.  Its 
fibres  are  derived  from  the  fifth,  sixth,  seventh,  and  eighth  cervical  and  first  thoracic 
nerves.  It  descends  behind  the  first  part  of  the  axillary  artery  and  the  upper  part 
of  the  brachial  artery,  and  in  front  of  the  tendons  of  the  Latissimus  dorsi  and  Teres 
major.  It  then  winds  around  from  the  medial  to  the  lateral  side  of  the  humerus  in 
a  groove  with  the  a.  profunda  brachii,  between  the  medial  and  lateral  heads  of  the 
Triceps  brachii.  It  pierces  the  lateral  intermuscular  septum,  and  passes  between 
the  Brachialis  and  Brachioradialis  to  the  front  of  the  lateral  epicondyle,  where 
it  divides  into  a  superficial  and  a  deep  branch. 

The  branches  of  the  musculospiral  nerve  are: 

Muscular.  Superficial. 

Cutaneous.  Deep. 

The  muscular  branches  ( rami  musculares)  supply  the  Triceps  brachii,  Anconaeus, 
Brachioradialis,  Extensor  carpi  radialis  longus,  and  Brachialis,  and  are  grouped  as 
medial,  posterior,  and  lateral. 

The  medial  muscular  branches  supply  the  medial  and  long  heads  of  the  Triceps 
brachii.  That  to  the  medial  head  is  a  long,  slender  filament,  which  lies  close  to  the 
ulnar  nerve  as  far  as  the  lower  third  of  the  arm,  and  is  therefore  frequently  spoken 
of  as  the  ulnar  collateral  nerve. 

The  posterior  muscular  branch,  of  large  size,  arises  from  the  nerve  in  the  groove 
between  the  Triceps  brachii  and  the  humerus.  It  divides  into  filaments,  which 
supply  the  medial  and  lateral  heads  of  the  Triceps  brachii  and  the  Anconaeus 
muscles.  The  branch  for  the  latter  muscle  is  a  long,  slender  filament,  which  descends 
in  the  substance  of  the  medial  head  of  the  Triceps  brachii. 

The  lateral  muscular  branches  supply  the  Brachioradialis,  Extensor  carpi  radialis 
longus,  and  the  lateral  part  of  the  Brachialis. 

The  cutaneous  branches  are  two  in  number,  the  posterior  brachial  cutaneous 
and  the  dorsal  antibrachial  cutaneous. 

The  posterior  brachial  cutaneous  nerve  (n.  cuianeus  brachii  posterior;  internal 
cutaneous  branch  of  musculospiral)  arises  in  the  axilla,  with  the  medial  muscular 
branch.  It  is  of  small  size,  and  passes  through  the  axilla  to  the  medial  side  of 
the  area  supplying  the  skin  on  its  dorsal  surface  nearly  as  far  as  the  olecranon. 
In  its  course  it  crosses  behind,  and  communicates  with,  the  intercostobrachial. 
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The  dorsal  antibrachial  cutaneous  nerve  (n.  cutaneus  antibrachii  dorsalis ;  external 
cutaneous  branch  of  musculospiral )  perforates  the  lateral  head  of  the  Triceps  brachii  at 
its  attachment  to  the  humerus.  The  upper  and  smaller  branch  of  the  nerve  passes 
to  the  front  of  the  elbow,  lying  close  to  the  cephalic  vein,  and  supplies  the  skin 
of  the  lower  half  of  the  arm  (Fig.  829).  The  lower  branch  pierces  the  deep  fascia 
below  the  insertion  of  the  Deltoideus,  and  descends  along  the  lateral  side  of  the 
arm  and  elbow,  and  then  along  the  back  of  the  forearm  to  the  wrist,  supplying 
the  skin  in  its  course,  and  joining,  near  its  termination,  with  the  dorsal  branch 
of  the  lateral  antibrachial  cutaneous  nerve  (Fig.  831). 

The  Superficial  Branch  of  the  Radial  Nerve  ( ramus  superdcialis  radial  nerve) 
passes  along  the  front  of  the  radial  side  of  the  forearm  to  the  commencement  of 
its  lower  third.  It  lies  at  first  slightly  lateral  to  the  radial  artery,  concealed 
beneath  the  Brachioradialis.  In  the  middle  third  of  the  forearm,  it  lies  behind  the 
same  muscle,  close  to  the  lateral  side  of  the  artery.  It  quits  the  artery  about  7  cm. 
above  the  wrist,  passes  beneath  the  tendon  of  the  Brachioradialis,  and,  piercing 
the  deep  fascia,  divides  into  two  branches  (Fig.  831). 

The  lateral  branch,  the  smaller,  supplies  the  skin  of  the  radial  side  and  ball 
of  the  thumb,  joining  with  the  volar  branch  of  the  lateral  antibrachial  cutaneous 
nerve. 

The  medial  branch  communicates,  above  the  wrist,  with  the  dorsal  branch  of  the 
lateral  antibrachial  cutaneous,  and,  on  the  back  of  the  hand,  with  the  dorsal 
branch  of  the  ulnar  nerve.  It  then  divides  into  four  digital  nerves,  which  are 
distributed  as  follows:  the  first  supplies  the  ulnar  side  of  the  thumb;  the  second, 
the  radial  side  of  the  index  finger;  the  third,  the  adjoining  sides  of  the  index  and 
middle  fingers;  the  fourth  communicates  with  a  filament  from  the  dorsal  branch 
of  the  ulnar  nerve,  and  supplies  the  adjacent  sides  of  the  middle  and  ring 
fingers.1 

The  Deep  Branch  of  the  Radial  Nerve  (n.  interosseus  dorsalis;  dorsal  or  posterior 
interosseous  nerve)  winds  to  the  back  of  the  forearm  around  the  lateral  side  of  the 
radius  between  the  two  planes  of  fibers  of  the  Supinator,  and  is  prolonged  down¬ 
ward  between  the  superficial  and  deep  layers  of  muscles,  to  the  middle  of  the 
forearm.  Considerably  diminished  in  size,  it  descends,  as  the  dorsal  interosseous 
nerve,  on  the  interosseous  membrane,  in  front  of  the  Extensor  pollicis  longus,  to  the 
back  of  the  carpus,  where  it  presents  a  gangliform  enlargement  from  which  filaments 
are  distributed  to  the  ligaments  and  articulations  of  the  carpus.  It  supplies  all 
the  muscles  on  the  radial  side  and  dorsal  surface  of  the  forearm,  excepting  the 
Anconseus,  Brachioradialis,  and  Extenosr  carpi  radialis  longus. 

The  Thoracic  Nerves  (Nn.  Thorac&les). 

The  anterior  divisions  of  the  thoracic  nerves  (rami  anteriores;  ventral  divisions) 
are  twelve  in  number  on  either  side.  Eleven  of  them  are  situated  between  the  ribs, 
and  are  therefore  termed  intercostal;  the  twelfth  lies  below  the  last  rib.  Each  nerve 
is  connected  with  the  adjoining  ganglion  of  the  sympathetic  trunk  by  a  gray  and  a 
white  ramus  communicans.  The  intercostal  nerves  are  distributed  chiefly  to  the 
parietes  of  the  thorax  and  abdomen,  and  differ  from  the  anterior  divisions  of  the 
other  spinal  nerves,  in  that  each  pursues  an  independent  course,  i .  e.,  there  is  no 
plexus  formation.  The  first  two  nerves  supply  fibers  to  the  upper  limb  in  addition 
to  their  thoracic  branches;  the  next  four  are  limited  in  their  distribution  to  the 
parietes  of  the  thorax;  the  lower  five  supply  the  parietes  of  the  thorax  and  abdomen. 
The  twelfth  thoracic  is  distributed  to  the  abdominal  wrall  and  the  skin  of  the  buttock. 


1  According  to  Hutchison,  the  digital  nerve  to  the  thumb  reaches  only  as  high  as  the  root  of  the  nail;  the  one  to  the 
forefinger  as  high  as  the  middle  of  the  second  phalanx ;  and  the  one  to  the  middle  and  ring  fingers  not  higher  than  the 
first  phalangeal  joint. — Loudon  Hosp.  Gaz.,  vol.  3,  319. 
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The  First  Thoracic  Nerve. — The  anterior  division  of  the  first  thoracic  nerve  divides 
into  two  branches:  one,  the  larger,  leaves  the  thorax  in  front  of  the  neck  of  the  first 
rib,  and  enters  the  brachial  plexus;  the  other  and  smaller  branch,  the  first  intercostal 
nerve,  runs  along  the  first  intercostal  space,  and  ends  on  the  front  of  the  chest  as 
the  first  anterior  cutaneous  branch  of  the  thorax.  Occasionally  this  anterior  cuta¬ 
neous  branch  is  wanting.  The  first  intercostal  nerve  as  a  rule  gives  off  no  lateral 
cutaneous  branch;  but  sometimes  it  sends  a  small  branch  to  communicate  with 
the  intereostobrachial.  From  the  second  thoracic  nerve  it  frequently  receives  a 
connecting  twig,  which  ascends  over  the  neck  of  the  second  rib. 


The  Upper  Thoracic  Nerves  (nn.  intercostales). — The  anterior  divisions  of  the 
second,  third,  fourth,  fifth,  and  sixth  thoracic  nerves,  and  the  small  branch  from  the 
first  thoracic,  are  confined  to  the  parietes  of  the  thorax,  and  are  named  thoracic 
intercostal  nerves.  They  pass  forward  (Fig.  837)  in  the  intercostal  spaces  below  the 
intercostal  vessels.  At  the  back  of  the  chest  they  lie  between  the  pleura  and  the 
posterior  intercostal  membranes,  but  soon  pierce  the  latter  and  run  between  the 
two  planes  of  Intercostal  muscles  as  far  as  the  middle  of  the  rib.  They  then  enter 
the  substance  of  the  Intercostales  interni,  and,  running  amidst  their  fibers  as  far  as 
the  costal  cartilages,  they  gain  the  inner  surfaces  of  the  muscles  and  lie  between 
them  and  the  pleura.  Near  the  sternum,  they  cross  in  front  of  the  internal  mammary 
artery  and  Transversus  thoracis  muscle,  pierce  the  Intercostales  interni,  the  anterior 
intercostal  membranes,  and  Pectoralis  major,  and  supply  the  integument  of  the 
front  of  the  thorax  and  over  the  mamma,  forming  the  anterior  cutaneous  branches 
of  the  thorax;  the  branch  from  the  second  nerve  unites  with  the  anterior  supra¬ 
clavicular  nerves  of  the  cervical  plexus. 

Branches. — Numerous  slender  muscular  filaments  supply  the  Intercostales,  the 
Subcostales,  the  Levatores  costarum,  the  Serratus  posterior  superior,  and  the  Trans¬ 
versus  thoracis.  At  the  front  of  the  thorax  some  of  these  branches  cross  the  costal 
cartilages  from  one  intercostal  space  to  another. 

Lateral  cutaneous  branches  ( rami  cutanei  laterales)  are  derived  from  the  intercostal 
nerves,  about  midway  between  the  vertebrae  and  sternum;  they  pierce  the  Inter- 
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costales  externi  and  Serratus  anterior,  and  divide  into  anterior  and  posterior 
branches.  The  anterior  branches  run  forward  to  the  side  and  the  forepart  of  the 
chest,  supplying  the  skin  and  the  marutna;  those  of  the  fifth  and  sixth  nerves 
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Fin  H3S  — Cutaneoua  distribution  of  thoracic  nerves.  (Testut-) 


supply  the  upper  digitations  of  the  Obliquus  externus  abdominis.  The  posterior 
branches  run  backward,  and  supply  the  skin  over  the  scapula  and  Latissimus  dorsi. 

The  lateral  cutaneous  branch  of  the  second  intercostal  nerve  does  not  divide, 
like  the  others,  into  an  anterior  and  a  posterior  branch;  it  is  named  the  rntercosto- 
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ing  with  the  posterior  brachial  cutaneous  branch  of  the  radial  nerve.  The  size 
of  the  intercostobrachial  nerve  is  in  inverse  proportion  to  that  of  the  medial  brachial 
cutaneous  nerve.  A  second  intercostobrachial  nerve  is  frequently  given  off  from 
the  lateral  cutaneous  branch  of  the  third  intercostal;  it  supplies  filaments  to  the 
axilla  and  medial  side  of  the  arm. 


954 


NEUROLOGY 


The  Lower  Thoracic  Nerves. — The  anterior  divisions  of  the  seventh,  eighth,  ninth, 
tenth,  and  eleventh  thoracic  nerves  are  continued  anteriorly  from  the  intercostal 
spaces  into  the  abdominal  wall;  hence  they  are  named  thoracicoabdomin&l  inter¬ 
costal  nerves.  They  have  the  same  arrangement  as  the  upper  ones  as  far  as  the 
anterior  ends  of  the  intercostal  spaces,  where  they  pass  behind  the  costal  cartilages, 
and  between  the  Obliquus  interims  and  Trans  versus  abdominis,  to  the  sheath  of 
the  Rectus  abdominis,  which  they  perforate.  They  supply  the  Rectus  abdominis 
and  end  as  the  anterior  cutaneous  branches  of  the  abdomen;  they  supply  the  skin 
of  the  front  of  the  abdomen.  The  lower  intercostal  nerves  supply  the  Intercostales 
and  abdominal  muscles;  the  last  three  send  branches  to  the  Serratus  posterior 
inferior.  About  the  middle  of  their  course  they  give  off  lateral  cutaneous  branches. 
These  pierce  the  Intercostales  externi  and  the  Obliquus  extemus  abdominis,  in  the 
same  line  as  the  lateral  cutaneous  branches  of  the  upper  thoracic  nerves,  and  divide 
into  anterior  and  posterior  branches,  which  are  distributed  to  the  skin  of  the  abdo¬ 
men  and  back;  the  anterior  branches  supply  the  digitations  of  the  Obliquus  externu? 
abdominis,  and  extend  downward  and  forward  nearly  as  far  as  the  margin  of  the 
Rectus  abdominis;  the  posterior  branches  pass  backward  to  supply  the  skin  over 
the  Latissimus  dorsi. 

The  anterior  division  of  the  twelfth  thoracic  nerve  is  larger  than  the  others;  it 
runs  along  the  lower  border  of  the  twelfth  rib,  often  gives  a  communicating  branch 
to  the  first  lumbar  nerve,  and  passes  under  the  lateral  lumbocostal  arch.  It  then 
runs  in  front  of  the  Quadratus  lumborum,  perforates  the  Transversus,  and  passes 
forward  between  it  and  the  Obliquus  intemus  to  be  distributed  in  the  same  manner 
as  the  lower  intercostal  nerves.  It  communicates  with  the  iliohypogastric  nerve 
of  the  lumbar  plexus,  and  gives  a  branch  to  the  Pyramidalis.  The  lateral  cuUneons 
branch  of  the  last  thoracic  nerve  is  large,  and  does  not  divide  into  an  anterior  and 
a  posterior  branch.  It  perforates  the  Obliqui  internus  and  externus,  descends  over 
the  iliac  crest  in  front  of  the  lateral  cutaneous  branch  of  the  iliohypogastric  (Tig. 
837),  and  is  distributed  to  the  skin  of  the  front  part  of  the  gluteal  region,  some  of 
its  filaments  extending  as  low  as  the  greater  trochanter. 

The  Lumbosacral  Plexus  (Plexus  Lumbosacralis). 

The  anterior  divisions  of  the  lumbar,  sacral,  and  coccygeal  nerves  form  the 
lumbosacral  plexus,  the  first  lumbar  nerve  being  frequently  joined  by  a  branch 
from  the  twelfth  thoracic.  For  descriptive  purposes  this  plexus  is  usually  divided 
into  three  parts — the  lumbar,  sacral,  and  pudendal  plexuses. 

The  Lumbar  Nerves  (Nn.  Lumbales). 

The  anterior  divisions  of  the  lumbar  nerves  ( rami  anteriores)  increase  in  size 
from  above  downward.  They  are  joined,  near  their  origins,  by  gray  rami  com - 
municantes  from  the  lumbar  ganglia  of  the  sympathetic  trunk.  These  rami  consist 
of  long,  slender  branches  which  accompany  the  lumbar  arteries  around  the  sides  oi 
the  vertebral  bodies,  beneath  the  Psoas  major.  Their  arrangement  is  somewhat 
irregular:  one  ganglion  may  give  rami  to  two  lumbar  nerves,  or  one  lumbar  nerve 
may  receive  rami  from  two  ganglia.  The  first  and  second,  and  sometimes  the 
third  and  fourth  lumbar  nerves  are  each  connected  with  the  lumbar  part  of  the 
sympathetic  trunk  by  a  white  ramus  communicans . 

The  nerves  pass  obliquely  outward  behind  the  Psoas  major,  or  between  its 
fasciculi,  distributing  filaments  to  it  and  the  Quadratus  lumborum.  The  fir5* 
three  and  the  greater  part  of  the  fourth  are  connected  together  in  this  situation 
by  anastomotic  loops,  and  form  the  lumbar  plexus.  The  smaller  part  of  the  fourth 
joins  with  the  fifth  to  form  the  lumbosacral  trunk,  which  assists  in  the  formauon 


THE  LUMBAR  NERVES 


of  the  sacral  plexus.  The  fourth  nerve  is  named  the  nervus  furcalis,  from  the  fact 
that  it  is  subdivided  between  the  two  plexuses.1 

The  Lumbar  Plexus2  ( plexus  lumbalu ?)  (Figs.  840,  S  I  l ,  S-42 ) . — The  lumbar  plexus  is 
formed  by  the  loops  of  communication  between  the  anterior  divisions  of  the  first 
three  and  the  greater  part  of  the  fourth  lumbar  nerves;  the  first  lumbar  often 
receives  a  branch  from  the  last  thoracic  nerve.  It  is  situated  in  the  posterior  part 
of  the  Psoas  major,  in  front  of  the  transverse  processes  of  the  lumbar  vertebra; . 
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Fig,  8-10, — Plan  of  lumbar  plexus. 


The  mode  in  which  the  plexus  is  arranged  varies  in  different  subjects.  It  differs 
from  the  brachial  plexus  in  not  forming  an  intricate  interlacement,  but  the  several 
nerves  of  distribution  arm  from  one  or  more  of  the  spinal  nerves,  in  the  following 
manner:  the  first  lumbar  nerve,  frequently  supplemented  by  a  twig  from  the  last 
thoracic,  splits  into  an  upper  and  lower  branch  ;  the  upper  and  larger  branch  divides 
into  the  iliohypogastric  and  ilioinguinal  nerves;  the  lower  and  smaller  branch 
unites  with  a  branch  of  the  second  lumbar  to  form  the  genitofemoral  nerve.  The 
remainder  of  the  second  nerve,  and  the  third  and  fourth  nerves,  divide  into  ventral 
and  dorsal  divisions.  The  ventral  division  of  the  second  unites  with  the  ventral 
divisions  of  the  third  and  fourth  nerves  to  form  the  obturator  nerve.  The  dorsal 
divisions  of  the  second  and  third  nerves  divide  into  two  branches,  a  smaller  branch 
from  each  uniting  to  form  the  lateral  femoral  cutaneous  nerve,  and  a  larger  branch 
from  each  joining  with  the  dorsal  division  of  the  fourth  nerve  to  form  the  femoral 


4  In  most  e&.w#  the  fourth  lumbar  is  the  mrvuj  furcnliit;  but  this  arrangement  is  frequently  departed  from.  The 
third  is  occasionally  the  lowest  nerve  which  enter*  the  lumbar  plexus,  giving  at  the  name  time  Home  fibers  to  the  sacral 
plexua,  and  thua  forming  the  nervus  furcidis;  or  both  the  third  and  fourth  may  be  furcal  nerves  When  this  occurs, 
the-  plexus  is  termed  high  or  prefixed.  Moro  frequently  the  fifth  nervals  divided  between  the  lumbar  and  sacral  plexus, 
aod  constitutes  the  nervus  furcalis;  and  when  this  taJces  place,  the  plexus  is  distinguished  as  u  low  or  pod  fixed  plexus. 
Themr>  variations  necessarily  ptrxluee  corresponding  modification*  in  the  sacral  plexus. 

1  Bardeen.  Aiuer,  Jour.  Auat.,  1907,  vol, 
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nerve.  The  accessory  obturator,  when  it  exists,  is  formed  by  the  union  of  two  scull 
branches  given  off  from  the  third  and  fourth  nerves. 


; '  •'  -ij ■' 


Fw.  841.— flio  lumbar  plexus  and  its  branches. 


The  branches  of  the  lumbar  plexus  may  therefore  be  arranged  as  follows 

Iliohypogastric . .  .  1  L. 

Ilioinguinal .  1  L. 

Genitofemoral . L  2  L. 


Dorsal  divisions. 

2,  3  L. 

2,  3,  4  L. 


Lateral  femoral  cutaneous 
Femoral .... 


Ventral  divisions. 

2.  3,  4  L. 

3,  4  L. 


Obturator 
Accessory  obturator 


The  Iliohypogastric  Nerve  (n .  iliohypyaAricits)  arises  from  the  first  lumbar  nerve. 
It  emerges  from  the  upper  part  of  the  lateral  border  of  the  Psoas  major,  and  crosses 
obliquely  in  front  of  the  Quadratus  lumborum  to  the  iliac  crest.  It  then  perforate? 
the  posterior  part  of  the  Transversus  abdominis,  near  the  crest  of  the  ilium,  and 
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divides  between  that  muscle  and  the  Obliquus  interims  abdominis  into  a  lateral 
and  an  anterior  cutaneous  branch. 

The  lateral  cutaneous  branch  (ramus  cidaneus  lateralis;  iliac  branch)  pierces  the 
Obliqui  interims  and  externus  immediately  above  the  iliac  crest,  and  is  distributed 
to  the  skin  of  the  gluteal  region,  behind  the  lateral  cutaneous  branch  of  the  last 
thoracic  nerv  e  (Fig.  848)  ;  the  size  of  this  branch  bears  an  inverse  proportion  to  that 
of  the  lateral  cutaneous  branch  of  the  last  thoracic  nerve. 
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Fic  642. — Depp  <md  superficial  di*c*.jctioh  of  the  lumbar  plexus.  (Tf&tut.) 

The  anterior  cutaneous  branch  (ramus  cuiancus  anterior;  hypogastric  branch ) 
(Fig.  .**43)  continues  onward  between  the  Obliquus  interims  and  Transversus.  It 
then  pierces  the  Obliquus  interims,  becomes  cutaneous  by  perforating  the  aponeu¬ 
rosis  of  the  Obliquus  externus  about  2.5  cm.  above  t  he  subcutaneous  inguinal  ring, 
and  is  distributed  to  the  skin  of  the  hypogastric  region. 

The  iliohypogastric  nerve  communicates  with  the  last  thoracic  and  ilioinguinal 
nerves. 
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The  Ilioinguinal  Nerve  (n.  ilioinguinalU ),  smaller  than  the  preceding,  arms  with 
it  from  the  first  lumbar  nerve.  ft  emerges  from  the  lateral  border  of  the  Psoas 
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major  just  below  the  iliohypogastric,  and,  passing  obliquely  across  the  Quadratus 
lumborum  and  Iliacus,  perforates  the  Transversus  abdominis,  near  the  anterior 
part  of  the  iliac  crest,  and  communicates  with  the  iliohypogastric  nerve  between  the 
Transversus  and  the  Obliquus  intemus.  The  nerve  then  pierces  the  Obliquus 
internus,  distributing  filaments  to  it,  and,  accompanying  the  spermatic  cord  through 
the  subcutaneous  inguinal  ring,  is  distributed  to  the  skin  of  the  upper  and  medial 
part  of  the  thigh,  to  the  skin  over  the  root  of  the  penis  and  upper  part  of  the  scrotum 
in  the  male,  and  to  the  skin  covering  the  mons  pubis  and  labium  majus  in  the  female. 
The  size  of  this  nerve  is  in  inverse  proportion  to  that  of  the  iliohypogastric.  Occa¬ 
sionally  it  is  very  small,  and  ends  by  joining  the  iliohypogastric;  in  such  cases,  a 
branch  from  the  iliohypogastric  takes  the  place  of  the  ilioinguinal,  or  the  latter 
nerve  may  be  altogether  absent. 

The  Genitofemoral  Nerve  (n.  genitofemoralis;  genitocrural  nerve)  arises  from  the 
first  and  second  lumbar  nerves.  It  passes  obliquely  through  the  substance  of  the 
Psoas  major,  and  emerges  from  its  medial  border,  close  to  the  vertebral  column, 
opposite  the  fibrocartilage  between  the  third  and  fourth  lumbar  vertebrae;  it 
then  descends  on  the  surface  of  the  Psoas  major,  under  cover  of  the  peritoneum, 
and  divides  into  the  external  spermatic  and  lumboinguinal  nerves.  Occasionally 
these  two  nerves  emerge  separately  through  the  substance  of  the  Psoas. 

The  external  spermatic  nerve  (n.  spermaiicus  extemus;  genital  branch  of  genito¬ 
femoral)  passes  outward  on  the  Psoas  major,  and  pierces  the  fascia  transversalis,  or 
passes  through  the  abdominal  inguinal  ring;  it  then  descends  behind  the  spermatic 
cord  to  the  scrotum,  supplies  the  Cremaster,  and  gives  a  few  filaments  to  the  skin 
of  the  scrotum.  In  the  female,  it  accompanies  the  round  ligament  of  the  uterus, 
and  is  lost  upon  it. 

The  lumboinguinal  nerve  (n.  lumboinguinalis;  femoral  or  crural  branch  of  genito¬ 
femoral)  descends  on  the  external  iliac  artery,  sending  a  few  filaments  around  it, 
and,  passing  beneath  the  inguinal  ligament,  enters  the  sheath  of  the  femoral  vessels, 
lying  superficial  and  lateral  to  the  femoral  artery.  It  pierces  the  anterior  layer  of 
the  sheath  of  the  vessels  and  the  fascia  lata,  and  supplies  the  skin  of  the  anterior 
surface  of  the  upper  part  of  the  thigh  (Fig.  843).  On  the  front  of  the  thigh  it 
communicates  with  the  anterior  cutaneous  branches  of  the  femoral  nerve.  A  few 
filaments  from  the  lumboinguinal  nerve  may  be  traced  to  the  femoral  artery. 

The  Lateral  Femoral  Cutaneous  Nerve  (n.  cutaneus  femoralis  lateralis;  external 
cutaneous  nerve)  arises  from  the  dorsal  divisions  of  the  second  and  third  lumbar 
nerves.  It  emerges  from  the  lateral  border  of  the  Psoas  major  about  its  middle, 
and  crosses  the  Iliacus  obliquely,  toward  the  anterior  superior  iliac  spine.  It  then 
passes  under  the  inguinal  ligament  and  over  the  Sartorius  muscle  into  the  thigh, 
where  it  divides  into  two  branches,  an  anterior  and  a  posterior  (Fig.  843). 

The  anterior  branch  becomes  superficial  about  10  cm.  below  the  inguinal  ligament, 
and  divides  into  branches  which  are  distributed  to  the  skin  of  the  anterior  and 
lateral  parts  of  the  thigh,  as  far  as  the  knee.  The  terminal  filaments  of  this  nerve 
frequently  communicate  with  the  anterior  cutaneous  branches  of  the  femoral  nerve, 
and  with  the  infrapatellar  branch  of  the  saphenous  nerve,  forming  with  them  the 
patellar  plexus. 

The  posterior  branch  pierces  the  fascia  lata,  and  subdivides  into  filaments  which 
pass  backward  across  the  lateral  and  posterior  surfaces  of  the  thigh,  supplying 
the  skin  from  the  level  of  the  greater  trochanter  to  the  middle  of  the  thigh. 

The  Obturator  Nerve  ( n .  obturatorius)  arises  from  the  ventral  divisions  of  the 
second,  third,  and  fourth  lumbar  nerves;  the  branch  from  the  third  is  the  largest, 
while  that  from  the  second  is  often  very  small.  It  descends  through  the  fibers 
of  the  Psoas  major,  and  emerges  from  its  medial  border  near  the  brim  of  the.  pelvis; 
it  then  passes  behind  the  common  iliac  vessels,  and  on  the  lateral  side  of  the  hypo¬ 
gastric  vessels  and  ureter,  which  separate  it  from  the  ureter,  and  runs  along  the 
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The  anterior  branch  {ramm 
anterior)  (Fig.  845}  leaves  tk 
pelvis  in  front  of  the  Obturator 
externus  and  descends  in  front  of 
the  Adductor  brevis,  and  behind 
the  Pectineus  and  Adductor 
longus^  at  the  lower  Ijorder  of 
the  latter  muscle  it  communi¬ 
cates  with  the  anterior  cutaneous 
and  saphenous  branches  of  the 
femoral  nerve,  forming  a  kind  of 
plexus.  It  then  descends  upon 
the  femoral  artery,  to  which  it 
is  finally  distributed.  Near  the 
obturator  foramen  the  nervegivt* 
off  an  articular  branch  to  the  hip- 
joint.  Behind  the  Pectineus,  it 
distributes  branches  to  the  Ad¬ 
ductor  longus  and  Gracilis,  ami 
usually  to  the  Adductor  hrevi<f 
and  in  rare  cases  to  the  Pecti¬ 
neus;  it  receives  a  communicating 
branch  from  the  accessory  ob¬ 
turator  nerve  when  that  nerve  is 
present. 

Occasionally  the  communicat¬ 
ing  branch  to  the  anterior  cuta¬ 
neous  and  saphenous  brandies  of 
the  femoral  is  continued  down, 
as  a  cutaneous  branch,  to  the 
thigh  and  leg.  When  this  is  n 
emerges  from  beneath  the  lower 
border  of  the  Adductor  longus. 
descends  along  the  posterior 
margin  of  the  Sartorius  to  die 
medial  side  of  the  knee,  where  it 
pierces  the  deep  fascia,  communi¬ 
cates  with  the  saphenous  nerve, 
and  is  distributed  to  the  skin  of 
the  tibial  side  of  the  leg  as  low 
down  as  its  middle. 

The  posterior  branch  [ramus 
posterior)  pierces  the  anterior 
part  of  the  Obturator  exterr  u> 
and  supplies  this  muscle;  it  theft 
passes  behind  the  Adductor  brevj* 
on  the  front  of  the  Adductor 
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magnus,  where  it  divides  into  numerous  muscular  branches  which  are  distributed 
to  the  Adductor  magnus  and  the  Adductor  brevis  when  the  latter  does  not  receive 
a  branch  from  the  anterior  division  of  the  nerve.  It  usually  gives  off  an  articular 
filament  to  the  knee-joint. 

The  articular  branch  for  the  knee-joint  is  sometimes  absent;  it  either  perforates 
the  lower  part  of  the  Adductor  magnus,  or  passes  through  the  opening  which  trans¬ 
mits  the  femoral  artery,  and  enters  the  popliteal  fossa;  it  then  descends  upon  the 
popliteal  artery,  as  far  as  the  back  part  of  the  knee-joint,  where  it  perforates  the 
oblique  popliteal  ligament,  and  is  distributed  to  the  synovial  membrane.  It  gives 
filaments  to  the  popliteal  artery. 

The  Accessory  Obturator  Nerve  (n.  obturatorius  accessorius)  (Fig.  841)  is  present 
in  about  29  per  cent,  of  cases.  It  is  of  small  size,  and  arises  from  the  ventral  divi¬ 
sions  of  the  third  and  fourth  lumbar  nerves.  It  descends  along  the  medial  border 
of  the  Psoas  major,  crosses  the  superior  ramus  of  the  pubis,  and  passes  under  the 
Pectineus,  where  it  divides  into  numerous  branches.  One  of  these  supplies  the 
Pectineus,  penetrating  its  deep  surface,  another  is  distributed  to  the  hip-joint; 
while  a  third  communicates  with  the  anterior  branch  of  the  obturator  nerve. 
Occasionally  the  accessory  obturator  nerve  is  very  small  and  is  lost  in  the  capsule 
of  the  hip-joint.  When  it  is  absent,  the  hip-joint  receives  two  branches  from  the 
obturator  nerve. 

The  Femoral  Nerve  (n.  femoralis;  anterior  crural  nerve)  (Fig.  845),  the  largest 
branch  of  the  lumbar  plexus,  arises  from  the  dorsal  divisions  of  the  second,  third, 
and  fourth  lumbar  nerves.  It  descends  through  the  fibers  of  the  Psoas  major, 
emerging  from  the  muscle  at  the  lower  part  of  its  lateral  border,  and  passes  down 
between  it  and  the  Iliacus,  behind  the  iliac  fascia;  it  then  runs  beneath  the  inguinal 
ligament,  into  the  thigh,  and  splits  into  an  anterior  and  a  posterior  division.  Under 
the  inguinal  ligament,  it  is  separated  from  the  femoral  artery  by  a  portion  of  the 
Psoas  major. 

Within  the  abdomen  the  femoral  nerve  gives  off  small  branches  to  the  Iliacus, 
and  a  branch  which  is  distributed  upon  the  upper  part  of  the  femoral  artery;  the 
latter  branch  may  arise  in  the  thigh. 

In  the  thigh  the  anterior  division  of  the  femoral  nerve  gives  off  anterior  cuta¬ 
neous  and  muscular  branches.  The  anterior  cutaneous  branches  comprise  the 
intermediate  and  medial  cutaneous  nerves  (Fig.  843). 

The  intermediate  cutaneous  nerve  ( ramus  cutaneus  anterior;  middle  cutaneous 
nerve)  pierces  the  fascia  lata  (and  generally  the  Sartorius)  about  7.5  cm.  below 
the  inguinal  ligament,  and  divides  into  two  branches  which  descend  in  immediate 
proximity  along  the  forepart  of  the  thigh,  to  supply  the  skin  as  low  as  the  front 
of  the  knee.  Here  they  communicate  with  the  medial  cutaneous  nerve  and  the 
infrapatellar  branch  of  the  saphenous,  to  form  the  patellar  plexus.  In  the  upper 
part  of  the  thigh  the  lateral  branch  of  the  intermediate  cutaneous  communicates 
with  the  lumboinguinal  branch  of  the  genitofemoral  nerve. 

The  medial  cutaneous  nerve  {ramus  cutaneus  anterior;  internal  cutaneous  nerve) 
passes  obliquely  across  the  upper  part  of  the  sheath  of  the  femoral  artery,  and  divides 
in  front,  or  at  the  medial  side  of  that  vessel,  into  two  branches,  an  anterior  and  a 
posterior.  The  anterior  branch  runs  downward  on  the  Sartorius,  perforates  the 
fascia  lata  at  the  lower  third  of  the  thigh,  and  divides  into  two  branches:  one 
supplies  the  integument  as  low  down  as  the  medial  side  of  the  knee;  the  other 
crosses  to  the  lateral  side  of  the  patella,  communicating  in  its  course  with  the  infra¬ 
patellar  branch  of  the  saphenous  nerve.  The  posterior  branch  descends  along  the 
medial  border  of  the  Sartorius  muscle  to  the  knee,  where  it  pierces  the  fascia  lata, 
communicates  with  the  saphenous  nerve,  and  gives  off  several  cutaneous  branches. 
It  then  passes  down  to  supply  the  integument  of  the  medial  side  of  the  leg.  Beneath 
the  fascia  lata,  at  the  lower  border  of  the  Adductor  longus,  it  joins  to  form  a  plexi- 
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form  net-work  (subsartorial  plexus)  with  branches  of  the  saphenous  and  obturator 
nerves.  When  the  communicating  branch  from  the  obturator  nerve  is  large  and 
continued  to  the  integument  of  the  leg,  the  posterior  branch  of  the  medial  cutaneous 
is  small,  and  terminates  in  the  plexus,  occasionally  giving  off  a  few  cutaneous 
filaments.  The  medial  cutaneous  nerve,  before  dividing,  gives  off  a  few  filaments, 
which  pierce  the  fascia  lata,  to  supply  the  integument  of  the  medial  side  of  the 
thigh,  accompanying  the  long  saphenous  vein.  One  of  these  filaments  passes 
through  the  saphenous  opening;  a  second  becomes  subcutaneous  about  the  middle 
of  the  thigh;  a  third  pierces  the  fascia  at  its  lower  third. 

Muscular  Branches  {rami  musculares) . — The  nerve  to  the  Pectmens  arises 
immediately  below  the  inguinal  ligament,  and  passes  behind  the  femoral  sheath  to 
enter  the  anterior  surface  of  the  muscle;  it  is  often  duplicated.  The  nerve  to  the 
Sartorius  arises  in  common  with  the  intermediate  cutaneous. 

The  posterior  division  of  the  femoral  nerve  gives  off  the  saphenous  nerve,  and 
muscular  and  articular  branches. 

The  Saphenous  Nerve  (n.  saphenus;  long  or  internal  saphenous  nerve)  (Fig.  845) 
is  the  largest  cutaneous  branch  of  the  femoral  nerve.  It  approaches  the  femoral 
artery  where  this  vessel  passes  beneath  the  Sartorius,  and  lies  in  front  of  it,  behind 
the  aponeurotic  covering  of  the  adductor  canal,  as  far  as  the  opening  in  the  lower 
part  of  the  Adductor  magnus.  Here  it  quits  the  artery,  and  emerges  from  behind 
the  lower  edge  of  the  aponeurotic  covering  of  the  canal;  it  descends  vertically 
along  the  medial  side  of  the  knee  behind  the  Sartorius,  pierces  the  fascia  lata, 
between  the  tendons  of  the  Sartorius  and  Gracilis,  and  becomes  subcutaneous. 
The  nerve  then  passes  along  the  tibial  side  of  the  leg,  accompanied  by  the  great 
saphenous  vein,  descends  behind  the  medial  border  of  the  tibia,  and,  at  the  lower 
third  of  the  leg,  divides  into  two  branches :  one  continues  its  course  along  the  margin 
of  the  tibia,  and  ends  at  the  ankle;  the  other  passes  in  front  of  the  ankle,  and  is 
distributed  to  the  skin  on  the  medial  side  of  the  foot,  as  far  as  the  ball  of  the  great 
toe,  communicating  with  the  medial  branch  of  the  superficial  peroneal  nerve. 

Branches. — The  saphenous  nerve,  about  the  middle  of  the  thigh,  gives  off  a 
branch  which  joins  the  subsartorial  plexus. 

At  the  medial  side  of  the  knee  it  gives  off  a  large  infrapatellar  branch,  which 
pierces  the  Sartorius  and  fascia  lata,  and  is  distributed  to  the  skin  in  front  of  the 
patella.  This  nerve  communicates  above  the  knee  with  the  anterior  cutaneous 
branches  of  the  femoral  nerve ;  below  the  knee,  with  other  branches  of  the  saphenous; 
and,  on  the  lateral  side  of  the  joint,  with  branches  of  the  lateral  femoral  cutaneous 
nerve,  forming  a  plexiform  net-work,  the  plexus  patellse.  The  infrapatellar  branch 
is  occasionally  small,  and  ends  by  joining  the  anterior  cutaneous  branches  of  the 
femoral,  which  supply  its  place  in  front  of  the  knee. 

Below  the  knee,  the  branches  of  the  saphenous  nerve  are  distributed  to  the  skin 
of  the  front  and  medial  side  of  the  leg,  communicating  with  the  cutaneous  branches 
of  the  femoral,  or  with  filaments  from  the  obturator  nerve. 

The  muscular  branches  supply  the  four  parts  of  the  Quadriceps  femoris.  The 
branch  to  the  Rectus  femoris  enters  the  upper  part  of  the  deep  surface  of  the  muscle, 
and  supplies  a  filament  to  the  hip-joint.  The  branch  to  the  Vastus  lateralis,  of 
large  size,  accompanies  the  descending  branch  of  the  lateral  femoral  circumflex 
artery  to  the  lower  part  of  the  muscle.  It  gives  off  an  articular  filament  to  the 
knee-joint.  The  branch  to  the  Vastus  medialis  descends  lateral  to  the  femoral 
vessels  in  company  with  the  saphenous  nerve.  It  enters  the  muscle  about  its  middle, 
and  gives  off  a  filament,  which  can  usually  be  traced  downward,  on  the  surface  of 
the  muscle,  to  the  knee-joint.  The  branches  to  the  Vastus  intermedius,  two  or 
three  in  number,  enter  the  anterior  surface  of  the  muscle  about  the  middle  of  the 
thigh;  a  filament  from  one  of  these  descends  through  the  muscle  to  the  Articularis 
genu  and  the  knee-joint.  The  articular  branch  to  the  hip-joint  is  derived  from  the 
nerve  to  the  Rectus  femoris. 
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The  articular  branches  to  the  knee-joint  are  three  in  number.  One,  a  long  slender 
filament,  is  derived  from  the  nerve  to  the  Vastus  lateralis;  it  penetrates  the  capsule 
of  the  joint  on  its  anterior  aspect.  Another,  derived  from  the  nerve  to  the  Vastus 
medialis,  can  usually  be  traced  downward  on  the  surface  of  this  muscle  to  near  the 
joint;  it  then  penetrates  the  muscular  fibers,  and  accompanies  the  articular  branch 
of  the  highest  genicular  artery,  pierces  the  medial  side  of  the  articular  capsule, 
and  supplies  the  synovial  membrane.  The  third  branch  is  derived  from  the  nerve 
to  the  Vastus  intermedius. 

The  Sacral  and  Coccygeal  Nerves  (Nn.  Sacrales  et  Coccygeus). 

The  anterior  divisions  of  the  sacral  and  coccygeal  nerves  ( rami  anteriores )  form 
the  sacral  and  pudendal  plexuses.  The  anterior  divisions  of  the  upper  four  sacral 
nerves  enter  the  pelvis  through  the  anterior  sacral  foramina,  that  of  the  fifth 
between  the  sacrum  and  coccyx,  while  that  of  the  coccygeal  nerve  curves  forward 
below  the  rudimentary  transverse  process  of  the  first  piece  of  the  coccyx.  The 
first  and  second  sacral  nerves  are  large;  the  third,  fourth,  and  fifth  diminish  pro¬ 
gressively  from  above  downward.  Each  receives  a  gray  ramus  communicans 
from  the  corresponding  ganglion  of  the  sympathetic  trunk,  while  from  the  third 
and  frequently  from  the  second  and  the  fourth  sacral  nerves,  a  white  ramus  com¬ 
municans  is  given  to  the  pelvic  plexuses  of  the  sympathetic. 

The  Sacral  Plexus  (plexus  sacralis)  (Fig.  846). — The  sacral  plexus  is  formed  by 
the  lumbosacral  trunk,  the  anterior  division  of  the  first,  and  portions  of  the  anterior 
divisions  of  the  second  and  third  sacral  nerves. 

The  lumbosacral  trunk  comprises  the  whole  of  the  anterior  division  of  the  fifth 
and  a  part  of  that  of  the  fourth  lumbar  nerve;  it  appears  at  the  medial  margin  of 
the  Psoas  major  and  runs  downward  over  the  pelvic  brim  to  join  the  first  sacral 
nerve.  The  anterior  division  of  the  third  sacral  nerve  divides  into  an  upper  and  a 
lower  branch,  the  former  entering  the  sacral  and  the  latter  the  pudendal  plexus. 

The  nerves  forming  the  sacral  plexus  converge  toward  the  lower  part  of  the  greater 
sciatic  foramen,  and  unite  to  form  a  flattened  band,  from  the  anterior  and  posterior 
surfaces  of  which  several  branches  arise.  The  band  itself  is  continued  as  the  sciatic 
nerve,  which  splits  on  the  back  of  the  thigh  into  the  tibial  and  common  peroneal 
nerves;  these  two  nerves  sometimes  arise  separately  from  the  plexus,  and  in  all 
cases  their  independence  can  be  shown  by  dissection. 

Relations. — The  sacral  plexus  lies  on  the  back  of  the  pelvis  between  the  Piriformis  and  the 
pelvic  fascia  (Fig.  847) ;  in  front  of  it  are  the  hypogastric  vessels,  the  ureter  and  the  sigmoid  colon. 
The  superior  gluteal  vessels  run  between  the  lumbosacral  trunk  and  the  first  sacral  nerve,  and  the 
inferior  gluteal  vessels  between  the  second  and  third  sacral  nerves. 

All  the  nerves  entering  the  plexus,  with  the  exception  of  the  third  sacral,  split  into  ventral 
and  dorsal  divisions,  and  the  nerves  arising  from  these  are  as  follows: 

Ventral  divisions.  Dorsal  divisions. 

Nerve  to  Quadratus  femoris 
and  Gemellus  inferior 

Nerve  to  Obturator  internus 
and  Gemellus  superior 

Nerve  to  Piriformis . (1)  2  S. 

Superior  gluteal . 4,  5  L,  1  S. 

Inferior  gluteal . 5  L,  1,  2  S. 

Posterior  femoral  cutaneous  2,  3  S  1,  2  S. 

Q  .  . .  /  Tibial  .  4,  5  L,  1,  2,  3  S. 

cia  lc  \  Common  peroneal . 4,  5  L,  1,  2  S. 

The  Nerve  to  the  Quadratus  Femoris  and  Gemellus  Inferior  arises  from  the  ventral 
divisions  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves:  it  leaves  the  pelvis 
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through  the  greater  sciatic  foramen,  below  the  Piriformis,  and  runs  down  in  front  of 
the  sciatic  nerve,  the  Gemelli,  and  the  tendon  of  the  Obturator  internus,  and  enters 
the  anterior  surfaces  of  the  muscles;  it  gives  an  articular  branch  to  the  hip-joint. 
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The  Nerve  to  the  Obturator  Interims  and  Gemellus  Superior  arises  from  the  ventral 
divisions  of  the  fifth  lumbar  and  first  and  second  sacral  nerves.  It  leaves  the  pelvis 
through  the  greater  sciatic  foramen  below  the  Piriformis,  and  gives  off  the  branch 
to  the  Gemellus  superior,  which  enters  the  upper  part  of  the  posterior  surface  of 
the  muscle.  It  then  crosses  the  ischial  spine,  reenters  the  pelvis  through  the 
lesser  sciatic  foramen,  and  pierces  the  pelvic  surface  of  the  Obturator  internus. 
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The  Nerve  to  the  Piriformis  arises  from  the  dorsal  division  of  the  second  sacral 
nerve,  or  the  dorsal  divisions  of  the  first  and  second  sacral  nerves,  and  enters 
the  anterior  surface  of  the  muscle;  this  nerve  may  be  double. 
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The  Superior  Gluteal  Nerve  (n.  glutants  superior)  arises  from  the  dorsal  divisions 
of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves;  it  leaves  the  pelvis  through 
the  greater  sciatic  foramen  above  the  Piriformis,  accompanied  by  the  superior 
gluteal  vessels,  and  divides  into  a  superior  and  an  inferior  branch.  The  superior 
br&noh  accompanies  the  upper  branch  of  the  deep  division  of  the  superior  gluteal 
artery  and  ends  in  the  Gluteus  minimus.  The  inferior  branch  runs  with  the  low  er 
branch  of  the  deep  division  of  the  superior  gluteal  artery  across  the  Gluteus 
minimus;  it  gives  filaments  to  the  Glutei  medius  and  minimus,  and  ends  in  the 
Tensor  fascia*  late. 

The  Inferior  Gluteal  Nerve  (n.  glutmis  inferior)  arises  from  the  dorsal  divisions 
of  the  fifth  lumbar  and  first  and  second  sacral  nerves;  it  leaves  the  pelvis  through 
the  greater  sciatic  foramen,  below  the  Piriformis,  and  divides  into  branches  which 
enter  the  deep  surface  of  the  Gluteus  maxiraus. 

The  Posterior  Femoral  Cutaneous  Nerve  in,  ctdaneus  femoralis  posterior;  small 
sciatic  fierce)  is  distributed  to  the  skin  of  the  perineum  and  posterior  surface  of 
the  thigh  and  leg.  It  arises  partly  from  the  dorsal  divisions  of  the  first  and  second, 
and  from  the  ventral  divisions  of  the  second  and  third  sacral  nerves,  and  issues  from 
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the  pelvis  through  the  greater  sciatic  foramen  below  the  Piriformis.  It  then  descends 
beneath  the  Gluteus  maximus  with  the  inferior  gluteal  artery,  and  runs  down  the 
back  of  the  thigh  beneath  the  fascia  lata,  and  over  the  long  head  of  the  Biceps 
femoris  to  the  back  of  the  knee;  here  it  pierces  the  deep  fascia  and  accompanies 
the  small  saphenous  vein  to  about  the  middle  of  the  back  of  the  leg,  its  terminal 
twigs  communicating  with  the  sural  nerve. 

Its  branches  are  all  cutaneous,  and  are  distributed  to  the  gluteal  region,  the  peri¬ 
neum,  and  the  back  of  the  thigh  and  leg. 

The  gluteal  branches  (nn.  clunium  inferiores ) ,  three  or  four  in  number,  turn  upward 
around  the  lower  border  of  the  Gluteus  maximus,  and  supply  the  skin  covering 
the  lower  and  lateral  part  of  that  muscle. 

The  perineal  branches  ( rami  perineales)  are  distributed  to  the  skin  at  the  upper 
and  medial  side  of  the  thigh.  One  long  perineal  branch,  inferior  pudendal  ( long 
scrotal  nerve),  curves  forward  below  and  in  front  of  the  ischial  tuberosity,  pierces 
the  fascia  lata,  and  runs  forward  beneath  the  superficial  fascia  of  the  perineum  to 
the  skin  of  the  scrotum  in  the  male,  and  of  the  labium  majus  in  the  female.  It 
communicates  with  the  inferior  hemorrhoidal  and  posterior  scrotal  nerves. 

The  branches  to  the  back  of  the  thigh  and  leg  consist  of  numerous  filaments  derived 
from  both  sides  of  the  nerve,  and  distributed  to  the  skin  covering  the  back  and 
medial  side  of  the  thigh,  the  popliteal  fossa,  and  the  upper  part  of  the  back  of  the 
leg  (Fig.  848). 

The  Sciatic  (n.  ischiadicus ;  great  sciatic  nerve)  (Fig.  850)  supplies  nearly  the  whole 
of  the  skin  of  the  leg,  the  muscles  of  the  back  of  the  thigh,  and  those  of  the  leg 
and  foot.  It  is  the  largest  nerve  in  the  body,  measuring  2  cm.  in  breadth,  and  is 
the  continuation  of  the  flattened  band  of  the  sacral  plexus.  It  passes  out  of  the 
pelvis  through  the  greater  sciatic  foramen,  below  the  Piriformis  muscle.  It  descends 
between  the  greater  trochanter  of  the  femur  and  the  tuberosity  of  the  ischium,  and 
along  the  back  of  the  thigh  to  about  its  lower  third,  where  it  divides  into  two  large 
branches,  the  tibial  and  common  peroneal  nerves.  This  division  may  take  place 
at  any  point  between  the  sacral  plexus  and  the  lower  third  of  the  thigh.  When  it 
occurs  at  the  plexus,  the  common  peroneal  nerve  usually  pierces  the  Piriformis. 

In  the  upper  part  of  its  course  the  nerve  rests  upon  the  posterior  surface  of  the 
ischium,  the  nerve  to  the  Quadratus  femoris,  the  Obturator  intemus  and  Gemelli, 
and  the  Quadratus  femoris;  it  is  accompanied  by  the  posterior  femoral  cutaneous 
nerve  and  the  inferior  gluteal  artery,  and  is  covered  by  the  Gluteus  maximus. 
Lower  down,  it  lies  upon  the  Adductor  magnus,  and  is  crossed  obliquely  by  the 
long  head  of  the  Biceps  femoris. 

The  nerve  gives  off  articular  and  muscular  branches. 

The  articular  branches  ( rami  articvlares)  arise  from  the  upper  part  of  the  nerve 
and  supply  the  hip-joint,  perforating  the  posterior  part  of  its  capsule;  they  are 
sometimes  derived  from  the  sacral  plexus. 

The  muscular  branches  (rami  musculares)  are  distributed  to  the  Biceps  femoris, 
Semitendinosus,  Semimembranosus,  and  Adductor  magnus.  The  nerve  to  the  short 
head  of  the  Biceps  femoris  comes  from  the  common  peroneal  part  of  the  sciatic, 
while  the  other  muscular  branches  arise  from  the  tibial  portion,  as  may  be  seen  in 
those  cases  where  there  is  a  high  division  of  the  sciatic  nerve. 

The  Tibial  Nerve  ( n .  tibialis;  internal  popliteal  nerve)  (Fig.  850)  the  larger  of  tbe 
two  terminal  branches  of  the  sciatic,  arises  from  the  anterior  branches  of  the 
fourth  and  fifth  lumbar  and  first,  second,  and  third  sacral  nerves.  It  descends 
along  the  back  of  the  thigh  and  through  the  middle  of  the  popliteal  fossa,  to  the  lower 
part  of  the  Popliteus  muscle,  where  it  passes  with  the  popliteal  artery  beneath  the 
arch  of  the  Soleus.  It  then  runs  along  the  back  of  the  leg  with  the  posterior 
tibial  vessels  to  the  interval  between  the  medial  malleolus  and  the  heel,  where  it 
divides  beneath  the  laciniate  ligament  into  the  medial  and  lateral  plantar  nerves. 
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In  the  thigh  it  is  overlapped  by  the  hamstring  muscles  above,  and  then  becomes 
more  superficial,  and  lies  lateral  to,  and  some  distance  from,  the  popliteal  vessels; 


Tittup 


Fxa.  H4D. — Diagram  of  the  segmental  distribution  of  the 
cutaneous  nerves  of  the  light  lower  extremity.  Posterior 

view. 


Fia,  — Cutaneous  nerves  of  right  lower 

extremity.  Posterior  view. 
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opposite  the  knee-joint,  it  is  in  dose 
relation  with  these  vessels,  u ad  crosses 
to  the  medial  side  of  the  artery .  In  the 
leg  it  is  covered  in  the  upper  part  of 
its  course  by 'the  tnttsdes  of  the  calf; 
lower  down  by  the  skin,  the  superficial 
arid  deep  fascia;.  It  is  placed  on  the 
deep  muscles,  and  lies  at  first  to  the 
medial  side  of  the  posterior  tihial 
artery,  hut  soon  crosses  that  vessel  and 
descends  on  its  lateral  side  as  far  as 
the  ankle.  Iti  the  lower  third  of  the 
leg  it  ruos  parallel  with  the  medial 
margin  of  the  tendo  calcaneus. 

The branches  of  tins  nerve  are:  artic¬ 
ular,  muscular,  medial  sural  cutaneous, 
medial  calcaneal,  medial  and  lateral 
plantar,  <  y.- * ;  ‘  > 

Articular  branches  {mini  artinjlare* )x 
itsmdly  three  w  number^  supply  the 
knee-joint;'  two-  of  these  accompany 
the  superior  and  inferior  medial  genic¬ 
ular  arteries;  and  a  third,  the  middle 
genicular  artery ,  Just above  t  he  hi- 
ttftc&imv.  of-  the-.  nerve  an  articular 
branch  is  given:  off  to  tiro  ankle- join t. 

Muscula?  branches  [rami  nt-uxeuiare#), 
four  m  five  in  number,  unVe  from  the 
nerve  as  it  lies  between  the  two.  hemh 
■J00M  ^  the  Ciastrocnemius  muscle?  they 
■nutk  supply  that  muscle,  and  the  Phvnt&ri.s, 
Sofeus,  and  Popliteus.  The  hjt&mh 
for  the  Popiitcus  turns  around the foiver 
border  and  is  districted  to  the  deep 
surface  of  the  muscle*  Lower  down, 
amsetibir  branches  separately  or 
by  a  common  trunk  and  supply  the 
Tibialis  jx^terior.  Flexor  digi- 
toEurn  kmgus,  ami  Plexor  balhieis 
longus;  the  branch  to  the  last  muscle 
accompanies  the  peroneal  artery ;  that 
to  the  Soleus  enters  the  deep  surface 
of  the  muscle. 

The  medial  sorai  cutaneous  nerrepv 

mtvneit*  $ur<v  mciliaUs:  *mmuni- 

earn  iUntilix)  descends  between  the 
two  h e^cl ^ *of; .  and, 
About  the  pf  tlve  back  of  the 

leg,  pierce*  the  deep  fascia,  and  unites 
with  the  a  nastomnth:  ramus  of  the 
Common  peroneal  to  form  the  sural 
nerve  (Fig.  84*k 
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The  sural  nerve  (n.  suralis;  short  saphenous  nerve),  formed  by  the  junction  of  the 
medial  sural  cutaneous  with  the  peroneal  anastomotic  branch,  passes  downward 
near  the  lateral  margin  of  the  tendo  calcaneus,  lying  close  to  the  small  saphenous 
vein,  to  the  interval  between  the  lateral  malleolus  and  the  calcaneus.  It  runs 
forward  below  the  lateral  malleolus,  and  is  continued  as  the  lateral  dorsal  cutaneous 
nerve  along  the  lateral  side  of  the  foot  and  little  toe,  communicating  on  the  dorsum 
of  the  foot  with  the  intermediate  dorsal  cutaneous  nerve,  a  branch  of  the  superficial 
peroneal.  In  the  leg,  its  branches  communicate  with  those  of  the  posterior  femoral 
cutaneous. 

The  medial  calcaneal  branches  ( rami  calcanei  mediates;  internal  calcaneal  branches ) 
perforate  the  laciniate  ligament,  and  supply  the  skin  of  the  heel  and  medial  side 
of  the  sole  of  the  foot. 

The  medial  plantar  nerve  (n.  plantaris  medialis;  internal  plantar  nerve)  (Fig.  851), 
the  larger  of  the  two  terminal  divisions  of  the  tibial  nerve,  accompanies  the  medial 
plantar  artery.  From  its  origin  under  the  laciniate  ligament  it  passes  under  cover 
of  the  Abductor  hallucis,  and,  appearing  between  this  muscle  and  the  Flexor  digi- 
torum  brevis,  gives  off  a  proper  digital  plantar  nerve  and  finally  divides  opposite 
the  bases  of  the  metatarsal  bones  into  three  common  digital  plantar  nerves. 

Branches. — The  branches  of  the  medial  plantar  nerve  are:  (1)  cutaneous, 
(2)  muscular,  (3)  articular,  (4)  a  proper  digital  nerve  to  the  medial  side  of  the  great 
toe,  and  (5)  three  common  digital  nerves. 

The  cutaneous  branches  pierce  the  plantar  aponeurosis  between  the  Abductor 
hallucis  and  the  Flexor  digitorum  brevis  and  are  distributed  to  the  skin  of  the  sole 
of  the  foot. 

The  muscular  branches  supply  the  Abductor  hallucis,  the  Flexor  digitorum  brevis, 
the  Flexor  hallucis  brevis,  and  the  first  Lumbricalis;  those  for  the  Abductor  hallucis 
and  Flexor  digitorum  brevis  arise  from  the  trunk  of  the  nerve  near  its  origin  and 
enter  the  deep  surfaces  of  the  muscles;  the  branch  of  the  Flexor  hallucis  brevis 
springs  from  the  proper  digital  nerve  to  the  medial  side  of  the  great  toe,  and  that 
for  the  first  Lumbricalis  from  the  first  common  digital  nerve. 

The  articular  branches  supply  the  articulations  of  the  tarsus  and  metatarsus. 

The  proper  digital  nerve  of  the  great  toe  {nn.  digitales  plantares  proprii;  plantar 
digital  branches)  supplies  the  Flexor  hallucis  brevis  and  the  skin  on  the  medial  side 
of  the  great  toe. 

The  three  common  digital  nerves  (nn.  digitales  plantares  communes)  pass  between 
the  divisions  of  the  plantar  aponeurosis,  and  each  splits  into  two  proper  digital 
nerves — those  of  the  first  common  digital  nerve  supply  the  adjacent  sides  of  the 
great  and  second  toes;  those  of  the  second,  the  adjacent  sides  of  the  second  and 
third  toes;  and  those  of  the  third,  the  adjacent  sides  of  the  third  and  fourth  toes. 
The  third  common  digital  nerve  receives  a  communicating  branch  from  the  lateral 
plantar  nerve;  the  first  gives  a  twig  to  the  first  Lumbricalis.  Each  proper  digital 
nerve  gives  off  cutaneous  and  articular  filaments;  and  opposite  the  last  phalanx 
sends  upward  a  dorsal  branch,  which  supplies  the  structures  around  the  nail, 
the  continuation  of  the  nerve  being  distributed  to  the  ball  of  the  toe.  It  will  be 
observed  that  these  digital  nerves  are  similar  in  their  distribution  to  those  of  the 
median  nerve  in  the  hand. 

The  Lateral  Plantar  Nerve  (n.  plantaris  lateralis;  external  plantar  nerve)  (Fig. 
851)  supplies  the  skin  of  the  fifth  toe  and  lateral  half  of  the  fourth,  as  well  as  most 
of  the  deep  muscles,  its  distribution  being  similar  to  that  of  the  ulnar  nerve  in  the 
hand.  It  passes  obliquely  forward  with  the  lateral  plantar  artery  to  the  lateral 
side  of  the  foot,  lying  between  the  Flexor  digitorum  brevis  and  Quadratus  plante; 
and,  in  the  interval  between  the  former  muscle  and  the  Abductor  digiti  quinti, 
divides  into  a  superficial  and  a  deep  branch.  Before  its  division,  it  supplies  the 
Quadratus  plant®  and  Abductor  digiti  quinti. 
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The  superficial  branch  (ramus  superficial  is)  splits  into  a  proper  and  a  common 
gital  nerve;  the  proper  digital  nerve  supplies  the  lateral  side  of  the  little  toe. 

the  Flexor  digiti  quinti  brevis,  and  the  two 
f*  Interossei  of  the  fourth  intermetatarsal  space; 
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Tio :  £5 2 — Diagram  of  the  •egmeotal  distribution  of  the 
cutaneous  nerre*  of  the  aol«i  of  the  foot 

The  deep  branch  (ramus  profundus;  muscular  branch)  accompanies  the  lateral 
plantar  artery  on  the  deep  surface  of  the  tendons  of  the  Flexor  muscles  and  the 
Adductor  hallucis,  and  supplies  all  the  Interossei  (except  those  in  the  fourth 
metatarsal  space),  the  second,  third,  and  fourth  Lumbricales,  and  the  Adductor 
hallucis* 

The  Common  Peroneal  Nerve  (n.  peronwus  communis;  external  popliteal  rum; 
peroneal  nerve)  (Fig.  850),  about  one-half  the  size  of  the  tibial,  is  derived  from  the 
dorsal  branches  of  the  fourth  and  fifth  lumbar  and  the  first  and  second  sacral 
nerves.  It  descends  obliquely  along  the  lateral  side  of  the  popliteal  fossa  to  the  head 
of  the  fibula,  close  to  the  medial  margin  of  the  Biceps  femoris  muscle.  It  lies 
between  the  tendon  of  the  Biceps  femoris  and  lateral  head  of  the  Gastrocnemius 
muscle,  winds  around  the  neck  of  the  fibula,  between  the  Peromeus  longus  and  the 
bone,  and  divides  beneath  the  muscle  into  the  superficial  and  deep  peroneal  nerves. 
Previous  to  its  division  it  gives  off  articular  and  lateral  sural  cutaneous  nerves. 

The  articular  branches  (rami  articularcs)  are  three  in  number;  two  of  these  accom¬ 
pany  the  superior  and  inferior  lateral  genicular  arteries  to  the  knee;  the  upper  one 
occasionally  arises  from  the  trunk  of  the  sciatic  nerve.  The  third  (recurrent) 
articular  nerve  is  given  off  at  the  point  of  division  of  the  common  peroneal  nerve; 
it  ascends  with  the  anterior  recurrent  tibial  artery  through  the  Tibialis  anterior  to 
the  front  of  the  knee. 

The  lateral  sural  cutaneous  nerve  (n,  cutaneus  surw  lateralis:  lateral  cutaneous 
branch)  supplies  the  skin  on  the  posterior  and  lateral  surfaces  of  the  leg;  one 
branch,  the  peroneal  anastomotic  (n.  comm unican s  fibularis),  arises  near  the  head 
of  the  fibula,  crosses  the  lateral  head  of  the  Gastrocnemius  to  the  middle  of  the 


Ftd  851. — The  plantar  nerves. 
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leg,  and  joins  with  the  medial  sural  cutaneous  to  form  the  sural  nerve.  The 
peroneal  anastomotic  is  occasionally  continued  down  as  a  separate  branch  as  far 
as  the  heel. 

The  Deep  Peroneal  Nerve  (n.  perorurus  profundus;  anterior  tibial  nerve)  (Fig. 
845)  begins  at  the  bifurcation  of  the  common  peroneal  nerve,  between  the  fibula 
and  upper  part  of  the  Peroiueus 

longus,  passes  obliquely  forward  a 

beneath  the  Extensor  digitorum 
longus  to  the  front  of  the  inter-  I| 

comes  Wk  .JBH 


osseous  membrane,  and 
into  relation  with  the  anterior 
tibial  artery  above  the  middle 
of  the  leg;  it  then  descends  with 
the  artery  to  the  front  of  the 
ankle-joint,  where  it  divides  into 
a  lateral  and  a  medial  terminal 
branch.  It  lies  at  first  on  the 
lateral  side  of  the  anterior  tibial 
artery,  then  in  front  of  it,  and 
again  on  its  lateral  side  at  the 
ankle-joint. 

In  the  leg,  the  deep  peroneal 
applies  muscular  branches 


nerve  si 

to  the  Tibialis  anterior,  Extensor 
digitorum  longus,  Feronseus  ter- 
tius,  and  Extensor  hallucis  pro- 
prius,  and  an  articular  branch  to 
the  ankle-joint. 

The  lateral  terminal  branch 
(external  or  tarsal  branch)  passes 
across  the  tarsus,  beneath  the 
Extensor  digitorum  brevis,  and, 
having  become  enlarged  like  the 
dorsal  interosseous  nerve  at  the 
wrist,  supplies  the  Extensordigi- 
torum brevis.  From  theenlarge- 
inent  three  minute  interosseous 
branches  are  given  off,  which  sup¬ 
ply  the  tarsal  joints  and  the 
metatarsophalangeal  joints  of 
the  second,  third,  and  fourth 
toes.  The  first  of  these  sends  a 
filament  to  the  second  Inter- 
osaeus  dorsalis  muscle. 

The  medial  terminal  branch 
(internal  branch)  accompanies 
the  dorsalis  pedis  artery  along 
the  dorsum  of  the  foot,  and,  at 
the  first  interosseous  space,  di¬ 
vides  into  two  dorsal  digital 
nerves  (nn.  digitales  dorsafes  hallucis  lateralis  et  digiti  second  i  medial  is)  which  supply 
the  adjacent  sides  of  the  great  and  second  toes,  communicating  with  the  medial 
dorsal  cutaneous  branch  of  the  superficial  peroneal  nerve.  Before  it  divides  it 
gives  off  to  the  first  space  an  interosseous  branch  winch  supplies  the  metatarso- 


CuTANEOUS  branch 
Of  SUPERFICIAL 
PERONEAL 


— LATERAL  BRANCH  OF 
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DIGITORUM 


BRANCHEA  CJ* 

SUPERFICIAL  PERONEAL 
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phalangeal  joint  of  the  great  toe  and  sends  a  filament  to  the  first  Intemsseous 
dorsalis  musde. 

The  Superficial  Peroneal  Nerve  (n.  peroncrus  superficial is;  musculocutaneous  nem) 
(Figs.  845,  853)  supplies  the  Peronei  longus  and  brevis  and  the  skin  over  the  greater 
part  of  the  dorsum  of  the  foot.  It  passes  forward  between  the  Pm>na*i  and  die 
Extensor  digitorum  longus,  pierces  the  deep  fascia  at  the  lower  third  of  the  leg,  and 

divides  into  a  media  l  and  ati  inter¬ 
mediate  dorsal  cutaneous  nerve.  In 
itscoiunse  between  the  muscles,  the 
nerve  gives  off  muscular  branches 
to  the  Peromei  longus  and  brevh, 
and  cutaneous  filaments  to  the 
integument  of  the  lower  part  of 
the  leg. 

The  medial 
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dorsal  cutaneous 
nerve  ( n <  cu  tan  at#  do rmt  is  medial  is; 
interval  dorsal  cutaneous  branch ) 
passes  in  front  of  the  ankle-joint, 
and  divides  into  two  dorsal  digital 
branches,  one  of  which  supplies 
the  medial  side  of  the  great  ti*\ 
the  other,  the  adjacent  side  of  the 
second  and  third  toes.  It  also 
supplies  the  integument  of  die 
medial  side  of  the  foot  and  ankle, 
and  communicates with  the  saphe¬ 
nous  nerve,  and  with  the  deep 
peroneal  nerve  (Fig.  843). 

The  intermediate  dorsal  cuta¬ 
neous  nerve  in.  cutanea*  dorsalis 
intermedium;  external  dorsal  cuta¬ 
neous  branch ),  the  smaller,  passes 
along  the  lateral  part  of  the  dor¬ 
sum  of  the  foot,  and  divides  into 
dorsal  digital  branches,  which  sup¬ 
ply  the  contiguous  sides  of  the 
third  and  fourth,  and  of  the 
fourth  and  fifth  toes.  It  also 
supplies  the  skin  of  the  lateral 
side  of  the  foot  and  ankle,  and  communicates  with  the  sural  nerve  (Fig.  843!. 
The  branches  of  the  superficial  peroneal  nerve  supply  the  skin  of  the  dorsal 
surfaces  of  all  the  toes  excepting  the  lateral  side  of  the  little  toe.  and  the  adjoining 
sides  of  the  great  and  second  toes,  the  former  being  supplied  by  the  lateral  dorsal 
cutaneous  nerve  from  the  sural  nerve,  and  the  latter  bv  the  medial  branch  of  the 
deep  peroneal  nerve.  Frequently  some  of  the  lateral  branches  of  the  superficial 
peroneal  are  absent,  and  their  places  are  then  taken  by  branches  of  the  sural 
nerve. 

The  Pudendal  Plexus  ( plexus  pudendum)  (Fig.  846). — The  pudendal  plexus  is 
not  sharply  marked  off  from  the  sacral  plexus,  and  as  a  consequence  some  of  the 
branches  Which  spring  from  it  may  arise  in  conjunction  with  those  of  the  sacral 
plexus.  It  lies  on  the  posterior  wall  of  the  pelvis,  and  is  usually  formed  by  branches 
from  the  anterior  divisions  of  the  second  and  third  sacral  nerves,  the  w  hole  of  the 
anterior  divisions  of  the  fourth  and  fifth  sacral  nerves,  and  the  coccygeal  nerve. 
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It  gives  off  the  following  branches 
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The  Perforating  Cutaneous  Nerve  (ri.  clunium  inferior  medialw)  usually  arw&r  from 
the  posterior  surface  of  the  second  and  third  sacral  nerves.  It  pierces  the  lower 
part  of  the  sacrotuberous  ligament,  and  winding  around  the  inferior  border  of  the 
Glutams  m&ximus  supplies  the  skin  covering  the  mtMiial  and  lower  parts  of  that 
muscle. 

The  perforating  cutaneous  nerve  may  arise  from  the  pudendal  or  it  may  be  absent;  in  the 
latter  case  its  place  may  be  taken  by  a  branch  from  the  posterior  femoral  cutaneous  nerve  or  by 
a  branch  from  the  third  and  fourth,  or  fourth  and  fifth,  sacral  nerves. 

The  Pudendal  Nerve  (n.  pudetidus;  iniernid  pudie  nerve)  derives  its  fibers  from  the 
ventral  branches  of  the  second,  third,  and  fourth  sacral  nerves.  It  passes  between 
the  Piriformis  arid  Coceygeus  muscles  and  leaves  the  pelvis  through  the  lower  part 
of  the  greater  sciatic  foramen.  It  then  crosses  the  spine  of  the  ischium,  and 
reenters  the  pelvis  through  the  lesser  scia  tic  foramen.  It  accompanies  the  internal 
pudendal  vessels  upward  and  forward  along  the  lateral  wall  of  the  ischiorectal 
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fossa,  being  contained  in  a  sheath  of  the  obturator  fascia  termed  Alcock’s  cinil, 
and  divides  into  two  terminal  branches,  viz.,  the  perineal  nerve,  and  the  dorsal  nerre 
of  the  penis  or  clitoris.  Before  its  division  it  gives  off  the  inferior  hemorrhoidal  nerve. 

The  inferior  hemorrhoidal  nerve  (ft.  haemorrhoidalis  inferior)  occasionally  antes 
directly  from  the  sacral  plexus;  it  crosses  the  ischiorectal  fossa,  with  the  inferior 
hemorrhoidal  vessels,  toward  the  anal  canal  and  the  lower  end  of  the  rectum, 
and  is  distributed  to  the  Sphincter  ani  externus  and  to  the  integument  around  the 
anus.  Branches  of  this  nerve  communicate  with  the  perineal  branch  of  the  posterior 
femoral  cutaneous  and  with  the  posterior  scrotal  nerves  at  the  forepart  of 
the  perineum. 

The  perineal  nerve  in,  perinei),  the  inferior  and  larger  of  the  two  terminal  branches 
of  the  pudendal,  is  situated  below  the  internal  pudendal  artery.  It  accompanies 
the  perineal  artery  and  divides  into  posterior  scrotal  (or  labial)  and  muscular  branches. 

The  posterior  scrotal  (or  labial)  branches  (rm.  scrotales  (or  labiales)  posteriori; 
superficial  peroneal  nerves)  are  two  in  number,  medial  and  lateral.  They  pierce 
the  fascia  of  the  urogenital  diaphragm,  and  run  forward  along  the  lateral  part  of 
the  urethral  triangle  in  company  with  the  posterior  scrotal  branches  of  the  perineal 
artery;  they  are  distributed  to  the  skin  of  the  scrotum  and  communicate  with  the 
perineal  branch  of  the  posterior  femoral  cutaneous  nerve.  These  nerves  supply  the 
labium  majus  in  the  female. 

The  muscular  branches  are  distributed  to  the  Transversus  perinaei  superficialis, 
Bulbocavernous,  Ischiocavernosus,  and  Constrictor  urethrae.  A  branch,  the 
nerve  to  the  bulb,  given  off  from  the  nerve  to  the  Bulbocavernosus,  pierces  this 
muscle,  and  supplies  the  corpus  cavernosum  urethrae,  ending  in  the  mucous 
membrane  of  the  urethra. 

The  dorsal  nerve  of  the  penis  (ft.  dorsalis  penis)  is  the  deepest  division  of  the  puden¬ 
dal  nerve;  it  accompanies  the  internal  pudendal  artery  along  the  ramus  of  the 
ischium;  it  then  runs  forward  along  the  margin  of  the  inferior  ramus  of  the  pubis, 
between  the  superior  and  inferior  layers  of  the  fascia  of  the  urogenital  diaphragm. 
Piercing  the  inferior  layer  it  gives  a  branch  to  the  corpus  cavernosum  penis,  and 
passes  forward,  in  company  with  the  dorsal  artery  of  the  penis,  between  the  layers 
of  the  suspensory  ligament,  on  to  the  dorsum  of  the  penis,  and  ends  on  the  glans 
penis.  In  the  female  this  nerve  is  very  small,  and  supplies  the  clitoris  (n.  dorsalis 
clitoridis). 

The  Visceral  Branches  arise  from  the  third  and  fourth,  and  sometimes  from  the 
second,  sacral  nerves,  and  are  distributed  to  the  bladder  and  rectum  and,  in  the 
female,  to  the  vagina;  they  communicate  with  the  pelvic  plexuses  of  the  sympathetic. 

The  Muscular  Branches  are  derived  from  the  fourth  sacral,  and  supply  the  Levator 
ani,  Coccygeus,  and  Sphincter  ani  externus.  The  branches  to  the  Levator  ani 
and  Coccygeus  enter  their  pelvic  surfaces;  that  to  the  Sphincter  ani  externus 
(perineal  branch)  reaches  the  ischiorectal  fossa  by  piercing  the  Coccygeus  or  by 
passing  between  it  and  the  Levator  ani.  Cutaneous  filaments  from  this  branch 
supply  the  skin  between  the  anus  and  the  coccyx. 

Anococcygeal  Nerves  (nn.  anococcygei) . — The  fifth  sacral  nerve  receives  a  com¬ 
municating  filament  from  the  fourth,  and  unites  with  the  coccygeal  nerve  to  form 
the  coccygeal  plexus.  From  this  plexus  the  anococcygeal  nerves  take  origin;  they 
consist  of  a  few  fine  filaments  which  pierce  the  sacrotuberous  ligament  to  supply 
the  skin  in  the  region  of  the  coccyx. 

THE  SYMPATHETIC  NERVOUS  SYSTEM. 

The  sympathetic  nervous  system  (Fig.  856)  innervates  all  the  smooth  muscles  and 
the  various  glands  of  the  body,  and  the  striated  muscle  of  the  heart.  The  efferent 
sympathetic  fibers  which  leave  the  central  nervous  system  in  connection  with 
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The  peripheral  portion  of  the  sympathetic  nervous  system  is  characterized  by 
the  presence  of  numerous  ganglia  and  complicated  plexuses.  These  ganglia  are 
connected  with  the  central  nervous  system  by  three  groups  of  sympathetic  efferent 
or  preganglionic  fibers,  i.  e.,  the  cranial,  the  thoracolumbar,  and  the  sacral.  These 
outflows  of  sympathetic  fibers  are  separated  by  intervals  where  no  connections 
exist.  The  cranial  and  sacral  sympathetics  are  often  grouped  together  owing  to 
the  resemblance  between  the  reactions  produced  by  stimulating  them  and  by  the 
effects  of  certain  drugs.  Acetyl-choline,  for  example,  when  injected  intravenously 
in  very  small  doses,  produces  the  same  effect  as  the  stimulation  of  the  cranial  or 
sacral  sympathetics,  while  the  introduction  of  adrenalin  produces  the  same  effect 
as  the  stimulation  of  the  thoracolumbar  sympathetics.  Much  of  our  present 
knowledge  of  the  sympathetic  nervous  system  has  been  acquired  through  the  appli¬ 
cation  of  various  drugs,  especially  nicotine  which  paralyzes  the  connections  or 
synapses  between  the  preganglionic  and  postganglionic  fibers  of  the  sympathetic 
nerves.  When  it  is  injected  into  the  general  circulation  all  such  synapses  are 
paralyzed;  when  it  is  applied  locally  on  a  ganglion  only  the  synapses  occurring  in 
that  particular  ganglion  are  paralyzed. 

Langley,1  who  has  contributed  greatly  to  our  knowledge,  adopted  a  terminology 
somewhat  different  from  that  used  here  and  still  different  from  that  used  by  the 
pharmacologists.  This  has  led  to  considerable  confusion,  as  shown  by  the  arrange¬ 
ment  of  the  terms  in  the  following  columns.  Gaskell  has  used  the  term  involuntary 
nervous  system.2 


Gray. 

Sympathetic  nervous  system. 
Cranio-sacral  sympathetics. 
Oculomotor  sympathetics. 
Facial  sympathetics. 
Glossopharyngeal  sympathetics 
Vagal  sympathetics. 

Sacral  sympathetics. 
Thoracolumbar  sympathetics. 

Enteric. 


Langley. 

Autonomic  nervous  system. 
Parasympathetics. 

Tectal  autonomies. 

Bulbar  autonomies. 

Sacral  autonomies. 
Sympathetic. 

Thoracic  autonomic. 
Enteric. 


Meyer  and  Gottlieb.1 

Vegetative  nervous  system. 
Autonomic. 

Cranial  autonomies. 


Sacral  autonomies. 
Sympathetic. 

Enteric. 


THE  CRANIAL  SYMPATHETICS. 

The  cranial  sympathetics  include  sympathetic  efferent  fibers  in  the  oculomotor, 
facial,  glossopharyngeal  and  vagus  nerves,  as  well  as  sympathetic  afferent  in  the 
last  three  nerves. 

The  Sympathetic  Efferent  Fibers  of  the  Oculomotor  Nerve  probably  arise  from  cells 
in  the  anterior  part  of  the  oculomotor  nucleus  which  is  located  in  the  tegmentum 
of  the  mid-brain.  These  preganglionic  fibers  run  with  the  third  nerve  into  the  orbit 
and  pass  to  the  ciliary  ganglion  where  they  terminate  by  forming  svmapses  with 
sympathetic  motor  neurons  vvhose  axons,  postganglionic  fibers,  proceed  as  the  short 
ciliary  nerves  to  the  eyeball.  Here  they  supply  motor  fibers  to  the  Ciliaris  muscle 
and  the  Sphincter  pupillse  muscle.  So  far  as  known  there  are  no  sympathetic 
afferent  fibers  connected  with  the  nerve  (Fig.  869). 

The  Sympathetic  Efferent  Fibers  of  the  Facial  Nerve  are  supposed  to  arise  from  the 
small  cells  of  the  facial  nucleus.  According  to  some  authors  the  fibers  to  the  sali¬ 
vary  glands  arise  from  a  special  nucleus,  the  superior  salivatory  nucleus,  consisting 
of  celL  scattered  in  the  reticular  formation,  dorso-medial  to  the  facial  nucleus. 
These  preganglionic  fibers  are  distributed  partly  through  the  chorda  tympani  and 

1  Schafer.  Textbook  of  Physiology,  1900. 

2  Gaskell,  W.  H.,  The  Involuntary  Nervous  System,  London,  1916. 

1  Die  Experimentelle  Pharmakologie,  1910. 


THE  CRANIAL  SYMPATHETIC IS 


lingual  nerves  to  the  suhmaxillary  ganglion  where  they  terminate  about  the  ceil 
bodies  of  neurons  whose  axons  as  postganglionic  fibers  conduct  secretory  and  vaso 
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dilator  impulses  to  the  submaxillary  and  sublingual  glands.  Other  preganglionic 
fibers  of  the  facial  nerve  pass  via  the  great  superficial  petrosal  nerve  to  the  spheno¬ 
palatine  ganglion  where  they  form  synapses  with  neurons  whose  postganglionic 
fibers  are  distributed  with  the  superior  maxillary  nerve  as  vasodilator  and  secretory 
fibers  to  the  mucous  membrane  of  the  nose,  soft  palate,  tonsils,  uvula,  roof  of  the 
mouth,  upper  lips  and  gums,  parotid  and  orbital  glands  (Figs.  859  and  860). 

There  are  supposed  to  be  a  few  sympathetic  afferent  fibers  connected  with  the 
facial  nerve,  whose  cell  bodies  lie  in  the  geniculate  ganglion,  but  very  little  is  known 
about  them. 


The  Sympathetic  Afferent  Fibers  of  the  Glossopharyngeal  Nerve  are  supposed  to  arise 
either  in  the  dorsal  nucleus  (nucleus  ala  cinerea)  or  in  a  distinct  nucleus,  the  inferior 
salivatory  nucleus,  situated  near  the  dorsal  nucleus.  These  preganglionic  fibers 
pass  into  the  tympanic  branch  of  the  glossopharyngeal  and  then  with  the  small 
superficial  petrosal  nerve  to  the  otic  ganglion.  Postganglionic  fibers,  vasodilator 
and  secretory  fibers,  are  distributed  to  the  parotid  gland,  to  the  mucous  membrane 
and  its  glands  on  the  tongue,  the  floor  of  the  mouth,  and  the  lower  gums  (Fig.  861  \ 
Sympathetic  Afferent  Fibers  of  the  Glossopharyngeal  whose  cells  of  origin  lie  in 
the  superior  or  inferior  ganglion  of  the  trunk,  are  supposed  to  terminate  in  the 
dorsal  nucleus.  Very  little  is  known  of  the  peripheral  distribution  of  these  fibers. 

The  Sympathetic  Efferent  Fibers  of  the  Vagus  Nerve  are  supposed  to  arise  in  the 
dorsal  nucleus  (nucleus  ala  cinerea).  These  preganglionic  fibers  are  all  supposed  to 
end  in  sympathetic  ganglia  situated  in  or  near  the  organs  supplied  by  the  vagus  sym- 


THE  SACRA  L  ST, MPA TH ETICS 


979 


pathetics.  The  inhibitory  fibers  to  the  heart  proh»My  terminate  in  the  smalt  ganglia 
of  the  heart  wall  espeebdiy  the  atrium,  frwii  whfch  hthlbitPKy po^tgttB^lbaic  fibers 
arc  distribute  l  to  thc-m«seul»tutt‘.  The  pn'gangltonieraotonmWfa  iulhe  e$pp|&gus, 
tl<e  stnrriReh,  the  small  intesthie,  ansi  the  greater  part  of  tie,!  large  intestine  are 
supposed  to  terminate  in  the  plexuses  >A  Auerbach,.  from  which  postganglionic 
fibers  art  distributed  to  the  smooth  musi-les  of  these  organs.  Other  fibers  pass  to 
the  smooth  muscles  of  the  bronchial  tree  and  to  the  gall-bladder  and  its  duets. 
In  addition  thtv  vagtts  is  believed  to  contain  secretory  fibers  to  the  stomach  and 
pancreas.  It  probably  contains  tuapy  other,  efiereo.t  fibers  than  those  enumerated 
above. 
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Sympathetic  Afferent  Fibers  of  the  Vagus,  whose  bells  of  origin  lie  in  the  jugular 
ganglion  or  the  ganglion  nodosum,  probably  terminate  in  the  dorsal  nucleus  of  the 
medulla  oblongata  or  according  to  some  authors  in  the  nucleus  of  the.  trartus 
solitarius.  Peripherally  the  fibers  art-  supposed  to  be  distributed  to  the  various 
organs  supplied  by  tlie  sympathetic  efferent  fibers. 


THE  SACRAL  SYMPATHETtCS. 


The  Sacral  Sympathetic  Efferent  .Fibers  leave  the  spinal  cord  with  the  anterior  roots 
of  the  second,  third  and  fourth  sacral  nerves.  These  Small, medidlatetl  preganglionic 
fibers  -are  collected  together  in  the  pelvis  into  the  nervus  erigentes  or  pelvic  nerve 
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which  proceeds  to  the  hypogastric  or  pelvic  plexuses  from  which  postganglionic 
fibers  are  distributed  to  the  pelvic  viscera.  Motor  fibers  pass  to  the  smooth  muscle 
of  the  descending  colon,  rectum,  anus  and  bladder.  Vasodilators  are  distributed 
to  these  organs  and  to  the  external  genitalia,  while  inhibitor}'  fibers  probably  pass 
to  the  smooth  muscles  of  the  external  genitalia.  Afferent  sympathetic  fibers  conduct 
impulses  from  the  pelvic  viscera  to  the  second,  third  and  fourth  sacral  nerves. 
Their  cells  of  origin  lie  in  the  spinal  ganglia. 


Fia.  800. — Sympathetic  connections  of  the  submaxillary  and  superior  cervical  ganglia. 


THE  THORACOLUMBAR  SYMPATHETICS. 

The  thoracolumbar  sympathetic  fibers  arise  from  the  dorso-lateral  region  of  the 
anterior  column  of  the  gray  matter  of  the  spinal  cord  and  pass  with  the  anterior 
roots  of  all  the  thoracic  and  the  upper  two  or  three  lumbar  spinal  nerves.  These 
preganglionic  fibers  enter  the  white  rami  communicantes  and  proceed  to  the 
sympathetic  trunk  where  many  of  them  end  in  its  ganglia,  others  pass  to  the  pre- 
vertebral  plexuses  and  terminate  in  its  collateral  ganglia.  The  postganglionic 
fibers  have  a  wide  distribution.  The  vasoconstrictor  fibers  to  the  bloodvessels  of  the 
skin  of  the  trunk  and  limbs,  for  example,  leave  the  spinal  cord  as  preganglionic 
fibers  in  all  the  thoracic  and  the  upper  two  or  three  lumbar  spinal  nerves  and 
terminate  in  the  ganglia  of  the  sympathetic  trunk,  either  in  the  ganglion  directly 
connected  with  its  ramus  or  in  neighboring  ganglia.  Postganglionic  fibers  arise 
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in  these  ganglia,  pass  through  gray  rami  communicantes  to  all  the  spinal  nerves, 
and  are  distributed  with  their  cutaneous  branches,  ultimately  leaving  these  branches 
to  join  the  small  arteries.  The  postganglionic  fibers  do  not  necessarily  return  to 
the  same  spinal  nerves  which  contain  the  corresponding  preganglionic  fibers.  The 
vasoconstrictor  fibers  to  the  head  come  from  the  upper  thoracic  nerves,  the  pre¬ 
ganglionic  fibers  end  in  the  superior  cervical  ganglion.  The  postganglionic  fibers 
pass  through  the  internal  carotid  nerve  and  branch  from  it  to  join  the  sensory 
branches  of  the  various  cranial  nerves,  especially  the  trigeminal  nerve;  other  fibers 
to  the  deep  structures  and  the  salivary  glands  probably  accompany  the  arteries. 


The  postganglionic  vasoconstrictor  fibers  to  the  bloodvessels  of  the  abdominal 
viscera  arise  in  the  prevertebral  or  collateral  ganglia  in  which  terminate  many 
preganglionic  fibers.  Vasoconstrictor  fibers  to  the  pelvic  viscera  arise  from  the 
inferior  mesenteric  ganglia. 

The  pilomotor  fibers  to  the  hairs  and  the  motor  fibers  to  the  sweat  glands  appar¬ 
ently  have  a  distribution  similar  to  that  of  the  vasoconstrictors  of  the  skin. 

A  vasoconstrictor  center  has  been  located  by  the  physiologists  in  the  neighbor¬ 
hood  of  the  facial  nucleus.  Axons  from  its  cells  are  supposed  to  descend  in  the  spinal 
cord  to  terminate  about  cell  bodies  of  the  preganglionic  fibers  located  in  the  dorso¬ 
lateral  portion  of  the  anterior  column  of  the  thoracic  and  upper  lumbar  region. 

The  motor  supply  to  the  dilator  pupillse  muscle  of  the  eye  comes  from  pregan- 
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glionic  sympathetic  fibers  which  leave  the  spinal  cord  with  the  anterior  roots  of  the 
upper  thoracic  nerves.  These  fibers  pass  to  the  sympathetic  trunk  through  the 
white  rami  communicantes  and  terminate  in  the  superior  cervical  ganglion.  Post¬ 
ganglionic  fibers  from  the  superior  cervical  ganglion  pass  through  the  internal 
carotid  nerve  and  the  ophthalmic  division  of  the  trigeminal  nerve  to  the  orbit 
where  the  long  ciliary  nerves  conduct  the  impulses  to  the  eyeball  and  the  dilator 
pupillse  muscle.  The  cell  bodies  of  these  preganglionic  fibers  are  connected  with 
fibers  which  descend  from  the  mid-brain. 

Other  postganglionic  fibers  from  the  superior  cervical  ganglion  are  distributed  as 
secretory  fibers  to  the  salivary  glands,  the  lacrimal  glands  and  to  the  small  glands 
of  the  mucous  membrane  of  the  nose,  mouth  and  pharynx. 

The  thoracic  sympathetics  supply  accelerator  nerves  to  the  heart.  They  are 
supposed  to  emerge  from  the  spinal  cord  in  the  anterior  roots  of  the  upper  four  or 
five  thoracic  nerves  and  pass  with  the  white  rami  to  the  first  thoracic  ganglion, 
here  some  terminate,  others  pass  in  the  ansa  subclavia  to  the  inferior  cervical 
ganglion.  The  postganglionic  fibers  pass  from  these  ganglia  partly  through  the 
ansa  subclavia  to  the  heart,  on  their  way  they  intermingle  with  sympathetic  fibers 
from  the  vagus  to  form  the  cardiac  plexus. 

Inhibitory  fibers  to  the  smooth  musculature  of  the  stomach,  the  small  intestine 
and  most  of  the  large  intestine  are  supposed  to  emerge  in  the  anterior  roots  of  the 
lower  thoracic  and  upper  lumbar  nerves.  These  fibers  pass  through  the  white  rami 
and  sympathetic  trunk  and  are  conveyed  by  the  splanchnic  nerves  to  the  pre- 
vertebral  plexus  where  they  terminate  in  the  collateral  ganglia.  From  the  celiac  and 
superior  mesenteric  ganglia  postganglionic  fibers  (inhibitory)  are  distributed  to  the 
stomach,  the  small  intestine  and  most  of  the  large  intestine.  Inhibitory  fibers  to 
the  descending  colon,  the  rectum  and  Internal  sphincter  ani  are  probably  post¬ 
ganglionic  fibers  from  the  inferior  mesenteric  ganglion. 

The  thoracolumbar  sympathetics  are  characterized  by  the  presence  of  numerous 
ganglia  which  may  be  divided  into  two  groups,  central  and  collateral. 

The  central  ganglia  are  arranged  in  two  vertical  rows,  one  on  either  side  of  the 
middle  line,  situated  partly  in  front  and  partly  at  the  sides  of  the  vertebral  column. 
Each  ganglion  is  joined  by  intervening  nervous  cords  to  adjacent  ganglia  so  that 
two  chains,  the  sympathetic  trunks,  are  formed.  The  collateral  ganglia  are  found 
in  connection  with  three  great  prevertebral  plexuses,  placed  within  the  thorax, 
abdomen,  and  pelvis  respectively. 

The  sympathetic  trunks  (truncus  sympathicus;  gangliaied  cord)  extend  from  the 
base  of  the  skull  to  the  coccyx.  The  cephalic  end  of  each  is  continued  upward 
through  the  carotid  canal  into  the  skull,  and  forms  a  plexus  on  the  internal  carotid 
artery;  the  caudal  ends  of  the  trunks  converge  and  end  in  a  single  ganglion,  the 
ganglion  impar,  placed  in  front  of  the  coccyx.  The  ganglia  of  each  trunk  are  dis¬ 
tinguished  as  cervical,  thoracic,  lumbar,  and  sacral  and,  except  in  the  neck,  they 
closely  correspond  in  number  to  the  vertebrae.  They  are  arranged  thus: 


Cervical  portion  ....  ...  3  ganglia 

Thoracic  “ . 12 

Lumbar  “ . 4 

Sacral  “ . 4  or  5  “ 


In  the  neck  the  ganglia  lie  in  front  of  the  transverse  processes  of  the  vertebra; 
in  the  thoracic  region  in  front  of  the  heads  of  the  ribs;  in  the  lumbar  region  on  the 
sides  of  the  vertebral  bodies;  and  in  the  sacral  region  in  front  of  the  sacrum. 

Connections  with  the  Spinal  Nerves. — Communications  are  established  between 
the  sympathetic  and  spinal  nerves  through  what  are  known  as  the  gray  and  white 
rami  communicantes  (Fig.  817);  the  gray  rami  convey  sympathetic  fibers  into  the 
spinal  nerves  and  the  white  rami  transmit  spinal  fibers  into  the  sympathetic. 
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Each  spinal  nerve  receives  a  gray  ramus  communicans  from  the  sympathetic 
trunk,  but  white  rami  are  not  supplied  by  all  the  spinal  nerves.  White  rami  are 
derived  from  the  first  thoracic  to  the  first  lumbar  nerves  inclusive,  while  the 
visceral  branches  which  run  from  the  second,  third,  and  fourth  sacral  nerves  directly 
to  the  pelvic  plexuses  of  the  sympathetic  belong  to  this  category.  The  fibers  which 
reach  the  sympathetic  through  the  white  rami  communicantes  are  medullated; 
those  which  spring  from  the  cells  of  the  sympathetic  ganglia  are  almost  entirely 
non-medullated.  The  sympathetic  nerves  consist  of  efferent  and  afferent  fibers,  the 
origin  and  course  of  which  are  described  on  page  926). 

The  three  great  g&ngli&ted  plexuses  (collateral  ganglia)  are  situated  in  front  of 
the  vertebral  column  in  the  thoracic,  abdominal,  and  pelvic  regions,  and  are  named, 
respectively,  the  cardiac,  the  solar  or  epigastric,  and  the  hypogastric  plexuses. 
They  consist  of  collections  of  nerves  and  ganglia;  the  nerves  being  derived  from 
the  sympathetic  trunks  and  from  the  cerebrospinal  nerves.  They  distribute 
branches  to  the  viscera. 

Development. — The  ganglion  cells  of  the  sympathetic  system  are  derived  from 
the  cells  of  the  neural  crests.  As  these  crests  move  forward  along  the  sides  of  the 
neural  tube  and  become  segmented  off  to  form  the  spinal  ganglia,  certain  cells 
detach  themselves  from  the  ventral  margins  of  the  crests  and  migrate  toward  the 
sides  of  the  aorta,  where  some  of  them  are  grouped  to  form  the  ganglia  of  the 
sympathetic  trunks,  while  others  undergo  a  further  migration  and  form  the  ganglia 
of  the  prevertebral  and  visceral  plexuses.  The  ciliary,  sphenopalatine,  otic,  and 
submaxillary  ganglia  which  are  found  on  the  branches  of  the  trigeminal  nerve  are 
formed  by  groups  of  cells  which  have  migrated  from  the  part  of  the  neural  crest 
which  gives  rise  to  the  semilunar  ganglion.  Some  of  the  cells  of  the  ciliary  ganglion 
are  said  to  migrate  from  the  neural  tube  along  the  oculomotor  nerve. 

THE  CEPHALIC  PORTION  OF  THE  SYMPATHETIC  SYSTEM  (PARS 
CEPHALICA  S.  SYMPATHICI). 

The  cephalic  portion  of  the  sympathetic  system  begins  as  the  internal  carotid 
nerve,  which  appears  to  be  a  direct  prolongation  of  the  superior  cervical  ganglion. 
It  is  soft  in  texture,  and  of  a  reddish  color.  It  ascends  by  the  side  of  the  internal 
carotid  artery,  and,  entering  the  carotid  canal  in  the  temporal  bone,  divides  into 
two  branches,  which  lie  one  on  the  lateral  and  the  other  on  the  medial  side  of  that 
vessel. 

The  lateral  branch,  the  larger  of  the  two,  distributes  filaments  to  the  internal 
carotid  artery,  and  forms  the  internal  carotid  plexus. 

The  medial  branch  also  distributes  filaments  to  the  internal  carotid  artery,  and, 
continuing  onward,  forms  the  cavernous  plexus. 

The  internal  carotid  plexus  (plexus  caroticus  internus;  carotid  plexus)  is  situated 
on  the  lateral  side  of  the  internal  carotid  artery,  and  in  the  plexus  there  occasionally 
exists  a  small  gangliform  swelling,  the  carotid  ganglion,  on  the  under  surface  of 
the  artery.  The  internal  carotid  plexus  communicates  with  the  semilunar  gan¬ 
glion,  the  abducent  nerve,  and  the  sphenopalatine  ganglion;  it  distributes  filaments 
to  the  wall  of  the  carotid  artery,  and  also  communicates  with  the  tympanic  branch 
of  the  glossopharyngeal  nerve. 

The  communicating  branches  with  the  abducent  nerve  consist  of  one  or  two 
filaments  which  join  that  nerve  as  it  lies  upon  the  lateral  side  of  the  internal  carotid 
artery.  The  communication  with  the  sphenopalatine  ganglion  is  effected  by  a 
branch,  the  deep  petrosal,  given  off  from  the  plexus  on  the  lateral  side  of  the  artery; 
this  branch  passes  through  the  cartilage  filling  up  the  foramen  lacerum,  and  joins 
the  greater  superficial  petrosal  to  form  the  nerve  of  the  pterygoid  canal  ( Vidian 
nerve),  which  passes  through  the  pterygoid  canal  to  the  sphenopalatine  ganglion. 
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The  communication  with  the  tympanic  branch  of  the  glossopharyngeal  nerve  is 
effected  by  the  caroticotympanic,  which  may  consist  of  two  or  three  delicate 
filaments. 

The  cavernous  plexus  {plexus  cavernosus)  is  situated  below  and  medial  to  that 
part  of  the  internal  carotid  artery  which  is  placed  by  the  side  of  the  sella  turcica 
in  the  cavernous  sinus,  and  is  formed  chiefly  by  the  medial  division  of  the  internal 
carotid  nerve.  It  communicates  with  the  oculomotor,  the  trochlear,  the  ophthalmic 
and  the  abducent  nerves,  and  with  the  ciliary  ganglion,  and  distributes  filaments  to 
the  wall  of  the  internal  carotid  artery.  The  branch  of  communication  with  the 
oculomotor  nerve  joins  that  nerve  at  its  point  of  division;  the  branch  to  the  troch¬ 
lear  nerve  joins  it  as  it  lies  on  the  lateral  wall  of  the  cavernous  sinus;  other  filaments 
are  connected  with  the  under  surface  of  the  ophthalmic  nerve;  and  a  second  fila¬ 
ment  joins  the  abducent  nerve. 

The  filaments  of  connection  with  the  ciliary  ganglion  arise  from  the  anterior  part 
of  the  cavernous  plexus  and  enter  the  orbit  through  the  superior  orbital  fissure; 
they  may  join  the  nasociliary  branch  of  the  ophthalmic  nerve,  or  be  continued  for¬ 
ward  as  a  separate  branch. 

The  terminal  filaments  from  the  internal  carotid  and  cavernous  plexuses  are 
prolonged  as  plexuses  around  the  anterior  and  middle  cerebral  arteries  and  the 
ophthalmic  artery;  along  the  former  vessels,  they  may  be  traced  to  the  pia  mater; 
along  the  latter,  into  the  orbit,  where  they  accompany  each  of  the  branches  of  the 
vessel.  The  filaments  prolonged  on  to  the  anterior  communicating  artery  connect 
the  sympathetic  nerves  of  the  right  and  left  sides. 


THE  CERVICAL  PORTION  OF  THE  SYMPATHETIC  SYSTEM  (PARS 
CERVICALIS  S.  SYMPATHICI). 

The  cervical  portion  of  the  sympathetic  trunk  consists  of  three  ganglia,  distin¬ 
guished,  according  to  their  positions,  as  the  superior,  middle,  and  inferior  ganglia 
connected  by  intervening  cords.  This  portion  receives  no  white  rami  communi- 
cantes  from  the  cervical  spinal  nerves;  its  spinal  fibers  are  derived  from  the  white 
rami  of  the  upper  thoracic  nerves,  and  enter  the  corresponding  thoracic  ganglia 
of  the  sympathetic  trunk,  through  which  they  ascend  into  the  neck. 

The  superior  cervical  ganglion  {ganglion  cervicale  superius),  the  largest  of  the 
three,  is  placed  opposite  the  second  and  third  cervical  vertebrae.  It  is  of  a  reddish- 
gray  color,  and  usually  fusiform  in  shape;  sometimes  broad  and  flattened,  and  occa¬ 
sionally  constricted  at  intervals;  it  is  believed  to  be  formed  by  the  coalescence 
of  four  ganglia,  corresponding  to  the  upper  four  cervical  nerves.  It  is  in  relation, 
in  front,  with  the  sheath  of  the  internal  carotid  artery  and  internal  jugular  vein; 
behind,  with  the  Longus  capitis  muscle. 

Its  branches  may  be  divided  into  inferior,  lateral,  medial,  and  anterior. 

The  Inferior  Branch  communicates  with  the  middle  cervical  ganglion. 

The  Lateral  Branches  {external  branches )  consist  of  gray  rami  communicantes  to 
the  upper  four  cervical  nerves  and  to  certain  of  the  cranial  nerves.  Sometimes  the 
branch  to  the  fourth  cervical  nerve  may  come  from  the  trunk  connecting  the 
upper  and  middle  cervical  ganglia.  The  branches  to  the  cranial  nerves  consist 
of  delicate  filaments,  which  run  to  the  ganglion  nodosum  of  the  vagus,  and  to  the 
hypoglossal  nerve.  A  filament,  the  jugular  nerve,  passes  upward  to  the  base  of 
the  skull,  and  divides  to  join  the  petrous  ganglion  of  the  glossopharyngeal,  and  the 
jugular  ganglion  of  the  vagus. 

The  Medial  Branches  {internal  branches)  are  peripheral,  and  are  the  lamyn>* 
pharyngeal  branches  and  the  superior  cardiac  nerve. 

The  laryngopharyngeal  branches  ( rami  laryngopharyngei)  pass  to  the  side  of  the 
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pharynx,  where  they  join  with  branches  from  the  glossopharyngeal,  vagus,  and 
external  laryngeal  nerves  to  form  the  pharyngeal  plexus. 

The  superior  cardiac  nerve  (n.  cardiacus  superior)  arises  by  two  or  more  branches 
from  the  superior  cervical  ganglion,  and  occasionally  receives  a  filament  from  the 
trunk  between  the  first  and  second  cervical  ganglia.  It  runs  down  the  neck  behind 
the  common  carotid  artery,  and  in  front  of  the  Longus  colli  muscle;  and  crosses 
in  front  of  the  inferior  thyroid 
artery,  and  recurrent  nerve. 

The  course  of  the  nerves  on  the 
two  sides  then  differ.  The  right 
nerve,  at  the  root  of  the  neck, 
passes  either  in  front  of  or  behind 
the  subclavian  artery,  and  along 
the  innominate  artery  to  the 
back  of  the  arch  of  the  aorta, 
where  it  joins  the  deep  part  of 
the  cardiac  plexus.  It  is  con¬ 
nected  with  other  branches  of 
the  sympathetic;  about  the 
middle  of  the  neck  it  receives 
filaments  from  the  external 
laryngeal  nerve;  lower  down, 
one  or  two  twigs  from  the 
vagus;  and  as  it  enters  the 
thorax  it  is  joined  by  a  fila¬ 
ment  from  the  recurrent  nerve. 

Filaments  from  the  nerve  com¬ 
municate  with  the  thyroid 
branches  from  the  middle  cer¬ 
vical  ganglion.  The  left  nerve, 
in  the  thorax,  runs  in  front  of 
the  left  common  carotid  artery 
and  across  the  left  side  of  the 
arch  of  the  aorta,  to  the  super¬ 
ficial  part  of  the  cardiac  plexus. 

The  Anterior  Branches  (nn. 
carotid  extemi)  ramify  upon 
the  common  carotid  artery  and 
upon  the  external  carotid  artery 


Fio.  862. — Diagram  of  the  cervical  sympathetic.  (Teetut.) 


and  its  branches,  forming  around  each  a  delicate  plexus,  on  the  nerves  composing 
which  small  ganglia  are  occasionally  found.  The  plexuses  accompanying  some 
of  these  arteries  have  important  communications  with  other  nerves.  That  sur¬ 
rounding  the  external  maxillary  artery  communicates  with  the  submaxillary  gan¬ 
glion  by  a  filament;  and  that  accompanying  the  middle  meningeal  artery  sends  an 
offset  to  the  otic  ganglion,  and  a  second,  the  external  petrosal  nerve,  to  the  genicular 
ganglion  of  the  facial  nerve. 

The  middle  cervical  ganglion  {ganglion  cervicale  medium)  is  the  smallest  of  the 
three  cervical  ganglia,  and  is  occasionally  wanting.  It  is  placed  opposite  the  sixth 
cervical  vertebra,  usually  in  front  of,  or  close  to,  the  inferior  thyroid  artery.  It 
is  probably  formed  by  the  coalescence  of  two  ganglia  corresponding  to  the  fifth 
and  sixth  cervical  nerves. 

It  sends  gray  rami  communicantes  to  the  fifth  and  sixth  cervical  nerves,  and 
gives  off  the  middle  cardiac  nerve. 

The  Middle  Cardiac  Nerve  (n.  cardiacus  medius;  great  cardiac  nerve) ,  the  largest 
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of  the  three  cardiac  nerves,  arises  from  the  middle  cervical  ganglion,  or  from  the 
trunk  between  the  middle  and  inferior  ganglia.  On  the  right  side  it  descends  behind 
the  common  carotid  artery,  and  at  the  root  of  the  neck  runs  either  in  front  of  or 
behind  the  subclavian  artery;  it  then  descends  on  the  trachea,  receives  a  few 
filaments  from  the  recurrent  nerve,  and  joins  the  right  half  of  the  deep  part  of  the 
cardiac  plexus.  In  the  neck,  it  communicates  with  the  superior  cardiac  and  recur¬ 
rent  nerves.  On  the  left  side,  the  middle  cardiac  nerve  enters  the  chest  between 
the  left  carotid  and  subclavian  arteries,  and  joins  the  left  half  of  the  deep  part 
of  the  cardiac  plexus. 


The  inferior  cervical  ganglion  {ganglion  cervicale  inferius)  is  situated  between 
the  base  of  the  transverse  process  of  the  last  cervical  vertebra  and  the  neck  of  the 
first  rib,  on  the  medial  side  of  the  costocervical  artery.  Its  form  is  irregular;  it  is 
larger  in  size  than  the  preceding,  and  is  frequently  fused  with  the  first  thoracic 
ganglion.  It  is  probably  formed  by  the  coalescence  of  two  ganglia  which  corre¬ 
spond  to  the  seventh  and  eighth  cervical  nerves.  It  is  connected  to  the  middle 
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cervical  ganglion  by  two  or  more  cords,  one  of  which  forms  a  loop  around  the  sub¬ 
clavian  artery  and  supplies  offsets  to  it.  This  loop  is  named  the  ansa  subclavia 
( Vieussenii ). 

The  ganglion  sends  gray  rami  communicantes  to  the  seventh  and  eighth  cervical 
nerves. 

It  gives  off  the  inferior  cardiac  nerve,  and  offsets  to  bloodvessels. 

The  inferior  cardiac  nerve  (n.  cardiacus  inferior)  arises  from  either  the  inferior 
cervical  or  the  first  thoracic  ganglion.  It  descends  behind  the  subclavian  artery 
and  along  the  front  of  the  trachea,  to  join  the  deep  part  of  the  cardiac  plexus.  It 
communicates  freely  behind  the  subclavian  artery  with  the  recurrent  nerve  and 
the  middle  cardiac  nerve. 

The  offsets  to  bloodvessels  form  plexuses  on  the  subclavian  artery  and  its  branches. 
The  plexus  on  the  vertebral  artery  is  continued  on  to  the  basilar,  posterior  cerebral, 
and  cerebellar  arteries.  The  plexus  on  the  inferior  thyroid  artery  accompanies 
the  artery  to  the  thyroid  gland,  and  communicates  with  the  recurrent  and  external 
laryngeal  nerves,  with  the  superior  cardiac  nerve,  and  with  the  plexus  on  the 
common  carotid  artery. 

THE  THORACIC  PORTION  OF  THE  SYMPATHETIC  SYSTEM  (PARS 
THORACAUS  S.  SMYPATHICI)  (Fig.  864). 

The  thoracic  portion  of  the  sympathetic  trunk  consists  of  a  series  of  ganglia, 
which  usually  correspond  in  number  to  that  of  the  vertebrae;  but,  on  account 
of  the  occasional  coalescence  of  two  ganglia,  their  number  is  uncertain.  The 
thoracic  ganglia  rest  against  the  heads  of  the  ribs,  and  are  covered  by  the  costal 
pleura;  the  last  two,  however,  are  more  anterior  than  the  rest,  and  are  placed  on 
the  sides  of  the  bodies  of  the  eleventh  and  twelfth  thoracic  vertebrae.  The  ganglia 
are  small  in  size,  and  of  a  grayish  color.  The  first,  larger  than  the  others,  is  of 
an  elongated  form,  and  frequently  blended  with  the  inferior  cervical  ganglion. 
They  are  connected  together  by  the  intervening  portions  of  the  trunk. 

Two  rami  communicantes,  a  white  and  a  gray,  connect  each  ganglion  with  its 
corresponding  spinal  nerve. 

The  branches  from  the  upper  five  ganglia  are  very  small;  they  supply  filaments 
to  the  thoracic  aorta  and  its  branches.  Twigs  from  the  second,  third,  and  fourth 
ganglia  enter  the  posterior  pulmonary  plexus. 

The  branches  from  the  lower  seven  ganglia  are  large,  and  white  in  color;  they 
distribute  filaments  to  the  aorta,  and  unite  to  form  the  greater,  the  lesser,  and  the 
lowest  splanchnic  nerves. 

The  greater  splanchnic  nerve  (n.  splanchnicus  major;  great  splanchnic  nerve )  is 
white  in  color,  firm  in  texture,  and  of  a  considerable  size;  it  is  formed  by  branches 
from  the  fifth  to  the  ninth  or  tenth  thoracic  ganglia,  but  the  fibers  in  the  higher 
roots  may  be  traced  upward  in  the  sympathetic  trunk  as  far  as  the  first  or  second 
thoracic  ganglion.  It  descends  obliquely  on  the  bodies  of  the  vertebrae,  perforates 
the  crus  of  the  diaphragm,  and  ends  in  the  celiac  ganglion.  A  ganglion  (ganglion 
splanchnicum)  exists  on  this  nerve  opposite  the  eleventh  or  twelfth  thoracic  vertebra. 

The  lesser  splanchnic  nerve  (n.  splanchnicus  minor)  is  formed  by  filaments  from 
the  ninth  and  tenth,  and  sometimes  the  eleventh  thoracic  ganglia,  and  from  the 
cord  between  them.  It  pierces  the  diaphragm  with  the  preceding  nerve,  and 
joins  the  aorticorenal  ganglion. 

The  lowest  splanchnic  nerve  (n.  splanchnicus  imus;  least  splanchnic  nerve)  arises 
from  the  last  thoracic  ganglion,  and,  piercing  the  diaphragm,  ends  in  the  renal 
plexus. 

A  striking  analogy  exists  between  the  splanchnic  and  the  cardiac  nerves.  The 
cardiac  nerves  are  three  in  number;  they  arise  from  all  three  cervical  ganglia 
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and  are  distributed  to  a  large  and  important  organ  in  the  thoracic  cavity.  The 
splanchnic  nerves,  also  three  in  number,  are  connected  probably  with  all  the  thoracic 
ganglia,  and  are  distributed  to  important  organs  in  the  abdominal  cavity. 
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Fto.  St>4. — Thorueio  portion  of  the  sympathetic  trunk. 


THE  ABDOMINAL  PORTION  OF  THE  SYMPATHETIC  SYSTEM  (PARS 
ABDOMINALIS  S 


SYMPATHICI;  LUMBAR  PORTION  OF 
GANGUATED  CORD)  (Fig.  805). 

The  abdominal  portion  of  the  sympathetic  trunk  is  situated  in  front  of  the  ver¬ 
tebral  column,  along  the  medial  margin  of  the  Psoas  major.  It  consists  usually  of 
four  lumbar  ganglia,  connected  together  by  interganglionie  cords.  It  is  continuous 
above  with  the  thoracic  portion  beneath  the  medial  lumbocostal  arch,  and 
below  with  the  pelvic  portion  behind  the  common  iliac  artery.  The  ganglia  are 
of  small  size,  and  placed  much  nearer  the  median  line  than  are  the  thoracic  ganglia. 
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Gray  rami  communicantes  pass  from  all  the  ganglia  to  the  lumbar  spinal  nerves. 
The  first  and  second,  and  sometimes  the  third,  lumbar  nerves  send  white  rami 
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communicantes  to  the  corresponding  ganglia.  The  rami  communicantes  are  of 
considerable  length,  and  accompany  the  lumbar  arteries  around  the  sides  of  the 
bodies  of  the  vertebrae,  passing  beneath  the  fibrous  arches  from  which  some  of  the 
fibers  of  the  Psoas  major  arise. 

Of  the  branches  of  distribution,  some  pass  in  front  of  the  aorta,  and  join  the  aortic 
plexus;  others  descend  in  front  of  the  common  iliac  arteries,  and  assist  in  forming 
the  hypogastric  plexus. 

THE  PELVIC  PORTION  OF  THE  SYMPATHETIC  SYSTEM  (PARS 
PELVINA  S.  SYMPATHICI). 

The  pelvic  portion  of  each  sympathetic  trunk  is  situated  in  front  of  the  sacrum, 
medial  to  the  anterior  sacral  foramina.  It  consists  of  four  or  five  small  sacral 
ganglia,  connected  together  by  interganglionic  cords,  and  continuous  above  with 
the  abdominal  portion.  Below,  the  two  pelvic  sympathetic  trunks  converge,  and 
end  on  the  front  of  the  coccyx  in  a  small  ganglion,  the  ganglion  imp&r. 

Gray  rami  communicantes  pass  from  the  ganglia  to  the  sacral  and  coccygeal 
nerves.  No  white  rami  communicantes  are  given  to  this  part  of  the  gangliated 
cord,  but  the  visceral  branches  which  arise  from  the  third  and  fourth,  and  sometimes 
from  the  second,  sacral,  and  run  directly  to  the  pelvic  plexuses,  are  regarded  as 
white  rami  communicantes. 

The  branches  of  distribution  communicate  on  the  front  of  the  sacrum  with  the 
corresponding  branches  from  the  opposite  side;  some,  from  the  first  two  ganglia, 
pass  to  join  the  pelvic  plexus,  and  others  form  a  plexus,  which  accompanies  the 
middle  sacral  artery  and  sends  filaments  to  the  glomus  coccygeum  {coccygeal  body) 

THE  GREAT  PLEXUSES  OF  THE  SYMPATHETIC  SYSTEM. 

The  great  plexuses  of  the  sympathetic  are  aggregations  of  nerves  and  ganglia, 
situated  in  the  thoracic,  abdominal,  and  pelvic  cavities,  and  named  the  cardiac, 
celiac,  and  hypogastric  plexuses.  They  consist  not  only  of  sympathetic  fibers 
derived  from  the  ganglia,  but  of  fibers  from  the  medulla  spinalis,  which  are  con¬ 
veyed  through  the  white  rami  communicantes.  From  the  plexuses  branches  are 
given  to  the  thoracic,  abdominal,  and  pelvic  viscera. 

The  Cardiac  Plexus  (Plexus  Cardiacus)  (Fig.  856). 

The  cardiac  plexus  is  situated  at  the  base  of  the  heart,  and  is  divided  into  a  super¬ 
ficial  part,  which  lies  in  the  concavity  of  the  aortic  arch,  and  a  deep  part,  between 
the  aortic  arch  and  the  trachea.  The  two  parts  are,  however,  closely  connected. 

The  superficial  part  of  the  cardiac  plexus  lies  beneath  the  arch  of  the  aorta, 
in  front  of  the  right  pulmonary  artery.  It  is  formed  by  the  superior  cardiac  branch 
of  the  left  sympathetic  and  the  lower  superior  cervical  cardiac  branch  of  the  left 
vagus.  A  small  ganglion,  the  cardiac  ganglion  of  Wrisberg,  is  occasionally  found 
connected  with  these  nerves  at  their  point  of  junction.  This  ganglion,  when 
present,  is  situated  immediately  beneath  the  arch  of  the  aorta,  on  the  right  side 
of  the  ligamentum  arteriosum.  The  superficial  part  of  the  cardiac  plexus  gives 
branches  (a)  to  the  deep  part  of  the  plexus;  (6)  to  the  anterior  coronary  plexus; 
and  (c)  to  the  left  anterior  pulmonary  plexus. 

The  deep  part  of  the  cardiac  plexus  is  situated  in  front  of  the  bifurcation  of 
the  trachea,  above  the  point  of  division  of  the  pulmonary  artery,  and  behind  the 
aortic  arch.  It  is  formed  by  the  cardiac  nerves  derived  from  the  cervical  ganglia 
of  the  sympathetic,  and  the  cardiac  branches  of  the  vagus  and  recurrent  nerves. 
The  only  cardiac  nerves  which  do  not  enter  into  the  formation  of  the  deep  part 
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of  the  cardiac  plexus  are  the  superior  cardiac  nerve  of  the  left  sympathetic,  and  the 
lower  of  the  two  superior  cervical  cardiac  branches  from  the  left  vagus,  which  pass 
to  the  superficial  part  of  the  plexus. 

The  branches  from  the  right  half  of  the  deep  part  of  the  cardiac  plexus  pass, 
some  in  front  of,  and  others  behind,  the  right  pulmonary  artery;  the  former,  the 
more  numerous,  transmit  a  few  filaments  to  the  anterior  pulmonary  plexus,  and 
are  then  continued  onward  to  form  part  of  the  anterior  coronary  plexus;  those 
behind  the  pulmonary  artery  distribute  a  few  filaments  to  the  right  atrium,  and  are 
then  continued  onward  to  form  part  of  the  posterior  coronary  plexus. 

The  left  half  of  the  deep  part  of  the  plexus  is  connected  with  the  superficial  part 
of  the  cardiac  plexus,  and  gives  filaments  to  the  left  atrium,  and  to  the  anterior 
pulmonary  plexus,  and  is  then  continued  to  form  the  greater  part  of  the  posterior 
coronary  plexus. 

The  Posterior  Coronary  Plexus  (plexus  coronarius  posterior;  left  coronary  plexus) 
is  larger  than  the  anterior,  and  accompanies  the  left  coronary  artery;  it  is  chiefly 
formed  by  filaments  prolonged  from  the  left  half  of  the  deep  part  of  the  cardiac 
plexus,  and  by  a  few  from  the  right  half.  It  gives  branches  to  the  left  atrium  and 
ventricle. 

The  Anterior  Coronary  Plexus  (plexus  coronarius  anterior;  right  coronary  plexus) 
is  formed  partly  from  the  superficial  and  partly  from  the  deep  parts  of  the  cardiac 
plexus.  It  .accompanies  the  right  coronary  artery,  and  gives  branches  to  the  right 
atrium  and  ventricle. 

The  Celiac  Plexus  (Plexus  CoBliacus;  Solar  Plexus)  (Figs.  856,  866). 

The  celiac  plexus,  the  largest  of  the  three  sympathetic  plexuses,  is  situated  at 
the  level  of  the  upper  part  of  the  first  lumbar  vertebra  and  is  composed  of  two 
large  ganglia,  the  celiac  ganglia,  and  a  dense  net-work  of  nerve  fibers  uniting  them 
together.  It  surrounds  the  celiac  artery  and  the  root  of  the  superior  mesenteric 
artery.  It  lies  behind  the  stomach  and  the  omental  bursa,  in  front  of  the  crura 
of  the  diaphragm  and  the  commencement  of  the  abdominal  aorta,  and  between 
the  suprarenal  glands.  The  plexus  and  the  ganglia  receive  the  greater  and  lesser 
splanchnic  nerves  of  both  sides  and  some  filaments  from  the  right  vagus,  and  give 
off  numerous  secondary  plexuses  along  the  neighboring  arteries. 

The  Celiac  Ganglia  ( ganglia  ceeliaca;  semilunar  ganglia)  are  two  large  irregularly- 
shaped  masses  having  the  appearance  of  lymph  glands  and  placed  one  on  either 
side  of  the  middle  line  in  front  of  the  crura  of  the  diaphragm  close  to  the  supra¬ 
renal  glands,  that  on  the  right  side  being  placed  behind  the  inferior  vena  cava.  The 
upper  part  of  each  ganglion  is  joined  by  the  greater  splanchnic  nerve,  while  the 
lower  part,  which  is  segmented  off  and  named  the  aorticorenal  ganglion,  receives 
the  lesser  splanchnic  nerve  and  gives  off  the  greater  part  of  the  renal  plexus. 

The  secondary  plexuses  springing  from  or  connected  with  the  celiac  plexus  are 
the 

Phrenic.  Renal. 

Hepatic.  Spermatic. 

Lienal.  Superior  mesenteric. 

Superior  gastric.  Abdominal  aortic. 

Suprarenal.  Inferior  mesenteric. 

The  phrenic  plexus  (plexus  phrenicus)  accompanies  the  inferior  phrenic  artery 
to  the  diaphragm,  some  filaments  passing  to  the  suprarenal  gland.  It  arises 
from  the  upper  part  of  the  celiac  ganglion,  and  is  larger  on  the  right  than  on  the 
left  side.  It  receives  one  or  two  branches  from  the  phrenic  nerve.  At  the  point 
of  junction  of  the  right  phrenic  plexus  with  the  phrenic  nerve  is  a  small  ganglion 
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(ganglion  phrenicum).  This  plexus  distributes  branches  to  the  inferior  vena  cava, 
and  to  the  suprarenal  and  hepatic  plexuses. 

The  hepatic  plexus  ( plexus  hepatic  us),  the  largest  offset  from  the  celiac  plexus 
receives  filaments  from  the  left  vagus  and  right  phrenic  nerves.  It  accompanies 
the  hepatic  artery,  ramifying  upon  its  branches,  and  upon  those  of  the  portal  vein 
in  the  substance  of  the  liver.  Branches  from  this  plexus  accompany  all  the  divisions 
of  the  hepatic  artery.  A  considerable  plexus  accompanies  the  gastroduodenal 
artery  and  is  continued  as  the  inferior  gastric  plexus  on  the  right  gastroepiploic 
artery  along  the  greater  curvature  of  the  stomach,  where  it  unites  with  offshoots 
from  the  lienal  plexus. 
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The  lienal  plexus  {plexus  I i emil is;  splenic  plexus)  is  formed  by  branches  from  the 
celiac  plexus,  the  left  celiac  ganglion,  and  from  the  right  vagus  nerve.  It  accom¬ 
panies  the  lienal  artery  to  the  spleen,  giving  off,  in  its  course,  subsidiary  plexuses 
along  the  various  branches  of  the  artery, 
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The  superior  gastric  plexus  (; plexus  gastricus  superior;  gastric  or  coronary  plexus) 
accompanies  the  left  gastric  artery  along  the  lesser  curvature  of  the  stomach,  and 
joins  with  branches  from  the  left  vagus. 

The  suprarenal  plexus  (plexus  suprarenalis)  is  formed  by  branches  from  the 
celiac  plexus,  from  the  celiac  ganglion,  and  from  the  phrenic  and  greater  splanchnic 
nerves,  a  ganglion  being  formed  at  the  point  of  junction  with  the  latter  nerve. 
The  plexus  supplies  the  suprarenal  gland,  being  distributed  chiefly  to  its  medullary 
portion;  its  branches  are  remarkable  for  their  large  size  in  comparison  with  that 
of  the  organ  they  supply. 

The  renal  plexus  (plexus  renalis)  is  formed  by  filaments  from  the  celiac  plexus, 
the  aorticorenal  ganglion,  and  the  aortic  plexus.  It  is  joined  also  by  the  smallest 
splanchnic  nerve.  The  nerves  from  these  sources,  fifteen  or  twenty  in  number, 
have  a  few  ganglia  developed  upon  them.  They  accompany  the  branches  of  the 
renal  artery  into  the  kidney;  some  filaments  are  distributed  to  the  spermatic 
plexus  and,  on  the  right  side,  to  the  inferior  vena  cava. 

The  spermatic  plexus  (plexus  spermaticus)  is  derived  from  the  renal  plexus, 
receiving  branches  from  the  aortic  plexus.  It  accompanies  the  internal  spermatic 
artery  to  the  testis.  In  the  female,  the  ovarian  plexus  (plexus  arteries  ovaricce) 
arises  from  the  renal  plexus,  and  is  distributed  to  the  ovary,  and  fundus  of  the 
uterus. 

The  superior  mesenteric  plexus  (plexus  mesentericus  superior)  is  a  continuation 
of  the  lower  part  of  the  celiac  plexus,  receiving  a  branch  from  the  junction  of  the 
right  vagus  nerve  with  the  plexus.  It  surrounds  the  superior  mesenteric  artery, 
accompanies  it  into  the  mesentery,  and  divides  into  a  number  of  secondary  plexuses, 
which  are  distributed  to  all  the  parts  supplied  by  the  artery,  viz.,  pancreatic  branches 
to  the  pancreas;  intestinal  branches  to  the  small  intestine;  and  ileocolic,  right 
colic,  and  middle  colic  branches,  which  supply  the  corresponding  parts  of  the  great 
intestine.  The  nerves  composing  this  plexus  are  white  in  color  and  firm  in  texture; 
in  the  upper  part  of  the  plexus  close  to  the  origin  of  the  superior  mesenteric  artery 
is  a  ganglion  (ganglion  mesentericum  superius). 

The  abdominal  aortic  plexus  (plexus  aorticus  abdominalis;  aortic  plexus)  is  formed 
by  branches  derived,  on  either  side,  from  the  celiac  plexus  and  ganglia,  and  receives 
filaments  from  some  of  the  lumbar  ganglia.  It  is  situated  upon  the  sides  and  front  of 
the  aorta,  between  the  origins  of  the  superior  and  inferior  mesenteric  arteries.  From 
this  plexus  arise  part  of  the  spermatic,  the  inferior  mesenteric,  and  the  hypogastric 
plexuses;  it  also  distributes  filaments  to  the  inferior  vena  cava. 

The  inferior  mesenteric  plexus  (plexus  mesentericus  inferior)  is  derived  chiefly 
from  the  aortic  plexus.  It  surrounds  the  inferior  mesenteric  artery,  and  divides 
into  a  number  of  secondary  plexuses,  which  are  distributed  to  all  the  parts  supplied 
by  the  artery,  viz.,  the  left  colic  and  sigmoid  plexuses,  which  supply  the  descending 
and  sigmoid  parts  of  the  colon;  and  the  superior  hemorrhoidal  plexus,  which  supplies 
the  rectum  and  joins  in  the  pelvis  with  branches  from  the  pelvic  plexuses. 

The  Hypogastric  Plexus  (Plexus  Hypogastricus)  (Fig.  856). 

The  hypogastric  plexus  is  situated  in  front  of  the  last  lumbar  vertebra  and  the 
promontory  of  the  sacrum,  between  the  two  common  iliac  arteries,  and  is  formed 
by  the  union  of  numerous  filaments,  which  descend  on  either  side  from  the  aortic 
plexus,  and  from  the  lumbar  ganglia;  it  divides,  below,  into  two  lateral  portions 
which  are  named  the  pelvic  plexuses. 

The  Pelvic  Plexuses  (Fig.  856). — The  pelvic  plexuses  supply  the  viscera  of  the 
pelvic  cavity,  and  are  situated  at  the  sides  of  the  rectum  in  the  male,  and  at  the 
sides  of  the  rectum  and  vagina  in  the  female.  They  are  formed  on  either  side  by 
a  continuation  of  the  hypogastric  plexus,  by  the  sacral  sympathetic  efferent  fibers 
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from  the  second,  third ,  ami  fourth  aaeral  nerves,  and  by  a  few  filaments  from  the 
first  two  sacral  ganglia.  At  the  points  of  junction  of  these  nerves  small  ganglia  are 
found.  From  these  plexuses  numerous  branches  are  distributed  to  the  viscera  of 
the  pelvis.  They  accompany  the  branches  of  the  hypogastric  artery. 

The  Middle  Hemorrhoidal  Plexus  (plexus  hwmorrhoidalis  medius)  arises  from  the 
upper  part  of  the  pelvic  plexus.  It  supplies  the  rectum,  and  joins  with  branches 
of  the  superior  hemorrhoidal  plexus. 
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Fig.  8G7.— -Lower  half  of  right  sympathetic  cord.  (Tcitut  after  Hirochfeld.) 


The  Vesical  Plexus  ( plexus  vesicalis)  arises  from  the  forepart  of  the  pelvic  plexus. 
The  nerves  composing  it  are  numerous,  and  contain  a  large  proportion  of  spinal 
nerve  fibers.  They  accompany  the  vesical  arteries,  and  are  distributed  to  the  sides 
and  fundus  of  the  bladder.  Numerous  filaments  also  pass  to  the  vesicula?  seminaies 
and  ductus  deferentes;  those  accompanying  the  ductus  deferens  join,  on  the  sper¬ 
matic  cord,  with  branches  from  the  spermatic  plexus. 

The  Prostatic  Plexus  (plexus  proslaticus)  is  continued  from  the  lower  part  of  the 
pelvic  plexus.  The  nerves  composing  it  are  of  large  size.  They  are  distributed 
to  the  prostate  vesicuhe  semiruiles  and  the  corpora  cavernosa  of  the  penis  and 
urethra.  The  nerves  supplying  the  corpora  cavernosa  consist  of  two  sets,  the 
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lesser  and  greater  cavernous  nerves,  which  arise  from  the  forepart  of  the  prostatic 
plexus,  and,  after  joining  with  branches  from  the  pudendal  nerve,  pass  forward 
beneath  the  pubic  arch. 

The  lesser  cavernous  nerves  (nn.  cavemosi  penis  minor es;  small  cavernous  nerves) 
perforate  the  fibrous  covering  of  the  penis,  near  its  root. 

The  greater  cavernous  nerve  (n.  cavernosus  penis  major;  large  cavernous  plexus) 
passes  forward  along  the  dorsum  of  the  penis,  joins  with  the  dorsal  nerve  of  the 
penis,  and  is  distributed  to  the  corpora  cavernosa. 

The  Vaginal  Plexus  arises  from  the  lower  part  of  the  pelvic  plexus.  It  is  distributed 
to  the  walls  of  the  vagina,  to  the  erectile  tissue  of  the  vestibule,  and  to  the  clitoris. 
The  nerves  composing  this  plexus  contain,  like  the  vesical,  a  large  proportion  of 
spinal  nerve  fibers. 

The  Uterine  Plexus  accompanies  the  uterine  artery  to  the  side  of  the  uterus, 
between  the  layers  of  the  broad  ligament;  it  communicates  with  the  ovarian  plexus. 
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THE  ORGANS  OF  THE  SENSES  AND 
THE  COMMON  INTEGUMENT. 


fTMlE  organs  c*t  tbs  senses  may  be  divided  into  (a)  those  tif  the  special  sei 
A  taste,  smell,  sight,  and  hearing,  and  (bi  those  associated  with  the  general 
tkms  of  heat,  cold,  pain,. pressed*,  etc. 


THE  PERIPHERAL  ORGANS  OF  THE  SPECIAL  SENSES 


THE  ORGAN  OF  TASTE  (ORGANON  GUSTOS). 

The  peripheral  gustatory  or  taste  organs  consist  of  certain  modified  epithelial 
cells  arranged  in  flay.kf'shaj^d  groitps  tettned  guatAtory  cslyciili  {itwte-buds) ,  which 
are  found  on  pjHis.y  They ;  occupy  nests  in  the  stratified 

epithelium,  and  are  present  in  large  'numbers.  on  the  .sides  of  the  pupillte  vatlatai 
(Fig.  8G-S),  and  to  a  lesa>  extent  'aii  their  opposed  walls.  They  are  also  found  on  the 
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fungiform*  papilla*  &ver  the  brick  part  and  of  the  tongue,  and  in  the,  gejjgrat 
epithelial  covering  of  the .'Mime  area*.  They  are.  very  plentiful  over  the  fimbria4 
fingme,  and  are  ako  present;  on  the  under  surface  of  the  soft  palate,  and  on  the 
posterior  surface  of  the  epigloiu-. 

Structure.— Eiich  taste  hud  is  tTiifek4ifceih  shape  (‘Fig. ite  broad  fuise  resting  on  the  coriuxn, 
and  its  nest;  opening  by-  an  orifice,  the ' pore.,  Ixiwte'n  the  cells  of  the  epithelium.  The 
bud  is  fdrmed  by  two  kinds  of  eetlftv  supporting  eel  la  and  gustatory  unite.  The  auigporiiij#  cfclk 
am-  inrMtly  arranged  like  the  tefevwf ^  VMi«kv  ami  iotiit  4h  outer  .pnvtlc^petpv  the  hud  jSutne, 
however,  are  found’  in  the  irde-rior  *>i  the  !md  Ukweeri  ihe  gustatory-  <:o\h.  The  gustatory  c*tb 
occupy  the  cent  ral  portion  of  ihe  hud  ;  they  Hro  apiiidk^diatK.'ii/iiDd  each  Urgiy^pbeiii^al 
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nucleus  mw  the  middle  of  the  cell.  The  peripheral  end  tif  the  cell  Tcrrtrixistss  it  the  guitar? 
pore  ih  aftim*  haiHike  filament,  the  .  The  central- process .passes  touro)  >tin 

extremity  of  Urn  bud,  and  there  m&$  kx  single  or  bifurcated  variwfcillt^.'.  The  iwrn'  tibnis  af*tcf 
losing  their  medullary, sheaths  enter  the  ta^te  bud,  and  end  In  him  cxiremuk^  fbegui-' v 

tory ■  ^  a  tJ^>up^onh^  ceHs  Wrh**mat^yit3i. 
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Nerves  of  Taata^—The  chorda  tympani  ner\-e,  derived  from  the  sensory  root  of  tht*  fad%l.  v 
the  nerve  erf*  taste  for  the  anterior  fWo-thtids  of  the  tdrigno;  thh  nerve  for  the  posterior  d:»M- 
is  the  glo^opharyngeftl. 


THE  ORGAN  OF  SMELL  (ORGANON  OI*FACTOEIUS ;  THE  NOSE l 

The  jperipheral  olfactory  organ  or  organ  of  sm&8  !of  two  parts:  an  outer, 

the  externa!  nose,  which  projects  from  the  center  of  the  face;  and  an  internal,  the 
nasal  cavity*  which  fa  divided  by  a  septum  into  right  and  left  nasal  chamber*. 

■  ’  '  ...  '  ■  .  .,  ••  •'';  ■:  •  fi 

Tha  External  Nose  (Nasas  Extenuis;  Outer  Nose).  .  t  :  v 

..  '  ,y\<\  t*  ... ,  .  '  .  «  ’  vx  \  ' 

The  external  nose  vs  pyramidal  in  form,  and  its  upper  angle  or  root  is  re»hrien*l 
directly  with  the  forehead;  its  free  angle  is  termed  the  apex.  Its  base  is  j<erf')rstfd. 
by  two  elliptical  orifices,  the  a&rws,  separated  from  each  other  by  an  autero-poiicfinr 
septum,  the  columna.  The  tnairgms  of  the  nates  are  provided  with  a  number  of 
stiff  hairs,  or  vibrissa,  'which  tttrest  Use  passage  of  foreign  substances ramtd  >*«)< 
the  current  of  air  intended  for  respiration,  The  lateral  surfaces  of  the  nose-  forift,' 
by  their  union  in  the  middle  line,  the  dfflSJiiix aasi,  the  direction  of  vdtidi  o  r-v 
considerably  in  different  todivultiA)*;  the  upper  part  of  the  dorsum  is  supported 
by  the  nasal  hones,  and  w  darned  the  bridge.  The  lateral  surface  ends  below  id 
a -  rounded  eminence,  the  ala  a*$i. 

Structure, — The  frsBir-^work  s»f  the  external  nose  m  compost'd .  of  bones  and  cartilage* >  & 

cov^d  by the and  litied  by  raucous  membrane. 

The  bony  frame-work  bceupu*  the  upper  part  of  the  organ  ;  it  consists  the  tia**l  I*>h«s 
\th'e  fKipf-iti  prQ&asfcat  of  .the  imuulliit 

The  cartilaginous  Iraifte -work  ( rartibigi nc#  rt asi )  consist#  of  five  Jar#  3>ji*c&*f-  Vi*M'  the 
of  the  sepUim,  the  two  lateral  and  the  two  greater  ^ar  cAntifl^«a.>nd  aw^Y  00. 
the lesser ajar  Oattil&gos  (Figs.  870t  87 1,  872;.  The Ysrfph*. «krfcila#i® each  other 
arid  to  the  bcuiesby  dLtougibfibmag  membrane. 

The  cartilage  of  the  soptimr  tj&irtilaqo  wipli  nasi)  is*bm€wb&t  quadtilateiml  m  tmnx  thicker  at 
its  margins-  than  at  its  ixitkier,  and  --completes  the  separation  ‘between  the  nasal  farjties  >n 
Its  anterior  rbargiiv  thickest  above,  is  connected  with  the  nasal  bones,  and  is  edntintioui 
the  anterior  margins  of  the  btenU  cartilagete:  below,  it  is  tmmeeXed  to  the  medial  crura  dtbf. 
greater  alar  cftCtiTag'cd  by  fibrous  tissue.  Its  posterior  margin  is  eoiuieeted  -tntlt  the  perppirf &&*.. 
plat^oi  the  etbnioid  ;  it^  inffirior  loargiu  with  the  vomer  and  tii«  palatine  o£  \m 
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It  oiay  bf;  prolonged  backward  (especially  in  children)  m.%  u&m*w  process,  the  sphenoidal  prjft- 
£6se,  for -semv  distance  between  the  vomer  and  perpend iruter  place  of  ?  ftf?  vthniokK  lln-  septal 
cwtik&g .does  nof  reach  'ag  far  as  the  lowest  part  of  thv  nasal  *This  is  formal  hy  the: 

medial  crura  of  Uio  greater  akr  oitnikges  and  by  the 
;/  skin  ;  n  is  freely  rf»ovaM«,  and  hence  is  termed  the 

y  septum  mobile  fiasi. 

|  The  lateral  cartilage  (cnmhn/n  nasi  lateralis;  upper 

lateral  oirtilngtl  is  ^toeted  befow  the  inferior  margin 
°f  the  nasal  bone.  And  isikt.fceried,  and  triangular  in 
v$  \  A  fihajrwft,  Its  interior  margin  k  tJiiiek^jr  than  the _-pos- 

j  a  j\  abnv?  with  tbfc  cartilage  of 

/j®  ~  V  V  A  "3  the  septum,  but  from  it  below  by  a 
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narrow  fissure;  its  superior  margin  is  attached  >o  tin*  ro^nl  bone  and  t.be  frontal  process  of  the 
maxilla;  its  inferior  margin  is  connected  by  ti  beaus  tissue,  with  the  greater  alar  cart  Hag*. 
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'The  greater'  *Ur  e*.rti&*a  vterr^  rrinjt&.lmt'rt  fattral  tenmUige)  is  a  thin,  flexible  plate,, 

situated  jmihtdkf e-ly  heloiv;  the  poypdiitg,  tuui  b.eni upon  itself  lit  such  a  manner  a«  »o  form 
the  medial  and  klOrai  walk  df  tfto  hurk  of  il^  Own  side.  The  portion  which  forms  the  medial 
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wall  (cm  mediale)  is  loosely  connected  with  the  corresponding  portion  of  the  opposite  cartilage, 
the  two  forming,  together  with  the  thickened  integument  and  subjacent  tissue,  the  septum 
mobile  nasi.  The  part  which  forms  the  lateral  wall  (crus  laterale )  is  curved  to  correspond  with 
the  ala  of  the  nose;  it  is  oval  and  flattened,  narrow  behind,  where  it  is  connected  with  the  frontal 
process  of  the  maxilla  by  a  tough  fibrous  membrane,  in  which  are  found  three  or  four  small  car¬ 
tilaginous  plates,  the  lesser  alar  cartilages  (cartilagines  alares  minor es;  sesamoid  cartilaga). 
Above,  it  is  connected  by  fibrous  tissue  to  the  lateral  cartilage  and  front  part  of  the  cartilage  of 
the  septum;  below,  it  falls  short  of  the  margin  of  the  naris,  the  ala  being  completed  by  fatty 
and  fibrous  tissue  covered  by  skin.  In  front,  the  greater  alar  cartilages  are  separated  by  a 
notch  which  corresponds  with  the  apex  of  the  nose. 

The  muscles  acting  on  the  external  nose  have  been  described  in  the  section  on  Myology. 

The  integument  of  the  dorsum  and  sides  of  the  nose  is  thin,  and  loosely  connected  with  the 
subjacent  parts;  but  over  the  tip  and  ake  it  is  thicker  and  more  firmly  adherent,  and  is  furnished 
with  a  large  number  of  sebaceous  follicles,  the  orifices  of  which  are  usually  very  distinct. 

The  arteries  of  the  external  nose  are  the  alar  and  septal  branches  of  the  external  maxillary, 
which  supply  the  ake  and  septum;  the  dorsum  and  sides  being  supplied  from  the  dorsal  nasal 
branch  of  the  ophthalmic  and  the  infraorbital  branch  of  the  internal  maxillary.  The  veins  cod  in 
the  anterior  facial  and  ophthalmic  veins. 

The  nerves  for  the  muscles  of  the  nose  are  derived  from  the  facial,  while  the  skin  receives 
branches  from  the  infratrochlear  and  nasociliary  branches  of  the  ophthalmic,  and  from  the  infra¬ 
orbital  of  the  maxillary. 


The  Nasal  Cavity  (Cavum  Nasi;  Nasal  Fossa). 

The  nasal  chambers  are  situated  one  on  either  side  of  the  median  plane.  They 
open  in  front  through  the  nares,  and  communicate  behind  through  the  choan« 
with  the  nasal  part  of  the  pharynx.  The  nares  are  somewhat  pear-shaped  apertures, 
each  measuring  about  2.5  cm.  antero-posteriorly  and  1.25  cm.  transversely  at  its 
widest  part.  The  choan®  are  two  oval  openings  each  measuring  2.5  cm.  in  the 
vertical,  and  1.25  cm.  in  the  transverse  direction  in  a  well-developed  adult  skull. 

For  the  description  of  the  bony  boundaries  of  the  nasal  cavities,  see  pages  194 
and  195. 

Inside  the  aperture  of  the  nostril  is  a  slight  dilatation,  the  vestibule,  bounded 
laterally  by  the  ala  and  lateral  crus  of  the  greater  alar  cartilage,  and  medially  by 
the  medial  crus  of  the  same  cartilage.  It  is  lined  by  skin  containing  hairs  and 
sebaceous  glands,  and  extends  as  a  small  recess  toward  the  apex  of  the  nose.  Each 
nasal  cavity,  above  and  behind  the  vestibule,  is  divided  into  two  parts:  an  olfactory 
region,  consisting  of  the  superior  nasal  concha  and  the  opposed  part  of  the  septum, 
and  a  respiratory  region,  which  comprises  the  rest  of  the  cavity. 

Lateral  Wall  (Figs.  873,  874). — On  the  lateral  wall  are  the  superior,  middle,  and 
inferior  nasal  conch®,  and  below  and  lateral  to  each  concha  is  the  correspond¬ 
ing  nasal  passage  or  meatus.  Above  the  superior  concha  is  a  narrow  recess, 
the  sphenoethmoidal  recess,  into  which  the  sphenoidal  sinus  opens.  The  superior 
meatus  is  a  short  oblique  passage  extending  about  half-way  along  the  upper  border 
of  the  middle  concha;  the  posterior  ethmoidal  cells  open  into  the  front  part  of  this 
meatus.  The  middle  meatus  is  below  and  lateral  to  the  middle  concha,  and  is 
continued  anteriorly  into  a  shallow  depression,  situated  above  the  vestibule  and 
named  the  atrium  of  the  middle  meatus.  On  raising  or  removing  the  middle  concha 
the  lateral  wall  of  this  meatus  is  fully  displayed.  On  it  is  a  rounded  elevation, 
the  bulla  ethmoidalis,  and  below’  and  in  front  of  this  is  a  curved  cleft,  the  hiatus 
semilunaris. 

The  bulla  ethmoidalis  is  caused  by  the  bulging  of  the  middle  ethmoidal  cells 
which  open  on  or  immediately  above  it,  and  the  size  of  the  bulla  varies  with  that 
of  its  contained  cells. 

The  hiatus  semilunaris  is  bounded  inferiority  by  the  sharp  concave  margin  of  the 
uncinate  process  of  the  ethmoid  bone,  and  leads  into  a  curved  channel,  the  infundib¬ 
ulum,  bounded  above  by  the  bulla  ethmoidalis  and  below’  by  the  lateral  surface 
of  the  uncinate  process  of  the  ethmoid.  The  anterior  ethmoidal  cells  open  into  the 
front  part  of  the  infundibulum,  and  this  in  slightly  over  50  per  cent,  of  subjects 
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is  di^ficrly  '.'Otitinuou.-;  with  the  .frontonasal  finer  or  passage  leading  from  the  frontal 
ait  si«us;  l>yt  w  hen  the  anterior  end  of  the  uneinate  process  fuses  with  the  front 
part  of  the  bulla,  this  continuity  is  interrupted  ami  the  frontonasal  duct  then 
directly  Into  the  anterior  end  of  the  middle  meatus. 

' Bekny  the  bui  la  eth mold  td is,  and  partly  hidden  by  ike  inferior  end  of  tin*  unriimr 
process,  Ls  the  ostium  mtodliare,  fee®1  the  maxillary  ^Mifn  ^frantd 

section  this  opening  is  seen  to  he  placed  near  the  roof  of  the  sinus.  An  »t:<*?>«r, 
opening  from,  the  sinus,  is  frequently  present  below  the  posterior  end  <4  the  middle 
nasal  concha.  The  inferior  meatus  is  below  ansi  lateral  tp  the  inferior  nasal  wucb; 
the, nasolacrimal  duet  opens  into  this  ratal* its  under  cover  of  the  unteriw  part  of 
the  inferior  concha. 
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Fiu.  $V> through  the ..Mi&fiwr  part  <>f.»|io head  ...  ~ . .  _ _  _ 

t>ro<,Tfts>  VidwihI  from  beihH, 

Medial  Wail  (Fig.  872).— The  medial  wall  or  septum  is  frequently  inure  or. 
less  deflected  from  the  median  plain?,  thus  lessening  the  size  of  tine  ns-sl  <v*' tt-' 
ami  increasing  that  of  the  other;  ridge*  or  spurt;  of  bone  growing  into  One  •*  otri*r 
cavity  from  tire  septum  are  also  sometimes  present.  Immediately  over  the  im  w  ? 

septum,  a  '.  depression,  the  iusopahmia 
recess,  .Uv.sCen,  .lyr  tliis^ejhhrj)  close  to  this  recess  &  minute  orifice  may  he  dfecerrod; 
it  leads  backward  lot  bn blind  pouch,  t  hcnuKawnfary  wmerttuual  organ  ofJwwbsiri. 

-h  is  supported  by  a  strip  of  cartilage,  the  vomeronasal  cartilage.  Thb 
is  vvc!lHk‘vdoj>i-(!  in  many  of  the  lower  animals,  where  it  apparently  ph*;  >  a  ptm 
in  the  sense  of  smelt,  since  it  is  supplied  by  twigs  of  the  olfactory  nerve  and  lu>td 
bv  epithelium  yttnilar  to -that  in.  the  olfactory  region  of  the  nose. 

The  roof  of  the  nasal  cavity  is  narrow  front  side  to  side,  except  lit  it-  pMtyiftS 
part,  hud  may  be  divided,  from  behind  forward-  rrit'ci  sphenoidal,  ethmoidal.  ai»d 
frontonasa!  parts,  after  the  hones  which  form  it. 
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The. -floor  if  ewav«  from  side  ro  aide  and  almost  /.horizontal  wrtei'o-pnstiTK^v.f 
its  are  former] by  the  paiatinf  i«a?ciir»r  lb*' 

posterior  fourth  by  the  horizontal  process  of  the  palatine  bpn'ey  In  its  nmc-ro 
mediiiS  pf>rt,  directly  over  the  incisive  foramen,  a  small  deprcssitvto  the  sasopatatias 
recess,  is  sometimes  seen;  it  points  downward  and  forward  and  occupies fits- 
position  of  a  canal  which  connected  the  nasal  with  the  buccal  cavity  in  oariy 
fetal  life. 

The  Mucous  Membrane  (nwnibmna  mnctm  no$t),  —The  nasal  mucous  membrane 
lines  the  nasal  cavities;  and  is  intimately  adherent  to  the  periosteum  pr  pemhpn- 
drium.  It  is  continuous  with  the  skin  through  the  nares,  and  with  the  mucous 
membrane  pf  the  nasal  part  of  the  pharynx  through  the  choanHs.  From  the  nasal 
cavity  its  continuity  ivtth  the  bmfjunetiya  mapbe  through  tlfe  nasolacrimal 

and  lacrimal  ducd.f(p  imd  tvith  the  frontal t  ethjdhtddidj  Sphenoidal ,  and  maxillary 
sinuses,  through  the  several  Openings  in  the  mc-ntuses.  The  mucous  membrane 
is  thickest,  and  most  vascular,  over  the  nasal  concha*.  It  is  also  thick  over  the 
septum ;  but  it  is  very  thip  jn  the  meatuses  on  file  door  pf  the  qasal  eavitlcs,  and  in 
the  Various  sinuses. 

Owing  to  the  thickness  of  the  greater  part  of  this  membrane,  the  nasal  cavities 
are  much  narrower,  and  the  middle  and  inferior  jutsal  coneW:  appear  larger  and 
more  prominent  than  in  the  skeleton:  also  the  various  apertures  communicating: 
w'ith  the  meatuses  arc  eo'nsjderably  narrowed. 


bvruUcs 

T  w.'rv.  t 


Structure  of  * he  Mucous  Musxnbrane  (Fig.  STh^-Thc  ;6pit.hcliujrD  covering  ti3tp  mem¬ 
brane  dilfe  ifl  its  character  According  to  the  functioim  of  the  pftft  the  jjoss  m  which  it-  MouhtL 

In  the  region  it  h  eolumuaf.nhd  c.diiitt  ,}.  celte 

are  g<»l>U;t,-Or  ru-iidt)  celM  while  between  their  bases  am  ".found  smaller  pyramidal’,  -cells’.  Benefit  i> 
the  epitheiium  anti  its  bcisement  ^merobrane  is  a  tihmiti' ' 
so  aa  to  form  in  roan  y  parts  a  dt&tidu  wlejjoid  tissue,  ind  under  this  a  nearly  cWm  muon  *?■  layer 
of  small  and  larger  glands,  some  mucous  and  some  sermi£«  the  duct*  of  which  open  upon  the 
surface.  In  the  olfactory  region  the  mucous-  rnembfcrme  w  yellowish  in  color  and  i he  *p$vhdhaf 
cells  are  cdlitmnar  &&d  non-exliaied ;  they  are  ofiiwo  kinds,  :supt?P.rf  jng  cells  and  olfactory  pells. 
The  BT^pportli^  oella  contain  oval  nuclei,  which  are  .situated  in  the-  deeper  \uirl*  of  the  <;d)a  wind  y 
ooiwtitate  the  sone  of  wiil  nuclei;  the  tfupef  \»m  of  each  cell  is  columnar,  and  ^obtain* 
granules  Of  yellow  pigment,  while  its  deep  part  is  prolonged  'as  a  delicate-  proto**  w  hich  CHiridV^ 
and  ooctumnueates  with  similar  pxM'ea&zs froth  neighboring  celK m  as  to  form  a  net-work  iri  tfcV 

•  iho  deep  of  the  kuppprting  cells  are  a  number  of 

bipolar  nerve  cells,  tlie  olfactory  Chilly  £acfc  ■c&aii&islmtf  of  a.  auuui  amount  of  granular  protoplast 
with  a  {jarge  spherical  ?>Ur le« i%  mod. su^jrfhool  one  which  niiis  fotf^  ;; 
t  he  columnar  epithelial  £<dkv  the  mucous  'membrane  as  &'&%•. 

bairdiktf pTXKtm,  ihe-^it^C^oryMi t;  the  other  m  de*p-  pmf'TFi  runs  inward,  is  frefpiewiy  beaded 
and  iOontmttUd  s&lhe&xoii  of  an  u^cutry  uerve  fibcf  Be/teath  the  epithelium ,  and  ending 
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through  the  thickness  of  the  mucous  membrane,  is  a  layer  of  tubular,  often  branched,  glands, 
the  glands  of  Bowman,  identical  in  structure  with  serous  glands.  The  epithelial  cells  of  the  nose, 
fauces  and,  respiratory  passages  play  an  import  ant  role  in  the  maintenance  of  an  equable  tempera¬ 
ture,  by  the  moisture  with  which  they  keep  the  surface  always  slightly  lubricated. 

Vessels  and  Nerves. — The  arteries  of  the  nasal  cavities  are  the  anterior  and  posterior  eth¬ 
moidal  branches  of  the.  ophthalmic,  which  supply  the  ethmoidal  cells,  frontal  sinuses,  and  roof 
of  the  nose;  the  sphenopalatine  branch  of  the  internal  maxillary,  which  supplies  the  mucous 
membrane  covering  the  conch®,  the  meatuses  and  septum;  the  septal  branch  of  the  superior  labial 
of  the  external  maxillary;  the?  infraorbital  and  alveolar  branches  of  the  internal  maxillary,  which 
supply  the  lining  membrane  of  the  maxillary  sinus;  and  the  pharyngeal  branch  of  the  same  artery, 
distributed  to  the  sphenoidal  sinus.  The  ramifications  of  these  vessels  form  a  close  plexiform 
net-work,  beneath  arid  in  the  substance  of  the  mucous  membrane. 

The  veins  form  a  close  cavernous  plexus  beneath  the  mucous  membrane.  This  plexus  is  especi¬ 
ally  well-marked  over  the  lower  part  of  the  septum  and  over  the  middle  and  inferior  conch®.  Some 
of  the  veins  open  into  the  sphenopalatine  vein;  others  join  the  anterior  facial  vein;  some  accom¬ 
pany  the  ethmoidal  arteries,  and  end  in  the  ophthalmic  veins;  and.  lastly,  a  few  communicate 
with  the  veins  on  the  orbital  surface  of  the  frontal  lobe  of  the  brain,  through  the  foramina  in  the 
cribriform  plate  of  the  ethmoid  l>one;  when  the  foramen  cecum  is  patent  it  transmits  a  vein  to  the 
superior  sagittal  sinus. 

The  lymphatics  have  already  been  described  (p.  G99). 
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Fw.  S77. — The  nerves  tot  the  right  aide  of  the  septum  of  t  he  nose. 


The  nerves  of  ordinary  sensation  are;  the  nasociliary  branch  of  the  ophthalmic,  filaments  from 
the  anterior  alveolar  branch  of  the  maxillary,  the  nerve  of  the  pterygoid  canal,  the  nasopalatine, 
the  anterior  palatine,  and  nasal  branches  of  the  sphenopalatine  ganglion. 

The  nasociliary  brunch  of  the  ophthalmic  distributes  filaments  to  the  forepart  of  the  septum 
and  lateral  wall  of  the  nasal  cavity.  Filaments  from  the  anterior  alveolar  nerve  supply  the  inferior 
meatus  and  inferior  concha.  The  nerve  of  the  pterygoid  canal  supplies  the  upper  and  back  part 
of  the  septum,  and  superior  concha;  and  the  upper,  tfasal  branches  from  the  sphyhbp^latine  gang¬ 
lion  have  a  similar  distribution.  The  naxoptda tine  nerve  supplies  the  middle  of  the  septum.  The 
anterior  palatine  nerve  supplies  the  lower  nasal  branches  to  the  middle  and  inferior  conch®. 

The  olfactory ,  the  special  nerve  of  the  sense  of  smell,  is  distributed  to  the  olfactory  region. 
Its  fibers  arise  from  the  bipolar  olfactory  cells  and  are  destitute  of  medullary  sheaths.  They 
unite  in  fasciculi  which  form  a  plexus  beneath  the  mucous  membrane  and  then  ascend  in  grooves 
or  canals  in  the  ethmoid  bone;  they  pass  into  the  skull  through  the  foramina  in  the  cribriform 
plate  of  the  ethmoid  and  enter  the  under  surface  of  the  olfactory  bulb,  in  which  they  ramify 
and  form  synapses  with  the  dendrites  of  the  mitral  cells  (Fig.  790). 
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The  Accessory  Sinuses  oi  the  Nose  (Sinus  Paraaasales)  (Figs  ,  873,  874,  878 j. 

The  accessory  sinuses  or  air  cells  of  the  nose  are  the  frontal,  ethmoidal,  sphe¬ 
noidal,  and  maxillary;  they  vary  in  size  and  term  in  different  individuals,  aud 
are  lined  by  ciliated  mucous  membrane,  directly  continuous  with  that  of  tin;  nasal 
cavities. 

The  ftoktftl  Sinuses  (sin-us  Jpmlok*),  situated  behind  the  superciliary  awdies/: 
are  rarely  sy.nSih.etrii’al,  and  the -septum  between  them  frequently  deviates  to  owe 
or  other  -  side  of  the  middle  line.  Their  average,  measurements'  are  as.  follows; 
■height,  3  cm.; breadth,  2.5  cm,;  depth  frotn  before baeteu’dfd,  2,5  cm.  Each  opens- 
into  the  arttertor  part  of  the  ctirresponding  middle  meatus  of  the  nose  tbctmgh  the 
frontonasal  duet  which  traverses  the  anterior  part  of  the  labyrinth  of  the  ethmoid. 
Abs»ntvfttfii^/-thoy  are  gcnefftHy  fairly  developed  between  the  seventh  and 
eighth  years.  Blit  only  reach  their  full  size  after  puberty. 
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The'  Ethmoidal  Air  Cells  \evttttfa'  consist  of.  •niunennis  thin-^ralled 

cavities  smiated  in  the  ethmoidal  labyrinth.  and  completed  by  the 
lacrimal,  sphenoidal.  and  'palatine.  They  hv  between  the  upper  parts  of  the  nasal 
cavities  and  the  orbits,  umd  arc .  separated  from  iUiw.  cayit^  by  thin  bony 
laminsc  -  On  either  side  they  are  arranged  in  three  groups*  anterior  *  middle,  and 
posterior.  The  anterior  and  ouddle  grpaiM  open  iflto  tlw  middle  toe.ntfii?  of  the 
nose,  the  former  f>v  way  of  the  infumiiiiolunr  the  hitter  on  or  above  the  bulla 
ethmoidal  is,  The  posterior  cells  open  into  the  superior  meat  ns-  under  iover  of 
the  superior  nasal  concha-;  sometimes  one  or  more  opens  into  thy  sphenoidal  sinus. 
The  ethmoidal'ce'li^'bejein  to  develop  during  fetal  life. 

The  Sphenoidal  Sinuses  ( nv n&  -stphwohfa hx)  contained  within  the  body  of  the 
sphenuid  vary,  in  size  and  shape;  owing  to  the  lateral  *lfeptavniwiit  uf  the  inter* 


they  are  rarely  symmetrical,  ...yTfwf  frillowiiig  are  their  average 
•mieal  height,  2.2  cm. :  transverse  btfewtfth.  2  cm. .  anteroposterior 
When  exceptionally  large  they  ni»y  extend  info  tire  roots  of  the 
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Kit;  *70d  — iSfjortm^  from  a  olnlU  oi*br  d#,$*  old.  i>5  th“  jpnrWy^  ot  i>> otaf  IVoBe, 

lamina  papyri) ocf*.  of  ethmoid,  and  Ue*.\ml  p «rf  kVuvtf  Ataiu*  wjjMWft iiucrior  amt  r**» 

terior,  iuCmidihuluut  eihnioidale,  and  the  prumiive tanitt  arc  burtgfrt  »(ito  >i>*YK] 

pterygoid  processes  or  great  wings,  « nt  1  may  invade  tbfoba&lar  part,  of  the  occipital 
bone.  Each  sinus  communicates  w  ith  the  spiietioethropirtal  recess  by  means  of 
an  aperture  in  the  upper  part  of  its  anterior  wall.  They 'are.  present  as  minute 
cavities  at  birth,  hut  their  main  development  takes  place  after  puberty. 
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The  Mastlllary  Sinus  t slum  mufilforh;  antrum  of  Highmor?),  the  largest  of  the 
accessory  sinuses  of  the  nose.,  is  a  pyramidal  cavity  in  the  body  of  the  maxilla. 
Its  base  is  formed  by  the  lateral  wall  of  the  nasal  cavity.  and  its  apex  extends  iuto 
•the  xygotoaric  process.  Its  roof  or  orbital  wall  is  frequently  ridged  by  the  infra- 
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orbital  canal,  while  it*  floor  ts  formed  by  the  alyeokf  hbd  is  usually  |  to  10 

mm.  bek.nv  the  level  of  the  floor  of  the  «<*«*;-  projecting  into  the  floor  are  several 
conieai  elevat  ions  cofrosjamding  with  the  rotstH  Of  ttn*  first  aiid  second  nuilitr  teeth, 
atu.1  in:  some  eases  the  floor  is  perforated  by  one  Op  iftortt  of  these  roots.  The  sfe* 
of  the  sinus  rums  in  different  skulls,  and  even  on  the  two  sides  of  the  same  skull. 
The  adult  capacity  varies  from  05  ce-  to  20  tv, ,  average  .((bout  54.75  c.\e,  Thu  fol¬ 
lowing  mtsisinfiTOterits  are  those  of  an  avemgrv-siw>d  siuus  :  height ;0^pstte 

the  first  xnujax  tooth,  <4.75  cm. :  transverse  breadth,  2,5 ere.;  antero-poateHor  depth, 
3  cm.  In  the  antero-superioe  part  of  its  base  is  mi  opening  through  which  it  cOro*- 
iminieates  with  the  lower  pert  of  tbeljiatus  semihmaris:  a  second  orifice  infrequently 
seen  in,  or  immediately  behind,  the  hiatus.  The  maxillary  sinus  appears  as  .•<  shal¬ 
low  groove  on  the  medial  surface  of  the  bone  about  the  fourth  month  of  fetal  life, 
but  does  not  reach  its  full  size  until  after  the  second  dentition. ‘  At  birth  it  measures 
about  7  mm.  hv  the  . dorso- ventral  direction  and  at  twenty  months  about  20  nun.* 
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duwptly  tram  it Ms  mfunoibulnm  fthmodfalk .  NolicjaUo  the  Udflompiete  «e*pia  in  tfaiajhua  maafLHiim.  yD;t\ia.) 


IKE  ORGAN  OP  SIGHT  (ORGANON  V1SUS;  THE  EYE), 

The  bulb  of  tbs Ondbv#  mill;,  eyeball'),  or  mgm  of  sight,  is  contained  in  the 
cavity  of  the  .orbit,  whew  it  is  protected-' from  injury  and  moved  by  the  ocular 
muscles.  Associated  with  it  are  certain  accessory  structures,  via.,  the  muscle?, 
fascia',  eyebrows,  eyelids,  conjunctiva,  and  lacrimal  apparatus. 

The  l>uff>  of  the  eye  is. imbedded  in  the.  fat  u)  the  orbit,  but  is  separated  from  it 
hv  ft  thin  inembranons  sue,  the  fftsftia  bulb!  (page  It  is  composed  of  segments 

of  two  spheres  of  different  sixes.  The  anterior  segment  is  one  of  a  small  sphere; 

*  Th»  of  tins'  wwMory  muvfaea  of  Utenoee  » 4fR  tafe*3./ou  tkoee  ttVnri  %  ftlfotaw  Turnar  in  hi* 

Accessory  tfuttijK*  tdihe  Nose,  •  .  '  .  -  .  !•  '  ‘ /•■»•./• 

d.  f.;  ,Aru  jtWv  i^t,.  i»l<V  v.fl:  10. 
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it  is  trampftrs-nf,  arid  lornis  about  OJu>3ixth  of  the,  bulb.  It  is  more  prominent 
than  the  posterior  segment,  which  is  one  of  a  larger  .sphere,  and  is  opaque,  and  toms 
about .Sve>5rst&s  of  thebulb,:  l’tic  term  aaterior  pole  is  applied  to  the  central  feint 
of  the  anterior  curvature  of  the  bulb,  ami  'that  nf  posterior  pole  to  the  central  ]*m 
of  its  pbsterhir  curvature,  a  lint  joining  the  two  poles'  forms  the  optic  ax is.  Tb? 
axed  of  the  two  bulbs  arc  nearly  parallel,  and  therefore  do  not  correspond  fco  the 
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margin  of  the  cup,  and  becomes  separated  from  the  overlying  ectoderm  by  mes¬ 
oderm.  The  cells  forming  the  posterior  wall  of  the  vesicle  lengthen  and  are  con¬ 
verted  into  the  lens  fibers,  which  grow  forward  and  fill  up  the  cavity  of  the  vesicle 
(Fig.  885).  The  cells  forming  the  anterior  wall  retain  their  cellular  character,  and 
form  the  epithelium  on  the  anterior  surface  of  the  adult  lens.  By  the  second  month 
the  lens  is  invested  by  a  vascular  mesodermal  capsule,  the  c&psula  yasculosa  lentil; 
the  bloodvessels  supplying  the  posterior  part  of  this  capsule  are  derived  from  the 
hyaloid  artery;  those  for  the  anterior  part  from  the  anterior  ciliary  arteries;  the 
portion  of  the  capsule  which  covers  the  front  of  the  lens  is  named  the  pupillary 
membrane.  By  the  sixth  month  all  the  vessels  of  the  capsule  are  atrophied  except 
the  hyaloid  artery,  which  disappears  during  the  ninth  month;  the  position  of  this 
artery  is  indicated  in  the  adult  by  the  hyaloid  canal,  which  reaches  from  the  optic 
disk  to  the  posterior  surface  of  the  lens.  With  the  loss  of  its  bloodvessels  the  cap¬ 
sula  vasculosa  lentis  disappears,  but  sometimes  the  pupillary  membrane  persists 
at  birth,  giving  rise  to  the  condition  termed  congenital  atresia  of  the  pup if. 


Fio.  885. — Horizontal  section  through  the  eye  of  an  eighteen  days*  embryo  rabbit.  X  30.  (KftUiker.) 

The  vitreous  body  is  developed  between  the  lens  and  the  optic  cup.  Hie  lens 
rudiment  and  the  optic  vesicle  are  at  first  in  contact  with  each  other,  but  after  the 
closure  of  the  lens  vesicle  and  the  formation  of  the  optic  cup  the  former  withdraws 
itself  from  the  retinal  layer  of  the  cup;  the  two,  however,  remain  connected  by  a  net¬ 
work  of  delicate  protoplasmic  processes.  This  network,  derived  partly  from  the  cells 
of  the  lens  and  partly  from  those  of  the  retinal  layer  of  the  cup,  constitutes  the 
primitive  vitreous  body  (Figs.  886,  887).  At  first  these  protoplasmic  processes 
spring  from  the  whole  of  the  retinal  layer  of  the  cup,  but  later  are  limited  to  the 
ciliary  region,  where  by  a  process  of  condensation  they  appear  to  form  the  zonula 
eiliaris.  The  mesoderm  which  enters  the  cup  through  the  choroidal  fissure  and 
around  the  equator  of  the  lens  becomes  intimately  united  with  this  reticular  tissue, 
and  contributes  to  form  the  vitreous  body,  which  is  therefore  derived  partly  from 
the  ectoderm  and  partly  from  the  mesoderm. 
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The  anterior  chamber  of  the  eye  appears  as  a  cleft  in  the  mesoderm  separating 
the  lens  from  the  overlying  ectoderm.  The  layer  of  mesoderm  in  front  of  the  cleft 
forms  the  substantia  propria  of  the  cornea,  that  behind  the  cleft  the  stroma  of  the 
iris  and  the  pupillary  membrane.  The  fibers  of  the  ciliary  muscle  are  derived  from 
the  mesoderm,  but  those  of  the  Sphincter  and  Dilatator  pupilhe  are  of  ectodermal 
origin,  being  developed  from  the  cells  of  the  pupillary  part  of  the  optic  cup. 

The  sclera  and  choroid  are  derived  from  the  mesoderm  surrounding  the  optic  cup. 

The  eyelids  are  formed  as  small  cutaneous  folds  (Figs.  885,  886),  which  about 
the  middle  of  the  third  month  come  together  and  unite  in  front  of  the  cornea. 
They  remain  united  until  about  the  end  of  the  sixth  month. 

The  lacrimal  sac  and  nasolacrimal  duct  result  from  a  thickening  of  the  ectoderm 
in  the  groove,  nasooptic  furrow,  between  the  lateral  nasal  and  maxillary  processes. 
This  thickening  forms  a  solid  cord  of  cells  which  sinks  into  the  mesoderm;  during 
the  third  month  the  central  cells  of  the  cord  break  down,  and  a  lumen,  the  naso¬ 
lacrimal  duct,  is  established.  The  lacrimal  ducts  arise  as  buds  from  the  upper  part 
of  the  cord  of  cells  and  secondarily  establish  openings  (puncta  lacrimalia)  on  the 
margins  of  the  lids.  The  epithelium  of  the  cornea  and  conjunctiva,  and  that  which 
•lines  the  ducts  and  alveoli  of  the  lacrimal  gland,  are  of  ectodermal  origin,  as  are 
also  the  eyelashes  and  the  lining  cells  of  the  glands  which  open  on  the  lid-margins. 

The  Tunics  of  the  Eye  (Fig.  888). 

From  without  inward  the  three  tunics  are:  (1)  A  fibrous  tunic,  consisting  of  the 
sclera  behind  and  the  cornea  in  front;  (2)  a  vascular  pigmented  tunic,  comprising, 
from  behind  forward,  the  choroid,  ciliary  body,  and  iris;  and  (3)  a  nervous  tunic, 
the  retina. 

The  Fibrous  Tunic  ( tunica  fibrosa  oculi). — The  sclera  and  cornea  (Fig.  888) 
form  the  fibrous  tunic  of  the  bulb  of  the  eye;  the  sclera  is  opaque,  and  constitutes 
the  posterior  five-sixths  of  the  tunic;  the  cornea  is  transparent,  and  forms  the 
anterior  sixth. 

The  Sclera. — The  sclera  has  received  its  name  from  its  extreme  density  and  hard¬ 
ness;  it  is  a  firm,  unyielding  membrane,  serving  to  maintain  the  form  of  the  bulb. 
It  is  much  thicker  behind  than  in  front;  the  thickness  of  its  posterior  part  is  1  mm. 
Its  external  surface  is  of  white  color,  and  is  in  contact  with  the  inner  surface  of  the 
fascia  of  the  bulb;  it  is  quite  smooth,  except  at  the  points  where  the  Recti  and 
Obliqui  are  inserted  into  it;  its  anterior  part  is  covered  by  the  conjunctival  mem¬ 
brane.  Its  inner  surface  is  brown  in  color  and  marked  by  grooves,  in  which  the 
ciliary  nerves  and  vessels  are  lodged;  it  is  separated  from  the  outer  surface  of  the 
choroid  by  an  extensive  lymph  space  (spatium  perichorioideale)  which  is  traversed 
by  an  exceedingly  fine  cellular  tissue,  the  lamina  suprachorioidea.  Behind  it  is 
pierced  by  the  optic  nerve,  and  is  continuous  through  the  fibrous  sheath  of  this 
nerve  with  the  dura  mater.  Where  the  optic  nerve  passes  through  the  sclera,  the 
latter  forms  a  thin  cribriform  lamina,  the  lamina  cribrosa  sclera;  the  minute  orifices 
in  this  lamina  serve  for  the  transmission  of  the  nervous  filaments,  and  the  fibrous 
septa  dividing  them  from  one  another  are  continuous  with  the  membranous  pro¬ 
cesses  which  separate  the  bundles  of  nerve  fibers.  One  of  these  openings,  larger 
than  the  rest,  occupies  the  center  of  the  lamina;  it  transmits  the  central  artery 
and  vein  of  the  retina.  Around  the  entrance  of  the  optic  nerve  are  numerous 
small  apertures  for  the  transmission  of  the  ciliary  vessels  and  nerves,  and  about 
midway  between  this  entrance  and  the  sclerocorneal  junction  are  four  or  five 
large  apertures  for  the  transmission  of  veins  (ven®  vorticos®).  In  front,  the  sclera 
is  directly  continuous  with  the  cornea,  the  line  of  union  being  termed  the  sciero- 
comeal  junction.  In  the  inner  part  of  the  sclera  close  to  this  junction  is  a  circular 
canal,  the  sinus  venosus  sclera  (canal  of  Schlemm).  In  a  meridional  section  of  this 


region  this  sinus  presents  the  appearance  of  a  cleft,  the  outer  wall  of  which  consists 
of  the  firm  tissue  of  the  sclera,  while  its  inner  wall  is  formed  by  a  triangular  mass 
of  trabecular  tissue  (Fig.  <SS9)  ;  the  apex  of  the  mass  is  directed  forward  and  is  con¬ 
tinuous  with  the  posterior  elastic  lamina  of  the  cornea.  The  sinus  is  lined  by 
endothelium  and  communicates  externally  with  the  anterior  ciliary  veins. 

The  aqueous  humor  drains  into  the  scleral  sinuses  by  passage  through  the 
“pectinate  villi”  which  are  analogous  in  structure  and  function  to  the  arachnoid 
villi  of  the  cerebral  meninges.1 
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Structure, 


The  sclera  is  formed  of  white  fibrous  tissue  intermixed  with  fine  elastic  fibers; 
flattened  connective-tissue  corpuscles,  some  of  which  are  pigmented,  are  contained  in  cell  spaces 
between  the  fibers.  The  fibers  are  aggregated  into  bundles,  which  are  arranged  chiefly  in  a 
longitudinal  direction.  Its  vessels  are  not  numerous,  the  capillaries  being  of  small  size,  uniting 
at  long  and  wide  intervals.  Its  nerves  are  derived  from  the  ciliary  nerves,  but  their  exact  mode 
of  ending  is  not  known. 

The  Cornea. — The  cornea  is  the  projecting  transparent  part  of  the  external  tunic, 
and  forms  the  anterior  sixth  of  the  surface  of  the  bulb.  It  is  almost  circular  in 
outline,  occasionally  a  little  broader  in  the  transverse  than  in  the  vertical  direction. 
It  is  convex  anteriorly  and  projects  like  a  dome  in  front  of  the  sclera.  Its  degree 
of  curvature  varies  in  different  individuals,  and  in  the  same  individual  at  different 
periods  of  life,  being  more  pronounced  in  youth  than  in  advanced  life.  The  cornea 
is  dense  and  of  uniform  thickness  throughout;  its  posterior  surface  is  perfectly 
circular  in  outline,  and  exceeds  the  anterior  surface  slightly  in  diameter.  Imme¬ 
diately  in  front  of  the  sdem-corneal  junction  the  cornea  buigesinward  as  a  thickened 
rim,  and  behind  this  there  is  a  distinct  furrow  between  the  attachment  of  the  iris 
and  the  sclero-corneal  junction.  This  furrow  has  been  named  by  Arthur  Thomson? 
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the  sulctis  circularis  come®;  it i(i  externally  by  the  tjrabmitar  ti^ifc 

si  Iren* }  v  described  ivs  furming  the  inner  wall  <*f  the  Him»s've»>nsus  sclenc.  Urtwmi 
this  tissue  «ri<!  the  anterior  surface  of  the  utteehwJ  margin  of  tlwr  Iris  is  arj  Mii'itl.u 
recess,  mimed  the  Itidial  angle  or  filtration  angle  of  the  »yv  ( Fig.  > .  hnnmliiitdy 
outside  the  til f  ratlin,  iingk-is  a  projecting  rim  of  seleral,  tissue  which  apftwirs  in  4 
meridional  section  as  a  small  triangular  area,  ter  met  I  the  scleral  spur.  Us  lor 
is  eontinuou*  with  the  inner' surface  of  the  sdera  immediately  to  the  ernieT-side  «•» 1  h< 
filtration  angle  and  its  apex  is  directed  forward  and  hnvijird  To  the  anterior  -iopsHg 
margin  of  this  spur  are  nftadbed  the  bundles  rtf  trabecular  tissue  just  refemd  «*; 
from  its  posterior  margin  the  meridional  fibers  of  the  Ciliaris  muscle  arise. 
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Structure  \F\%.  S‘X)j.— Tb«*  cornea  consists  from  before  backward  of  four  Layer*.  va.:  i 
the  corneal  epitbeliuixi,  wfiUiiuous  with  that  oi  the  mmiunctiva:  (2j  the  substantia  propm 
(3)  the  posterior  elastic  Lunina;  an*i  fii  Urn  endothelium  of  the  anterior  tJhaniJi.er. 

The  corneal  epithelium  icpityrivMh !c«nft^r;  nftfcrwt  Uujetj  Toivtfrsr  the  fryer,  erf  the  comes  aai 
eotedspi  af  several  fe’CTB; df  ceils  The  cejis  of  t4rc*  deepest  layer  are  columnar;  tbeu  Xbllcxw  or 
of  ;phiy:hrsiriil  cells,  the majority' Of  which  are  ptrkkle  cells  AitniUr  those /oup3^' 
bhesfrat.uini  muce^um  of  thc  cUirclt.  lastly,  therb  are  three  or  four  layers  of  squamous  odk, 
wHrh  »,*  ,  v 

The  sisbstafltaa  propria  is  hbrous,  ttiuyh,  imyiel^fev  itetWetfy  transprm.m,  It  is  code 
po&ffi-  tf-Ati&ut vVtff tx*m^ . :.lmyw>lkeA  feuperifoiwtxl  mw  on  another,  Tft*^**/ towilfip  art  mitt: 
%><>(  tissue,  the  frf.HUs  of  which  are  dmttftf  co&tmttato  with  tttfm. 

f£  th^dcru.  v/f*h.fr  ilbiw  trf  earfi  UrueUa  urfc  foe  the  most  part  paraliei  we  another,  bvtf  si 

Fiber*,  howler,  frequently  pass  from  one 
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The  arc  connected  with  cuch  other  by  an  interstitial  c^CMC^iibstance,'  :-m  which  are 

spaces,  thfc  spaces,  stellate  In  shape,  aad  .  with  one  another  by 

viuT,v;fwia  off  seta.  Each  contains  a  coll,  tho  corneal  co*$g«d(fcr i"03»:cubli t^g;  form  tibe  in 

wlutii  a  ^  loffgt^/but  not  ^aUrcly  fiUiofiJt. 


■ ,  -  - .  ara^aaasscassayg.^^ 

Fi«i.  ^^.^Ver&wt  section  of  human  cornea from  poa?  th$ margin.  (Waidcycr  ).  AJ agEufwxi.  1.  FpitheUnttt* 
SL  Anteriot  ^iABtVr.  lamiuu  8.  *ub«*Atiti*  ?*ypi:\A.  •$  pnutortot-  Jsuomfri'  .  &  JS&dathsliOm  of  the  umn'rior' 

eb&mkx$r?  *-.  Oblifjtj*  .to.  t U«i  anterior  Isyeir  ot  the  prop tin  ’ft'hirit  am  cat 

»croe»r  pcixluc^ufif  a  jipr*>aovut>u.  <*.  C<>rtn&i  Rariitfitelitt ' apnestfjait  i  ivsi*  ocm ■$».  tfectton .  d,  flbfr.m 

r4  wfcich  xif?  rrtt  loagttudi rjiiilv-  *.  IVan.^ntiou  to  {,&*  Hi'Ior&,  with  roorr..  diajip<tC  fsBrfiinMon,  *t*fl  ?iu,mou&&*i  by  ft 
U>i£fct*  ^pitfifeliura  /.  Small  biwAfv^wKiis  out  porn**  ue#r  t*w  uwatitt  itf  fcb* 


The  layer  unmi?diately  beneath  the  corneal  epithelium  presents.'. cerUin  ehjiradkttigtfjesi  Which 
have  Usd  ab.me  aiihfohsisf »  to  T&g&rd  it  a#  a  di^iincttncu>bf,aricj  mtifaUm  born  named  thte  anterior 
elastic  lamina  (j Urbina  alavUm  onknor:  anterior  limiting  hit  n  Bov'rmk*  mwtrt&He).  it  difeN, 
howler*  .from  the  posterior  ttiaSifc  tammo,  in  preseoting  evidence  of  fibrillar  siirucrure,  aiid  in 
tim  haying'  ffte  same  ktftdeiicy  to  carl  inward,  yr  to  lirvdfcrgp  rWhgu  detached  from  the 

oih^ar  layers tte  cbrbea  it  .  consist®  tit  extremely  olosely  ihtery/pvejj  fibrils,  Bmdktrdtf  those 
foubd  in  the  sob^tAtHf  ia  propria,  but  eontato 1  n& corneal  corpuscle* .  U  mtoy  he  regarded  m  a 
gjondvn*©?!  part  of  3 ho  substantia  pfoprla, 

l:  The  posterior  elastic  lamina  (hmino  elmiic*%  poxtenor.  mrffhbmnc  of  iJtec&nof;  membrOm  of 
Bttnaur&t  criers  the  posterior,  surface  of  the  ^ibstiintiii  propels-,  and  5a  ‘an  1 tmisfiar^ni' 

bcjoogeiieous*  membrane*  of  extreme  thihnd&,  which  15?  ttot  rciidenvd  opaque  by  either  plater, 
alrahdj,  or  acids,  When  steppe*!  from  the  substantia  prpprrio-  it  .^urie  up,.' of  rofe  t*p<m  itself 
«rith  the  attached  tfurfuer!  mr/etjrjosf.  ■  •  \  ,  *v  ;  ,  j 

At  tho  margin  of  the  cornea  the •  posterior  einsfic  Juinum  breaks  up  into  fiber;*  which  form 
£he  trabecular  tissue  already  described;  Uxe  spaces  between  ift<£  tiufe>ulay  are  Uutued  thfe 
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The  endothelium  of  the  anterior  chamber  {endothelium  campm  antcridfU:  posterior  layer: 
corneal  endothelium)  covers  the  posterior  surface  of  the  clastic  lamina,  is  reflected  on  to  rk 
front  of  the  iris,  and  also  lines  the  spaces  of  the  angle  of  the  iris;  it  consists  of  a  single  sirsiuio 
of  polygonal,  flattened,  nucleated  cells. 

Vessels  and  Nerves. — The  cornea  is  a  pan-vascular  structure;  the  capillary  vessels  ending  m 
loops  at  its  circumference  are  derived  from  the  anterior  ciliary  arteries.  Lymphatic  vessels  hs^e 

not  yet  been  demonstrated  in  it.  hut  an 
represented  by  the  channels  in  which  the 
bundles  of  nerves  run;  these  channels m 
lined  by  an  endothelium.  The  nerves  aiv 
J$'  numerous  and  are.  derived  from  the  ciliary 


Fin.  891. — 7\hc  choroid  and  iris.  (Knlnrgod.) 


Aoternr  ciliary  artery 


-The  urtrrir*  of  thi 


it  fa  pieced  .betting by  iWTe,  and  in  this  ^itoation  fa  fiitaly  inlherent  to 

the.  It  is thicker ^  helhifd  than  ipjfn>nt.  Its  outer  surface  b  hwsdy  eOnr>eete4 

by  the  lamina supracharioidei  with  the  sclera;  its  inner  surface  is  attaelied:  to  the 
pigmcntecl  layer  of  the  ref  it'ift. 

3 trucium - ■ — T he  choroid  eonswbi  mainly  of  a  dense  capillary  plexus,  of  small  nr^rjes' 
and;V^in$dmynig.  blood  to  ami  returning 'at  tmm  thk  piexi?*y  On .  it*  adefnal  surt'ace  is  a  ihin 
membrane,  iho.lumoa  supr&d^rioidea ,  eeroposedof  delicate  nd0ryb4<ndar  lamella 

consisting of :a  nut- work ' of  fine el&dio  fiVK-ra -among  which  arr^branehc^  pigment  eylto.;-  The  spaced 
between  the  kmelke  are  /lih^/by-'endotlikHuhi,  and  open  feely  into  the  perichoroidal  lymph 
epnoe,  which,  inJis  turn,  communicates.  with  the  ,pflmclerai..cip?wi  by  the'  perforations  hi  the 

eQte/tv  ti*rbu$b  which  the  Ve^ete  and  nerves  are  ttsSifet^iittOcl.  V  '  ;  ,/  %  ’  '  \ 

lojteriud  to  tbM  ia-juioa  te  the  ^ottnd  proper*  of  two  an  outer,  composed 

of  small  ancrica  and  veins,  with  pigment .cells  isterspers^J  between  them;  nod  an  times,  consist- 
mg  of  a  capillary  p}*xu&  Tb^  9titer  lftyer  (lamina  vatculom)  consist*,  mp/irt,  of  the  larger  branches*, 
of  the  short,  ciliary  arteries  which  run  forward  bet  ween  the  vents,- before  they  bend/ inward  t  o  end 
in  the -capUl*ries(- but  ie  formed  principally  of  veins,  named.,  from  their  arrangement  the  you© 
vortteos®.  They  converge  to  four  of 
five  vqui<ii5tot  tnmfe  which  pierce  -fcbe 
fcclera  about  -midway-  hot  ween  the  sefero- 
corf msi  juoviiida  apd  the  entrain-c  of  the 
opt  in  jwy h.  :  intervphTseci  between  the 

:  Jn  gmetii  ■ 

eelhy  tVie:pro4>friu^of  which;  (’Omfrimiicat-' 
iag  with,  thp^;m  form 

.a.  delicate  -nev^ork  or  strohia,  which 
toward  the  inner  surface  of  the  choroid  ##**?% 

Ibses  .  its- ; '  pigmeptary^  ;  eharimte.  '  'The 
lxm*r  layer  (famintt  charipcapilktciti)  eon- 
*htn  of  m :  cxce^imgjy  fi&o  capillary 
plexus,  formed  by  the  short  ciliary  vessels  ; 
the  network  is  closer  and  finer  in  the  pos  ¬ 
terior  than  in  the  anterior  part  of  the 
choroid,  Ahem t  L  25  cm;  behind  the 
cornea  its  ittCtshca  become  larger,  and  .are 
comm  ooas  with  thi m  of  the  ciliary 
processes.  -  TbesV  two  Taniitue  are  con- 
ner  Cod  ;by  a  stratum  intermedium  cm.~ 
sisififg  of  J[6n>eJfi?ftic  fibers,  On  the  inner 
«urf cv(*t-  of  the  Janima  choriocafdliaris  is 
a  very  thin,  stmc  Umibsa, .  or  faintly 
fibrous  hHimbrane,  <?aUrti  Usama  basalts;  it 


-The  »oi«* 


of  the  L-lioroid 
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thtj  h*n's,  In  front,  they  are  c  ontinuous  with  the  of  tiw 

iris.  Their  posterior  surfac'cs  are  connected  with  the  suspensory  ligament  of  the 
lens. 

Vv'.Vv  ’i : *' -  Ota  St  rrata 


4V 

wjwi?  t> 


-Interior  of  anterior  half  of  bulb  of  eye. 


Slructuie.!frrIli#f  ciliary  processes  (Figs.  S9f),  BfHi)  arc  similar  tu  *imd-ure/03  :tW  Fhoroid.  bwt 
the  vestals  are  larger,  and  have  chiefly  a  Icmgitudinai  Xheir  pobt^ri/ir  surft****  m 

covered  by  a  bilafnistar  teycayof  btack  :pt^*riv-^k 

I  which  is  cbntiDU\vl  forward  from  the.  mmn,  a 

n  anted  the  puns  ciliaxw  r*ttfiae.  to*  tbs 
/  diiary  processes  there  are  also  ket]attv  ^Tilw^ 

bftt  these  arc  not  so  nuniemm  as  iotite  uhoroid  jf^h 
Accontejia  id  the  ftpxaer  v  a. 

I  farmed  by  the acfiv*  inteJtATmJOD  *ii  d*r 

1  epitbeUalve^UH  Kim*#  tbaapices.of  the-  ciliary  ptf***^ 

I  The  Cili&rk  muad#  im.  dimm: 

mmvl?)  consists  rff  iiri.stripe<i  fibers:  it  terms* 
1  g^  Miv  semitmiispareTit,  circular  banrff>bi«^- 

I  A  3  mm,  broad,  m%  the  outer  surface  of  fit-:* 

£  part  of  the  choroid.  ‘It  te  thickest  in  frowt.^i 

consists  of  two  sets  of  fibers*  meridion&l  jmt 
circular.  'rheiiperidibnaf  fibers,  much  the  mm 
numerous,  arise,  from  the  posterior  raargte  of 
the  scleml  spur  (page  I0l4);  ttey  mn  Urk- 
ward,  and  are  attached  it*  the 
and  orbkulua  cilbriste 

to  Waideyer,  h.  msertedinto-  tfe  ;w*Iera.  The 
circular  fibers  are  feternaf  to  the  meridional 
ones,  ami  in  a  meridhmal  section  appear  a£  a 
tmrigulas  7.0m.  behind  the  filtration  angle  anil 
cte.se.  to  the  cimimfdrenee  of  the  ids;.  They 
are  wei  tele  veloped  in  hypermetropic,  but  are 
rufiijiKnt^ry  or  absent  in  myopic  eye>:  The 
Oiliaris  muscle  is  the  chief  agent  in  accuse 
?e  to  the  vision  of  near  objects.  When  it 


Ftc,.  of  tb<a  choroid,  eiliaryprcr- 

nyua*.  arid  m*ut>  1‘faitl.  (Arnold.)  Mt*gmfted 
10  •>  CapiUltfy  net-mirk  of  the  posterior 

.piite  of.  tiir  fhniKrffcimdiufffit  h,  the  ora  senatss 
-€i.  si»funa  eUtaria.  «ui»plyinjg  tbo 

•flill.&irV *.nd  po*Hnit  into  fcbf  irif  y., 
/.  Th’iVi'-ifiit'fatjv  o*V*;orlc  claw;  to  ibe  pupiiiary 
tflftrr.bi  , 


The  Iris,— The  iri>  hits  received  its  name  front  its  various  colors  in  different 
individuals.  It  •  is.  a  thin,  circular,  contractile  disk,  suspended  in  the  aqueous 
humor  between  the  convert  and  Jeris,  and  perforated a  little  to  tihe  nasal  side  of  its 
center  bv  a  circular  aperture,  the  pupil.  Pj:  its  pfa’tphefy  it  is  continuous  with 
the  eiferj-  bod;c,  and.  is  also  comtected  with,  the  posterior  eUistic,  larnma.  of  the 


Ft«:v  TOtS,— ’Diagram  of  the  bJfKxJvo»»*l*  of  ilw  oyc;  ae  even  in  A  horizontal  Bection.  (T.eber.  after  Sihhr:) 

Grfttrw  vs*d  oeatraha  min®:  a  Ar*er\h.  uyVona  ce-ptrAiie  retina*,  u,  Anuatomosie  with  vcaftek  of  outer  coatfi. 
Cy.  ArijW(tc>rtiohiB  with  btfliipt®aofalH>rt1p4».>terior  ctiiary  ancfiea.  i>  Anastconoaia  with  ehorioidenj  vcsa-cl*. 

"Goutwft-at  rftsft  ciHur.  poaiics:  brav.'s 1.  Arletisr,  nnd  ij  Vena  HHar.  pcwtic?.  ,bri*v.  II.  EpiselewJ  Art*r>\  IIjv  Episcleral 
J 15  Capillaries  of  hutiina  cht  jnctrapilhirie. 

Couma  of  Vi an  ciliur.  poatje.  loots  :  X,  a.  cilutr,  pr*st.  lonau.  ^..Cijronitia  iridis  major  out  awrtttsX  3.  Branch**  do  ciliary 
4  .  Brkn(*li<  *t  to  inn. 

C.OiilPWef  of  ciliur.  ant. :  a.  Armt&.  cilisj.  ant.  f,.  Junction  wrfh  the  » irrnluc  iridie  Djojjor  c,  Junction 

qrim.lfetmft*  chrtriwapUl,  if.  Artemi.  anit/fc.  VoDpaa-XpidclrraJ  brandit*  e.  Arterial  and  branches t«> 

va  scieria  /.  Arterial.  and  /it  Vf-juturf  bmcKdi^  W  i ‘orm-ai  border,  V.  Vena  vortkoaa.  ;S,  Trtinsyerse  aection 

tt'd’  UlYtlttU  r*i. 


x-d  &iim*  wm«tw  sclerie. 


cornea  by  means  of  thtrpertinate  lii;nment;  its  surfaces  are  flattened,  and  look 
and  backward,  the  anterior  toward  the  cornea,  the  posterior  toward  the 
ciliary  processes  and  lexis.  The  iris  divides  the  space  \m the  lens  and  the 
cornea  into  an  anterior  and  a  posterior  chamber.  The  anterior  chamber  of  tIr  eye 
Ibunded  in  front  by  the  posterior  surface  of  the  cornea;  behind  by  the  front  of 
the  iris  and  the  centra!  part  of  the  lens.  Hie  posterior  chamber  is  a  narrow  chink 
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behind  the  peripheral  part  of  the  iris,  and  in  front  of  the  suspensory  ligament 
of  the  lens  and  the  ciliary  processes.  In  the  adult  the  two  chambers  commune 
cate  through  the  pupil,  but  in  the  fetus  up  to  the  seventh  month  they  are  separ¬ 
ated  by  the  membrana  pupillaru . 

Structure. — The  iris  is  composed  of  the  following  structures: 

1.  In  front  is  a  layer  of  flattened  endothelial  cells  placed  on  a  delicate  hyaline  basement  mem¬ 
brane. 


This  layer  is  continuous  with  the  endothelium  covering  the  posterior  elastic  l&miua  c<f 
the  cornea,  and  in  individuals  with  dark-colored  iridcs  the  cells  contain  pigment  granules. 

2.  The  stroma  (stroma  iridis)  of  the  iris  consists  of  fibers  and  cells.  The  former  arc*  made  up 
of  delicate  bundles  of  fibrous  tissue;  a  few  fibers  at  the  circumference  of  the  iris  have  a  circular 
direction;  but  the  majority  radiate-  toward  the  pupil,  forming  by  their  interlacement,  delicate 
meshes,  in  which  the  vessels  and  nerves  are  contained.  Interspersed  between  the  bundles  of 
connective  tissue  are  numerous  branched  cells  with  fine  processes.  In  dark  eyes  many  of  them 
contain  pigment  granules,  but  in  blue  eyes  and  the  eyes  of  albinos  they  are  un  pigmented 

3.  The  muscular  fibers  are  involuntary,  and  consist  of  circular  and  radiating  fibers.  The 
circular  fibers  form  the  Sphincter  pupite;  they  are  arranged  in  a  narrow  band  about  1  mm  is 
width  which  surrounds  the  margin  of  the  pupil  toward  the  posterior  surface  of  the  iris:  those 
near  the  Free  margin  are  closely  aggregated;  those  near  the  periphery  of  the  band  are  somewhat 
separated  and  form  incomplete  circles.  The  radiating  fibers  form  the  Dilatator  pupilk;  they 
converge  from  the  circumference  toward  the  center,  and  blend  with  the  circular  fibers  near  the 
margin  of  the  pupil. 

ANTERIOR  CiUARV  ART  CRIES 


C  N  O  AO  IQ 


LONG.  CILIA** 
*  ARTIRY 


ANTrRIOR  Cl UAH’*  ARTCAItA 

Fig.  S97  —  Iris,  front  view. 


4.  The  posterior  surface  of  the  iris  is  of  a  deep  purple  tint,  being  covered  by  two  layers  of 
pigmented  columnar  epithelium,  continuous  at  the  periphery  of  the  iris  with  the  par*  riliaris 
retinae.  This  pigmented  epithelium  is  named  the  pars  iridica  retinae,  or,  from  the  resemblance 
of  its  color  to  that  of  a  ripe  grape,  the  uvea. 

The  color  of  the  iris  is  produced  by  the  reflection  of  light  from  dark  pigment  cells  underlying 
a  translucent  tissue,  and  is  therefore  determined  by  the  amount  of  the  pigment  and  its  distribu¬ 
tion  throughout  the  texture  of  the  iris.  The  number  and  the  situation  of  the  pigment  cells  differ 
in  different  irides.  In  the  albino  pigment  is  absent;  in  the  various  shades  of  blue  eyes  the  pigment 
cells  are  confined  to  the  posterior  surface  of  the  iris,  whereas  in  gray,  brown,  and  black  eyes 
pigment  is  found  also  in  the  cells  of  the  stroma  and  in  those  of  the  endothelium  on  the  front  oi 
the  iris. 

The  iris  may  be  absent,  either  in  part  or  altogether  as  a  congenital  condition,  and  in  some 
instances  the  pupillary  membrane  may  remain  persistent,  though  it  is  rarely  eompleti*  Again, 
the  iris  may  be  the  seat  of  a  malformation,  termed  colobotna,  which  consists  in  a  deficiency  or 


M$|i 

L  k cT* jjv  d *« . » Ak 

L.  '  '  '  '-'  .•'*  - 


cleft  ,1’karty  duB  %  ^  gmu  HiHrife  of  ea#m  hr  %[\  iferi&tiptmtti':  Ip  these  citscs  the 

\7leff  Lm  ftouui  at  the  aspcci,  wvt<Hwii/ig  directly  tiowitw^rti  ih>m  flic  pupil,  and  the  gap 

frequeinly  BxtelidB  through  the  /-horoid  to  the  pants  opticus  in  ^ne  rarer  ejise.8  the  gap  if* 
iptapci  m  other  pans  of  tho  .lri^  and  not  then  with  urty  deficiency  pf  the  .c'lmroict 

V*ss*ls  And  i?CfctfetL—TW  &tter$es  o?  fch*  w*  derived  tlftm  tire  wral  author  ciliary 
arteri^  aiul  front  the  vi&g&te  tit  (Jit  Mi&ry  processes  f«*ee  p.  5 fa),  Each  pf  the  twW  l>Vhg  ciliary 
arteries,  haviug  reached  the  attache#  irihfgin  pf tho  in$} divides  into  tin  upper  t^nd  lower bran  eh, 
thesse.  Aiu^tov^ose  with  eon^poruling  hrYanlkt*  from -.the  oppi;»sItp  side  and  thus  encircle  the  iris;, 
into  this  yoietdar  eircle  (eitculus  n^brunut  ikdjof; \  the  amehor  ciliary  arteries  poiu*  their  hk.od. 
and  fronvit  \vt^eLV  tvpnver«t  to  tlue  free  'iris*  »n'4  there  comriumicfite  and  fctrnj  a: 

socontl  circle  (c/m4u*r  nrtfT%ofi'a$  rpintfr)  tf’igSi  897).  .  ...  \ 

The  mtves  ©?  the  choroid  and  iris  are  tlvo'km^  and  abort,  ciliary;  the  former  taing  branches 
of  the  na.sociliary  nerve,  the.  hit. tor  of  the  cdi/iry^  gnttgiipn,  They  pierce  the  sefora  around'- the 
entrance  of  the  optic  m*rv<a  tun  forward  in  the  perichoraidsi  spare,  vnxd  supply  ;tW  blood  vessels 
of  the  ehoroki  Affcpr  .rpa^sihg  the.  iris  they  form  a  plexus  around  heartache#  mnrgi py/rtAa  this 
are  derived  itoii-meduUuted  fiber*  w|weh  end  in  the  Sphtoc'tef  awti  $&vr  exact 

mode  of  termination  has  pot  bwnt  ascertained.  •  Oth^fihetB  frPrn  the  pit&iia  end ,  &  A. 
on  the  anterior  surface  of  xheiri^.  •  Theft  bers  derived  -through  the  motor  root  of  the  ciliary  ganglion 
from  the  oculomotor  nerve,  Kopjdy  1 h e  S pMn eter*  wl iiLe  tho*?pd eri v ed  Inm  i  frhe^npiJtliHicvsAtpjily 
the  DUaf  at  or.  .  .  .?  ■r'.  r  ‘  *  -. 

efcml  hi  Vk-  deliVate^ ::  Vascular 


M&mbrafia  Pupinam*  _  _ 

mcm!Khrvt%  th<?  menaferana  jmpijl&rls,  w  hich  divide^  •  tfe;%)^ce iti] which  ;*fre  iris  b 
suspend**}  hxko  Uvr>  <list  ifol;  elumiber^  Thv  v^ss^b  pf  rhb  raejnbr^e  «re  partly 
rlcrived  hfm  those  of  tlr^1-  of:  the  iris  iit»J  partly  fri^m  thp^  of  the  capsule 

of  the  hritrs;  they  have  a  looped  afrangemeiU,  dml  eouvergr  toward  each  other  with¬ 
out  armstomostiig.  About  the  sixth  month  the  membrane  begins  U*  dbappear 
by  Hlvsorpttoh  1‘eom  tiu*  ee liter  toward  fh^  circumference,  and  at  birth  c>nlyr  a  few 
fragments  are  present;  in  exceptional  eases  it  persist 


M  as  it  la  htf-v 


id  liiH  Kft«ri«M. 


Tfaft  v  d«,4)*  datik *it  t »' 


rtpi»<e»mi(.Tf  tiv»i 


Fi<j  Si«s  —  IuU-Tior  ,\f  p^terhu  l«*U  «»f  l»iO>  *t  ko.  r-p- 


The  Retina  {Utnifn.iutetrin).—’ Jlife  retina  i>  a  Udicatt;  nervous  memhnme,  >ipdn 
•wUicfi  the  imagt-s  »f  .external  object  arc  rwccjvetl.  U^-oMtcr  to  contact 

with  the  ehorokl;  its  hmer  with  tht-  h.vitl<)i<t  nH-ttfbrdn&bf  the  vitrec'tua  hwl.y,  Be- 
hir.d,  it  is  eoi>t.inu»*U3  with  the  optic  nerve;  it  unnhuily  •Jiroirnshes  in  tlnekn^s 
ftrw  I'-eh'md  forward,  amt  extends  nearly  «s  far  as  the  eiliary  hody,  where  it  appears 
to  end  in  a  kgged  margin, the  ora  serrata.  Here  the  tier*  -.uis  .i,s3«¥s -«f  the.  retina 
end  hut  a  thin  prolongation  of  .the  menibrane  extends  .forward  ov>t  rite  biiek.pt 
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the  ciliary  processes  and  iris,  forming  the  pars  ciliaris  retinae  and  pars  iridica  retinae 
already  referred  to.  This  forward  prolongation  consists  of  the  pigmentary  layer 
of  the  retina  together  with  a  stratum  of  columnar  epithelium.  The  retina  is  soft, 
semitransparent,  and  of  a  purple  tint  in  the  fresh  state,  owing  to  the  presence  of  a 
coloring  material  named  rhodopsin  or  visual  purple;  but  it  soon  becomes  clouded, 
opaque,  and  bleached  when  exposed  to  sunlight.  Exactly  in  the  center  of  the 
posterior  part  of  the  retina,  corresponding  to  the  axis  of  the  eye,  and  at  a  point 
in  which  the  sense  of  vision  is  most  perfect,  is  an  oval  yellowish  area,  the  macula 
lutea;  in  the  macula  is  a  central  depression,  the  fovea  centralis  (Fig.  898),  At  the 
fovea  centralis  the  retina  is  exceedingly  thin,  and  the  dark  color  of  the  choroid  is 
distinctly  seen  through  it.  About  3  min.  to  the  nasal  side  of  the  macula  lutie 
is  the  entrance  of  the  optic  nerve  ( optic  disk),  the  circumference  of  which  is  slightly 
raised  to  form  an  eminence  ( colliculus  nervi  optici)  (Fig.  899);  the  arteria  centralis 
retime  pierces  the  center  of  the  disk.  This  is  the  only  part,  of  the  surface  of  the 
retina  which  is  insensitive  to  light,  and  it  is  termed  the  blind  spot. 


fshrniiui  CWifsw/v#  Tf&m  opitni 

To**'-* 


Rrlirw 


Choroid 


pu»Ur<nr 
&K  'tri  ril in  \y . 
iti'i  rztud 

& 

Dial  ihcaih 

Ar<U'hi>M  , 
thcath 

Dural  itikM 


BuiitUaf  of  Cttdral  nrit.ry  and 

oplir  nerve.  t ‘tin  of  retina 

Fx«.  S99.— -Th«  terminal  portion  of  the  optic  nerve  and  its  entrance  into  the  eyeball,  in  horizontal  eection.  (ToUt) 


Structure  (Figs.  900,  901). — The  retina  consists  of  an  outer  pigmented  layer  and  an  inner 
nervous  Btratum  or  retina  proper. 

The  pigmented  layer  consists  of  a  single  stratum  of  cells.  When  viewed  from  the  outer  surface 
these  cells  are  smooth  and  hexagonal  in  shape;  when  seen  in  section  each  cell  consists  of  an  outer 
non-pigmented  part  containing  a  large  oval  nucleus  and  an  inner  pigmented  portion  which  extends 
as  a  series  of  straight  thread-like  processes  between  the  rods,  this  being  esjxx'ially  the  case  when 
the  eye  is  exposed  to  light.  In  the  eyes  of  albinos  the  cells  of  this  layer  are  destitute  of  pigment . 

Retina  Proper. — The  nervous  structures  of  the  retina  proper  are  supported  by  a  series  of  non- 
nervoiis  or  sustentacular  fibers,  and,  when  examined  microscopically  by  means  of  sect  ions  made 
perpendicularly  to  the  surface  of  the  retina,  are  found  to  consist  of  seven  layers,  named  from 
within  outward  as  follows: 

1.  Stratum  opticuin. 

2.  Ganglionic  layer. 

3.  Inner  plexiform  layer. 

4.  Inner  nuclear  layer,  or  layer  of  inner  granules. 

5.  Outer  plexiform  layer. 

6.  Outer  nuclear  layer,  or  layer  of  outer  granules. 

7.  Layer  of  rods  and  cones. 

1.  The  stratum  opticum  or  layer  of  nerve  fibers  is  formed  by  the  expansion  of  the  fibers  of  the 
optic  nerye;  it  is  thickest  near  the  porus  opticus,  gradually  diminishing  toward  the  ora  serrata. 
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As  the  nerve  fibers  pass  through  the  lamina  cribrosa  sclera*  they  lose  their  medullary  sheaths 
and  are  •continued  onward  through  the  choroid  and  retina  as  simple  axis-cylinders.  When  they 
reach  the  internal  surface  of  the  retina  they  radiate  from  their  point  of  entrance  over  this  sur¬ 
face  grouped  in  bundles,  and  in  many  places  arranged  in  plexuses.  Most  of  the  fibers  are 
centripetal,  and  are  the  direct  continuations  of  the  axis-cylinder  processes  of  the  cells  of  the 
ganglionic  layer,  but  a  few  of  them 
are  centrifugal  and  ramify  in  the 
inner  plexiform  and  inner  nuclear 
layers,  where  they  end  in  enlarged 
extremities. 

2.  The  ganglionic  layer  consists 
of  a  single  layer  of  large  ganglion 
cells,  except  in  the  macula  iutea, 
where  there  are  several  strata.  The 
cells  are  somewhat  flask-shaped;  the 
rounded  internal  surface  of  each 
testing  on  the  stratum  opticum,  and 
sending  off  an  axon  which  is  pro¬ 
longed  into  it.  From  the  opposite 
end  numerous  dendrites  extend  into 
the  inner  plexiform  layer,  where 
they  branch  and  form  flattened 
arborizations  at  different  levels. 

The  ganglion  cells  vary  much  in 
size,  and  the  dendrites  of  the  smaller  ones  as  a  rule  arborize  in  the  inner  plexiform  layer  as  soon 
as  they  enter  it;  while  those  of  the  larger  cells  ramify  close  to  the  inner  nuclear  layer. 

3.  The  inner  plexiform  layer  is  made  up  of  a  dense  reticulum  of  minute  fibrils  formed  by  the 
interlacement  of  the  dendrites  of  the  ganglion  cells  with  those  of  the  cells  of  the  inner  nuclear 
layer;  within  this  reticulum  a  few  branched  spongioblasts  are  sometimes  imbedded. 

fctta !«*»-»-  "-i  ,iMy  y  "  ; - - - ~~ - — - 

lypticum  **'  ) 

GangtuwM  (o)  f  + }  W  wk  v 


Memhrana  Hmitans 

inJ./un 
npricum 
Ganylumic  tay^r 


ht  fur  plexif<*rft*  byir 


1  «incr  nuclear  layer 


J0U&r.  plexifarnr  layer 


jOaiefr  nuclear  layer 
Memhrana  liwitatm 
-  *  rferr .  v 

Hli  Hrmil tli  iHW  of  roa'A  Qjut 

imiiii’Ynl  SiAull i ktAIh H HU  CMTifA 

Mipljllb  Uty^r 

f  jti.  v^WJv-^oction  of  rotm*.  (XfHgpt&ad;) 


Inner  % ifa&forw 
Uvjrr 

CerUnfa/jrU  fibre 


DlffuA*  tfmucrinC 
cell 


Jnnrr  nuclear 


4  vMctvne  cell* 


Fibre  of 
Outer  fikspifqrtn 

bpr 


Jhxl  <7 rantdf.'i 


Out?/  mucUar 
Uii/tf 


Cone  /jrvnuleA 


Mtrrtbrana 
XiirutMi*  tMtrryx 


Fxo.  901. — Plan  of  retinal  neurons.  (After  Cajal.) 


4.  The  inner  nuclear  layer  or  layer  of  inner  granules  is  made  up  of  a  number  of  closely  packed 
cells,  of  which  there  are  three  varieties,  viz.:  bipolar  cells,  horizontal  cells,  and  amacrine  cells. 

The  bipolar  cells,  by  far  the  most  numerous,  arc  round  or  oval  in  shape,  and  each  is  prolonged 
into  an  inner  and  an  outer  process.  They  are  divisible  into  rod  bipolars  and  cone  bipolars.  The 
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inner  processes  of  the  rod  bipol&rs  run  through  the  inner  plexiform  layer  and  arborize  around 
the  bodies  of  the  cells  of  the  ganglionic  layer;  their  outer  processes  end  in  the  outer  plexiform 
layer  in  tufts  of  fibrils  around  the  button-like  ends  of  the  inner  processes  of  the  rod  granules. 
The  inner  processes  of  the  con©  bipolar©  ramify  in  the  inner  plexiform  layer  in  contact  with  the 
dendrites  of  the  ganglionic  cells. 

The  horizontal  cells  lie  in  the  outer  part  of  the  inner  nuclear  layer  and  possess  somewhat 
flattened  ceil  bodies.  Their  dendrites  divide  into  numerous  branches  in  the  outer  plexiform 
layer,  while  their  axons  run  horizontally  for  some  distance  and  finally  ramify  in  the  same  layer. 

The  amacrine  cells  are  placed  in  the  inner  part  of  the  inner  nuclear  layer,  and  are  so  named 
because  they  have  not  yet  been  shown  to  possess  axis-cylinder  processes.  Their  dendrites  undergo 
extensive  ramification  in  the  inner  plexiform  layer. 

5.  The  outer  plexiform  layer  is  much  thinner  than  the  inner;  but,  like  it,  consists  of  a  dense 
net-work  of  minute  fibrils  derived  from  the  processes  of  the  horizontal  cells  of  the  preceding  layer, 
and  the  outer  processes  of  the  rod  and  cone  bipolar  granules,  which  ramify  in  it,  forming  arbonza- 
tions  around  the  enlarged  ends  of  the  rod  fibers  and  with  the  branched  foot  plates  of  the  cone 
fibers. 

6.  The  outer  nuclear  layer  or  layer  of  outer  granules,  like  the  inner  nuclear  layer,  contains 
several  strata  of  oval  nuclear  bodies;  they  are  of  two  kinds,  viz.:  rod  and  cone  granules,  so 
named  on  account  of  their  being  respectively  connected  with  the  rods  and  cones  of  the  next  layer. 
The  rod  granules  are  much  the  more  numerous,  and  are  placed  at  different  levels  throughout 
the  layer.  Their  nuclei  present  a  peculiar  cross-striped  appearance,  and  prolonged  from  either 
extremity  of  each  cell  is  a  fine  process;  the  outer  process  is  continuous  with  a  single  rod  of  the 
layer  of  rods  and  cones;  the  inner  ends  in  the  outer  plexiform  layer  in  an  enlarged  extremity,  and 
is  imbedded  in  the  tuft  into  which  the  outer  processes  of  the  rod  bipolar  cells  break  up.  In  its 
course  it  presents  numerous  varicosities.  The  cone  granules,  fewer  in  number  than  the  rod 
granules,  are  placed  close  to  the  membrana  limitans  externa,  through  which  they  are  continuous 
with  the  cones  of  the  layer  of  rods  and  cones.  They  do  not  present  any  cross-striation,  but  con¬ 
tain  a  pyriform  nucleus,  which  almost  completely  fills  the  cell.  From  the  inner  extremity  of  the 
granule  a  thick  process  passes  into  the  outer  plexiform  layer,  and  there  expands  into  a  pyramidal 
enlargement  or  foot  plate,  from  which  are  given  off  numerous  fine  fibrils,  that  come  in  contact 
with  the  outer  processes  of  the  cone  bipolars. 

7.  The  Layer  of  Rods  and  Cones  (Jacob* s  membrane). — The  elements  composing  this  layer  are 
of  two  kinds,  rods  and  cones,  the  former  being  much  more  numerous  than  the  latter  except  in 
the  macula  lutea.  The  rods  are  cylindrical,  of  nearly  uniform  thickness,  and  are  arranged  per¬ 
pendicularly  to  the  surface.  Each  rod  consists  of  two  segments,  an  outer  and  inner,  of  about 
equal  lengths.  The  segments  differ  from  each  other  as  regards  refraction  and  in  their  behavior 
toward  coloring  reagents;  the  inner  segment  is  stained  by  carmine,  iodine,  etc.;  the  outer  segment 
is  not  stained  by  these  reagents,  but  is  colored  yellowish  brown  by  osmic  acid.  The  outer  segment 
is  marked  by  transverse  striae,  and  tends  to  break  up  into  a  number  of  thin  disks  superimposed 
on  one  another;  it  also  exhibits  faint  longitudinal  markings.  The  deeper  part  of  the  inner  seg¬ 
ment  is  indistinctly  granular;  its  more  superficial  part  presents  a  longitudinal  striation,  being 
composed  of  fine,  bright,  highly  refracting  fibrils.  The  visual  purple  or  rhodopsin  is  found  only 
in  the  outer  segments. 

The  cones  are  conical  or  flask-shaped,  their  broad  ends  resting  upon  the  membrana  limitana 
externa,  the  narrow-pointed  extremity  being  turned  to  the  choroid.  Like  the  rods,  each  is  made 
up  of  two  segments,  outer  and  inner;  the  outer  segment  is  a  short  conical  process,  which,  like 
the  outer  segment  of  the  rod,  exhibits  transverse  striae.  The  inner  segment  resembles  the  inner 
segment  of  the  rods  in  structure,  presenting  a  superficial  striated  and  deep  granular  part,  but 
differs  from  it  in  size  and  shape,  being  bulged  out  laterally  and  flask-shaped.  The  chemical 
and  optical  characters  of  the  two  portions  are  identical  with  those  of  the  rods. 

Supporting  Frame-work  of  the  Retina. — The  nervous  layers  of  the  retina  are  connected  together 
by  a  supporting  frame-work,  formed  by  the  sustentacular  fibers  of  Muller;  these  fibers  pass 
through  all  the  nervous  layers,  except  that  of  the  rods  and  cones.  Each  begins  on  the  inner  surface 
of  the  retina  by  an  expanded,  often  forked  base,  which  sometimes  contains  a  spheroidal  body 
staining  deeply  with  hematoxylin,  the  edges  of  the  bases  of  adjoining  fibers  being  united  to  form 
the  membrana  limitans  interna.  As  the  fibers  pass  through  the  nerve  fiber  and  ganglionic  layers 
they  give  off  a  few  lateral  branches;  in  the  inner  nuclear  layer  they  give  off  numerous  lateral 
processes  for  the  support  of  the  bipolar  cells,  while  in  the  outer  nuclear  layer  they  form  a  net¬ 
work  around  the  rod-  and  cone-fibrils,  and  unite  to  form  the  membrana  limitans  externa  at  the 
bases  of  the  rods  and  cones.  At  the  level  of  the  inner  nuclear  layer  each  sustentacular  fiber 
contains  a  clear  oval  nucleus. 

Macula  Lutea  and  Fovea  Centralis. — In  the  macula  lutea  the  nerve  fibers  are  wanting  as  a 
continuous  layer,  the  ganglionic  layer  consists  of  several  strata  of  cells,  there  are  no  rods,  but 
only  cones,  which  are  longer  and  narrower  than  in  other  parts,  and  in  the  outer  nuclear  layer 
there  are  only  cone-granules,  the  processes  of  which  are  very  long  and  arranged  in  curved  lines. 
In  the  fovea  centralis  the  only  parts  present  are  (1)  the  cones;  (2)  the  outer  nuclear  layer,  the 
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cone-fibers  of  which  are  almost  horizontal  in  direction;  (3)  an  exceedingly  thin  inner  plexiform 
layer.  The  pigmented  layer  is  thicker  and  its  pigment  more  pronounced  than  elsewhere.  The 
color  of  the  macula  seems  to  imbue  all  the  layers  except  that  of  the  rods  and  cones;  it  is  of  a  rich 
yellow,  deepest  toward  the  center  of  the  macula,  and  does  not  appear  to  be  due  to  pigment  cells, 
but  simply  to  a  staining  of  the  constituent  parts. 

At  the  ora  sonata  the  nervous  layers  of  the  retina  end  abruptly,  and  the  retina  is  continued 
onward  as  a  single  layer  of  columnar  cells  covered  by  the  pigmented  layer.  This  double  layer  is 
known  as  the  pars  ciliaris  retinas,  and  can  be  traced  forward  from  the  ciliary  processes  on  to  the 
back  of  the  iris,  where  it  is  termed  the  pars  iridica  retinas  or  uvea. 

The  arteria  centralis  retinas  (Fig.  898)  and  its  accompanying  vein  pierce  the  optic  nerve,  and 
enter  the  bulb  of  the  eye  through  the  porus  opticus.  The  artery  immediately  bifurcates  into 
an  upper  and  a  lower  branch,  and  each  of  these  again  divides  into  a  medial  or  nasal  and  a  lateral 
or  temporal  branch,  which  at  first  run  between  the  hyaloid  membrane  and  the  nervous  layer; 
but  they  soon  enter  the  latter,  and  pass  forward,  dividing  dichotomously.  From  these  branches 
a  minute  capillary  plexus  is  given  off,  which  does  not  extend  beyond  the  inner  nuclear  layer. 
The  macula  receives  two  small  branches  (superior  and  inferior  macular  arteries)  from  the  tem¬ 
poral  branches  and  small  twigs  directly  from  the  central  artery;  these  do  not,  however,  reach 
as  far  as  the  fovea  centralis,  which  has  no  bloodvessels.  The  branches  of  the  arteria  centralis 
retinae  do  not  anastomose  with  each  other — in  other  words  they  are  terminal  arteries.  In  the 
fetus,  a  small  vessel,  the  arteria  hyaloidea,  passes  forward  as  a  continuation  of  the  arteria  centralis 
retinae  through  the  vitreous  humor  to  the  posterior  surface  of  the  capsule  of  the  lens. 


The  Refracting  Media. 

The  refracting  media  are  three,  viz. : 

Aqueous  humor.  Vitreous  body.  Crystalline  lens. 

The  Aqueous  Humor  ( humor  aqueus). — The  aqueous  humor  fills  the  anterior 
and  posterior  chambers  of  the  eyeball.  It  is  small  in  quantity,  has  an  alkaline 
reaction,  and  consists  mainly  of  water,  less  than  one-fiftieth  of  its  weight  being 
solid  matter,  chiefly  chloride  of  sodium. 

The  Vitreous  Body  (corpus  vitreum) . — The  vitreous  body  forms  about  four- 
fifths  of  the  bulb  of  the  eye.  It  fills  the  concavity  of  the  retina,  and  is  hollowed 
in  front,  forming  a  deep  concavity,  the  hyaloid  fossa,  for  the  reception  of  the  lens. 
It  is  transparent,  of  the  consistence  of  thin  jelly,  and  is  composed  of  an  albuminous 
fluid  enclosed  in  a  delicate  transparent  membrane,  the  hyaloid  membrane.  It  has 
been  supposed,  by  Hannover,  that  from  its  surface  numerous  thin  lamellae  are 
prolonged  inward  in  a  radiating  manner,  forming  spaces  in  which  the  fluid  is  con¬ 
tained.  In  the  adult,  these  lamellae  cannot.be  detected  even  after  careful  micro¬ 
scopic  examination  in  the  fresh  state,  but  in  preparations  hardened  in  weak  chromic 
acid  it  is  possible  to  make  out  a  distinct  lamellation  at  the  periphery  of  the  body. 
In  the  center  of  the  vitreous  body,  running  from  the  entrance  of  the  optic  nerve 
to  the  posterior  surface  of  the  lens,  is  a  canal,  the  hyaloid  canal,  filled  with  lymph 
and  lined  by  a  prolongation  of  the  hyaloid  membrane.  This  canal,  in  the  embryonic 
vitreous  body,  conveyed  the  arteria  hyaloidea  from  the  central  artery  of  the  retina 
to  the  back  of  the  lens.  The  fluid  from  the  vitreous  body  is  nearly  pure  water;  it 
contains,  however,  some  salts,  and  a  little  albumin. 

The  hyaloid  membrane  envelopes  the  vitreous  body.  The  portion  in  front  of  the 
ora  serrata  is  thickened  by  the  accession  of  radial  fibers  and  is  termed  the  zonula 
ciliaris  (zonule  of  Zinn).  Here  it  presents  a  series  of  radially  arranged  furrows, 
in  which  the  ciliary  processes  are  accommodated  and  to  which  they  adhere,  as  is 
shown  by  the  fact  that  when  they  are  removed  some  of  their  pigment  remains 
attached  to  the  zonula.  The  zonula  ciliaris  splits  into  two  layers,  one  of  which 
is  thin  and  lines  the  hyaloid  fossa;  the  other  is  named  the  suspensory  ligament 
of  the  lens:  it  is  thicker,  and  passes  over  the  ciliary  body  to  be  attached  to  the  cap¬ 
sule  of  the  lens  a  short  distance  in  front  of  its  equator.  Scattered  and  delicate 
fibers  are  also  attached  to  the  region  of  the  equator  itself.  This  ligament  retains 
the  lens  in  position,  and  is  relaxed  by  the  contraction  of  the  meridional  fibers  of 

the  Ciliaris  muscle,  so  that  the  lens  is  allowed  to  become  more  convex.  Behind 
65 
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the  suspensory  ligament  there  is  a  sacculated  canal,  the  spatia  aonolaria  (canal 
of  PciU),  which  encircles  the  equator  of  the  lens;  it  can  be  easily  inflated  through 
a  fine  blowpipe  inserted  under  the  suspensory  ligament. 

No  bloodvessels  penetrate  the  vitreous  body,  so  that  its  nutrition  must,  be  carried 
on  by  vessels  of  the  retina  and  ciliary  processes,  situatetlnpon  itsexterior. 
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The  crystalline  lens,  enclosed!  in  its 


capsule,  is  situated  immediately  behind  the  iris,  in  front  of  the  vitreous  body, 
and  encircled  by  the  ciliary  processes,  which  slightly  overlap  its  margin. 

The  capsule  of  the  lens  (cap-wlo.  h  in  transparent,  structureless  membrane 

which  closely  surrounds  the  lens,  and  is  thicker  in  front  than  behind.  It  is  brittle 
but  highly  elastic,  and  when  ruptured  the  edges  roll  tip  with  the  outer  surface 
innermost.  Jt  rests,  behind,  in  the  hyaloid  fossa  in  the  forepart  of  the  vitreous 
body;  in  front,  it  is  in  couplet  with  the  free  border  of  the  iris,  but  recedes  from  it 
at  the  circumference,  thus  forming  'the  posterior  chamber  of  the  eye;  it  is  retained 
in  its  position  chiefly  by  the  su^pe«s«w.v  ligament  of  the  iemt.  already  described,' 

The  lens  is -a' transparent,  hie.  *n  vex  hotly,  the  convexity'  of  its  anterior  being 
less  than  that  of  its  posterior  surface.  The  yeqtrar  p»>mt5  of  these  surfaces  fire 
ternuri  respectively  the  anterior  and  posterior  poles;  a  tine  connecting  the  pole* 
fonstittites  the  axis  of  fhe  lcns,  while,  the  marginal  cirtuHiferente  is  termed  the 
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la  th$  the  kns  is  new ly  spherical,  and  haa  ikjaUghrJy  reddish  tint:  if-  u  sokand.ln^'- 

down  readily  m  the  ppesaiire^  A‘  itofl  branch  from  the  arteria  teuraiia  reima'  nut? 

forward,  us  already . .mou i ,  through  the  vitreous  Wtyyo'  t,h.e  posterior  pm  of 
of  the  leas,  --whef e:  jita  r-a<  loite  aml  ihvm  a  plexifdnb  uet work*  which  coycjw  the  pi*t«iar 

mxfA\  *  of  the  cafkufo*  and  they  at**  eqot  iftttoaa  around  the  margin  of  the  capsule  frith- ike  v^U 
of  tlm  pupillary  rhenthran^  &u»j  with.  those  of  the  irk,  Xc  Tfc*  Adult,  the  lew*  is  calorie*,  iran*- 
p&rent,  firm  in.  texture,  ami  devoid  of  vtsSp^fei  In  aid  &g&  -it Noises  flutteriprl  tm  fjoth-  sucbas 
slightly  opfidik,  of  an  umbor  tint,  hud  intrreast^  in  density  (Fig:  *j03i 
Vasssls  and  Serves.— The  arteries  of  the bulb  of  the  are  the  Jong,  »hoU,  and  aa*«n6r 
dli&ry  arteries,  and  the  arteria >teott^lia  reUtia^  They  h&ve  alro/rdy  l>etwi  ^ ft  &5' 

The  eiiiAp?  are  seen  on  the'^d.ter'.duri;ace  of  tWriioroid,  and  .are  m\uwv.{,  from  ih«ran*&i* 

r.-  -14.  f  -Ijf.x  %  Vr>  *  r'„  .■fr/jiw  t )  «i.  i  *i  i  V  1  iv  * 


as*0iiipautw  the  anterior  ciliary  arteries.  All  of  these  veins  bpea  itifu  tiip  o^feihalnnc  vein: 
'file  sUiAty  serves  are  derived  from  the  nasociliary  nerve  and  from  the  ciliary  giiastfioe. 

The  Accessory  Organs  of  the  Eye  (Organa  Gcuti  Accessory 

The  8«.Y'ssorj’  organs  of  the  eye  include  the  ocular  snusetes,  the  fascia,  the  «y«* 
brows,  the  eyelids,  the ‘conjmictlya,  and  the  lacrimal  apparatus. 

The  Ocular  Muscles  (mincuti  wm)\— The  ocular  autsdes  are  the: 

Levator  palpebne  supemns.- '  Rectus  mctii&Us. 

Rectus  superior  r  ;  -Rectus'  lateralb. 

Rectus  inferior.  Ohliquus  superior. 

Ohliquus  inferior. 


Ttwl'/tk  rtf  O^Uqumf xupYfior 
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.  tty#'#*',  $y*  1  -  .  •  *  -vy/y  \ 

Fit?  Mv.iT— «5F'til\i*ri  t>T  •riistj.t  . 


TheXevator  patpebr®  superioris  (Fig.  ,  9flv.fi  te  thin,  ; in  A\\kp?: 

It  at&ea  .frrim  tho  timli5r  surface  of  the  small  wing  of  the  m\  fa  • 

front  of  the  optic  foramen,  from  which  it  is  separated  by  the  origin  m  Bp® 
5wt^rfor,  At  its  origin,  k  is  imrrciw  .and  tendinous,  but  h.N^i  ^  ‘ 

fleshy  ?  ami.  cuds  anterioriy  hi  a  wide  ajxmeurosis  >vhieh  splits  into  thttc 
T^i^sijXJetfleiHl  Ituiielln  bkmls  with  the  upper  part  of  the  orbital  septum* 

^rtg^i  '.fon^arii  khixe  |Iie:  ^‘u.i>erio.r . tarsu^-to  the  palpebral  part  of  llic  (Mituk^ 
ocufi,  wd  to  the;i§e<;p >0^1^ of'th^ldn  of  the  upper  eyelid.  The- middle  laieriii 
largely  made  up  of  nim^mperl  museidar  fibers,  is  i inerted  into  the  iipi»er  rnu~; 
of  the  superior  tarsus-  while  the  deepest  lamella  blends. with  an.  expansion 
the  sheath  of  the  Keetu:-  superior  and  with  it  is  attiiduxl  to  the  superior  h»n.a 
of  tJ»^ Tonjunytiva.  '  y  ,;  ,  ',  *  'f 


1029 


THE  ACCESSORY  ORGANS  OF  THE  EYE 

Whitnall1  h?ts  pointed  out  that  the  upper  part  of  the  sheath  of  the  Levator  palpebra*  becomes 
thickened  in  front  and  forms,  above  the  anterior  part  of  the  muscle,  a  transverse  ligamentous 
band  which  is  attached  to  the  sides  of  the  orbital  cavity.  On  the  medial  side  it  is  mainly  fixed 
to  the  pulley  of  the  Obliquua  superior,  but  some  fibers  are  attached  to  the  bone  behind  the  pulley 
and  a  slip  passes  forward  and  bridges  over  the  supraorbital  notch;  on  the  lateral  side  it  is  fixed 
to  the  capsule  of  the  lacrimal  gland  and  to  the  frontal  bone.  In  front  of  the  transverse  ligament¬ 
ous  band  the  sheath  is  continued  over  the  aponeurosis  of  the  Levator  palpebne,  as  a  thin  con¬ 
nective-tissue  layer  which  is  fixed  to  the  upper  orbital  margin  immediatly  behind  the  attach¬ 
ment  of  the  orbital  septum.  When  the  Levator  palpebne  contracts,  the  lateral  and  medial  parts 
of  the  ligamentous  band  are  stretched  and  check  the  action  of  the  muscle;  the.  retraction  of  the 
upper  eyelid  is  cheeked  also  by  the  orbital  septum  coming  into  contact  with  the  transverse  part 
of  the  ligamentous  band. 


The  four  Recti  (Fig.  908)  arise  from  a  fibrous  ring  ( a n mi l us  tend imms  cominun is) 
which  surrounds  the  upper,  medial,  and  lower  margins  of  the  optic  foramen  and 
encircles  the  optic  nerve  (Fig.  909).  The  ring  is  completed  by  a  tendinous  bridge 
prolonged  over  the  lower  and  medial  part  of  the  superior  orbi  tal  fissure  and  attached 
to  a  tubercle  on  the  margin  of  the  great  wing  of  the  sphenoid,  bounding  the  fissure. 
Two  specialized  parts  of  this  fibrous  ring  may  be  made  out:  a  lower,  the  ligament 
or  tendon  of  Zinn,  which  gives  origin  to  the  Rectus  inferior,  part  of  the  Rectus  in¬ 
terims,  and  the  lower  head  of  origin  of  the  Rectus  lateralis;  and  an  upper,  which 
gives  origin  to  the  Rectus  superior,  the  rest  of  the  Rectus  niedialis,  and  the  upper 
head  of  the  Rectus  lateralis.  This  upper  band  is  sometimes  termed  the  superior 
tendon  of  Lockwood.  Each  muscle  passes  forward  in  the  position  implied  by  its 
name,  to  be  inserted  by  a  tendinous  expansion  into  the  sclera,  about  6  mm.  from  the 
margin  of  the  cornea.  Between  the  two  heads  of  the  Rectus  lateralis  is  a  narrow 
interval,  through  which  pass  the  two  divisions  of  the  oculomotor  nerve,  the  naso¬ 
ciliary  nerve,  the  abducent  nerve,  and  the  ophthalmic  vein.  Although  these 
muscles  present  a  common  origin  and  are  inserted  in  a  similar  manner  into  the 
sclera,  there  are  certain  differences  to  be  observed  in  them  as  regards  their  length 
and  breadth.  The  Rectus  medialis  is  the  broadest,  the  Rectus  lateralis  the  longest, 
and  the  Rectus  superior  the  thinnest  and  narrowest. 

The  Obliquus  oeuli  superior  (superior  oblique)  is  a  fusiform  muscle,  placed  at  the 
upper  and  medial  side  of  the  orbit.  It  arises  immediately  above  the  margin  of  the 
optic  foramen,  above  and  medial  to  the  origin  of  the  Rectus  superior,  and,  passing 
forward,  ends  in  a  rounded  tendon,  which  plays  in  a  fibrocartilaginous  ring  or  pulley 
attached  to  the  trochlear  fovea  of  the  frontal  bone.  The  contiguous  surfaces  of 
the  tendon  and  ring  arc  lined  by  a  delicate  mucous  sheath,  and  enclosed  in  a  thin 

1  Journal  of  Anatomy  and  Physiology,  vol.  45. 


1030  ORGANS  OF  THE  SENSES  AND  THE  COMMON  INTEGUMENT 


fibrous  investment.  The  tendon  is  reflected  backward,  lateralward,  and  downward 
beneath  the  Rectus  superior  to  the  lateral  part  of  the  bulb  of  the  eye,  and  is  inserted 
into  the  sclera,  behind  the  equator  of  the  eyeball,  the  insertion  of  the  muscle  lying 
between  the  Rectus  superior  and  Rectus  lateralis. 

The  Obliquus  oculi  inferior  ( inferior  oblique)  is  a  thin,  narrow  muscle,  placed  near 
the  anterior  margin  of  the  floor  of  the  orbit.  It  arises  from  the  orbital  surface  of 
the  maxilla,  lateral  to  the  lacrimal  groove.  Passing  lateralward,  backward,  and 
upward,  at  first  between  the  Rectus  inferior  and  the  floor  of  the  orbit,  and  then 
between  the  bulb  of  the  eye  and  the  Rectus  lateralis,  it  is  inserted  into  the  lateral 
part  of  the  sclera  between  the  Rectus  superior  and  Rectus  lateralis,  near  to,  but 
somewhat  behind  the  insertion  of  the  Obliquus  superior. 


Premia!  nerve 

Sup .  ramu*  of  oenlfMOUtt  rtte 

Sup.  orkit'il  fUsure  \ 

La?  fiti 


Levator  jtalpebras  super. 

t  N(tA miliary  riefa? 
t  TnxhUor 
I  i  TrochUyi  ■■ 


Abducent  nerve 


Inf .  ramus  of  xul-arnotor  Inf ,  orbital 
iwr»k 


Oj&ic  for'inui'ik 

Fia.  000.. — Distortion  showing  origins  of  right  ocular  muwles,  and  uervo*  entering  by  the  superior  orbits! 


Nerves.— The  Levator  palpebrte  superior  is,  Obliquus  inferior,  and  the  Recti  superior  inferior, 
one!  medialis  are  supplied  by  the  oculomotor  nerve;  the  Obliquus  superior,  by  the  trochlea 
nerve;  the  Rectus  lateralis,  by  the  abducent  nerve. 

Actions. — The  Levator  palpebiu*  raises  the  upper  eyelid,  and  is  the  direct  antagonist  of  the 
Orbicularis  oculi.  The  four  Recti  are  attached  to  the  bulb  of  the  eye  in  such  &  manner  that 
acting  singly,  they  will  turn  its  corneal  surface  either  upward,  downward,  medial  ward,  or  lateral- 
ward,  as  expressed  by  their  names.  The  movement  produced  by  the  Rectus  superior  or  Keen* 
inferior  is  not  quite  a  simple  one,  for  inasmuch  as  each  passes  obliquely  lateralward  and  forward 
to  the  bulb  of  the  eye,  the  elev  ation  or  depression  of  the  cornea  is  accompanied  by  a  certain 
deviation  mediahvard,  with  a  slight  amount  of  rotation.  These  latter  movements  are  corrected 
by  the  Obliqui,  the  Obliquus  inferior  correcting  the  medial  deviation  caused  by  the  Reptus  superior 
and  the  Obliquus  superior  that  caused  by  the  Rectus  inferior.  The  contraction  of  the  Rectus 
lateralis  or  Rectus  medialis,  on  the  other  hand,  produces  a  purely  horizontal  movement.  If  any 
two  neighboring  Recti  of  one  eye  act  together  they  carry  the  globe  of  the  eye  in  the  diagonal  ol 
these  directions,  viz.,  upward  and  rnedialward,  upward  and  lateralward,  downward  and  medial- 
ward,  or  downward  and  lateralward.  Sometimes  the  corresponding  Recti  of  the  two  eyes  act 
in  unison,  and  at  other  times  the  opposite  Recti  act  together.  Thus,  in  turning  the  eyes  to  t be 
right,  the  Rectus  lateralis  of  the  right  eye  will  act  in  unison  with  the  Rectus  medialis  of  the  left 
eye;  but  if  both  eyes  are  directed  to  an  object  in  the  middle  line  at  a  short  distance,  the  two  Recti 
inediales  will  act  in  unison.  The  movement  of  circumduction,  as  in  looking  around  a  room,  is 
performed  by  the  successive  actions  of  the  four  Recti.  The  Obliqui  rotate  the  eyeball  on  its 
anteroposterior  axis,  the  superior  directing  the  cornea  downward  and  lateralward,  aud  the 
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inferior  directing  it  upward  and  lateral  ward ;  these  movements  are  required  for  the  correct  viewing 
of  an  object  when  the  head  is  moved  laterally,  as  from  shoulder  to  shoulder,  in  order  that  the 
picture  may  fall  in  ah  respects  on  the  same  part  of  the  retina  of  either  eye. 

A  layer  of  non-st  riped  muscle,  the  Orbitaiis  muscle  of  H.  Muller,  may  be  seen 
bridging  across  the  inferior  orbital  fissure. 


Optic  mm 


C&riiM 

‘Superior  tarsus 


Fascia  bulbi 


I vj trior  tarsus 


Fi«>.  DtO.—The  right  eyo  in  aagittal  section,  showing  the  fascia  buibi  (*emi«liagrammatic)  (Teatut.) 


The  Fascia  Bulb  (capsule  of  Tenon)  (Fig.  910)  is  a  thin  membrane  which  envelops 
the  bulb  of  the  eye  from  the  optic  nerve  to  the  ciliary  region,  separating  it  from 
the  orbital  fat  and  forming  a  socket  in  which  it  plays.  Its  inner  surface  is  smooth, 
and  is  separated  from  the  outer  surface  of  the  sclera  by  the  periscleral  lymph  space. 
This  lymph  space  is  continuous  with  the  subdural  and  subarachnoid  cavities, 
and  is  traversed  by  delicate  hands  of  connective  tissue  which  extend  between  the 
fascia  and  the  sclera.  The  fascia  is  perforated  behind  by  the  ciliary  vessels  and 
nerves,  and  fuses  with  the  sheath  of  the  optic  nerve  and  with  the  sclera  around  the 
entrance  of  the  optic  nerve.  In  front  it  blends  with  the  ocular  conjunctiva,  and 
with  it  is  attached  to  the  ciliary  region  of  the  eyeball.  It  is  perforated  by  the 
tendons  of  the  ocular  muscles,  and  is  reflected  backward  on  each  as  a  tubular 
sheath.  The  sheath  of  the  Obliquus  superior  is  carried  as  far  as  the  fibrous  pulley 
of  that  muscle;  that  on  the  Obliquus  inferior  reaches  as  far  as  the  floor  of  the 
orbit,  to  w  hich  it  gives  off  a  slip.  The  sheaths  on  the  Recti  are  gradually  lost  in 
the  perimysium,  but  they  give  off  important  expansions.  The  expansion  from  the 
Rectus  superior  blends  with  the  tendon  of  the  Levator  palpebne;  that  of  the 
Rectus  inferior  is  attached  to  the  inferior  tarsus.  The  expansions  from  the  sheaths 
of  the  Recti  lateralis  and  medialis  are  strong,  especially  that  from  the  latter  muscle, 
and  are  attached  to  the  lacrimal  and  zygomatic  bones  respectively.  As  they  prob¬ 
ably  check  the  actions  of  these  two  Recti  they  have  been  named  the  medial  and 
lateral  check  ligaments.  Lockwood  has  described  a  thickening  of  the  lower  part 
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of  the  facia  bulbi,  which  he  has  named  the  suspensory  ligament  of  the  eye.  It  is 
slung  like  a  hammock  below  the  eyeball,  being  expanded  in  the  center,  and  narrow 
at  its  extremities  which  are  attached  to  the  zygomatic  and  lacrimal  bones 
respectively.1 

The  Orbital  Fascia  forms  the  periosteum  of  the  orbit.  It  is  loosely  connected 
to  the  bones  and  can  be  readily  separated  from  them.  Behind,  it  is  united  with 
the  dura  mater  by  processes  which  pass  through  the  optic  foramen  and  superior 
orbital  fissure,  and  with  the  sheath  of  the  optic  nerve.  In  front,  it  is  connected 
with  the  periosteum  at  the  margin  of  the  orbit,  and  sends  off  a  process  which 
assists  in  forming  the  orbital  septum.  From  it  two  processes  are  given  off ;  one  to 
enclose  the  lacrimal  gland,  the  other  to  hold  the  pulley  of  the  Obliquus  superior  in 
position . 

The  Eyebrows  ( supercilia )  are  two  arched  eminences  of  integument,  which  sur¬ 
mount  the  upper  circumference  of  the  orbits,  and  support  numerous  short,  thick 
hairs,  directed  obliquely  on  the  surface.  The  eyebrows  consist  of  thickened  integu¬ 
ment,  connected  beneath  with  the  Orbicularis  oculi,  Corrugator,  and  Frontalis 
muscles. 

The  Eyelids  ( palpebrae )  are  two  thin,  movable  folds,  placed  in  front  of  the  eye, 
protecting  it  from  injury  by  their  closure.  The  upper  eyelid  is  the  larger,  and  the 
more  movable  of  the  two,  and  is  furnished  with  an  elevator  muscle,  the  Levator 
palpebrae  superioris.  When  the  eyelids  are  open,  an  elliptical  space,  the  palpebral 
fissure  ( rima  palpebrarum ),  is  left  between  their  margins,  the  angles  of  which  corre¬ 
spond  to  the  junctions  of  the  upper  and  lower  eyelids,  and  are  called  the  palpebral 
commissures  or  canthi. 

The  lateral  palpebral  commissure  ( commissura  palpebrarum  lateralis;  external 
canthus)  is  more  acute  than  the  medial,  and  the  eyelids  here  lie  in  close  contact 
with  the  bulb  of  the  eye:  but  the  medial  palpebral  commissure  {commissura 
palpebrarum  medialis;  internal  canthus)  is  prolonged  for  a  short  distance  tow  ard  the 
nose,  and  the  two  eyelids  are  separated  by  a  triangular  space,  the  lacus  iacrimalis 
(Fig.  911).  At  the  basal  angles  of  the  lacus  Iacrimalis,  on  the  margin  of  each 
eyelid,  is  a  small  conical  elevation,  the  lacrimal  papilla,  the  apex  of  which  is  pierced 
by  a  small  orifice,  the  punctum  lacrimale,  the  commencement  of  the  lacrimal  duct. 

The  eyelashes  {cilia)  are  attached  to  the  free  edges  of  the  eyelids;  they  are  short, 
thick,  curved  hairs,  arranged  in  a  double  or  triple  row:  those  of  the  upper  eyelid, 
more  numerous  and  longer  than  those  of  the  lower,  curve  upward;  those  of  the  lower 
eyelid  curve  downward,  so  that  they  do  not  interlace  in  closing  the  lids.  Near 
the  attachment  of  the  eyelashes  are  the  openings  of  a  number  of  glands,  the  ciliary 
glands,  arranged  in  several  rows  close  to  the  free  margin  of  the  lid;  they  are  regarded 
as  enlarged  and  modified  sudoriferous  glands. 

Structure  of  the  Eyelids. — The  eyelids  are  composed  of  the  following  structures  taken  in  their 
order  from  without  inwrard:  integument,  areolar  tissue,  fibers  of  the  Orbicularis  oculi,  tarsus, 
orbital  septum,  tarsal  glands  and  conjunctiva.  The  upper  eyelid  has,  in  addition,  the  aponeu¬ 
rosis  of  the  Levator  palpebrae  superioris  (Fig.  912). 

The  integument  is  extremely  thin,  and  continuous  at  the  margins  of  the  eyelids  with  the  con¬ 
junctiva. 

The  subcutaneous  areolar  tissue  is  very  lax  and  delicate,  and  seldom  contains  any  fat. 

The  palpebral  fibers  of  the  Orbicularis  oculi  are  thin,  pale  in  color,  and  possess  an  involuntary 
action. 

The  tarsi  ( tarsal  plates)  (Fig.  913)  are  two  thin,  elongated  plates  of  dense  connective  tissue, 
about  2.5  cm.  in  length;  one  is  placed  in  each  eyelid,  and  contributes  to  its  form  and  support. 
The  superior  tarsus  {tarsus  superior;  superior  tarsal  plate) ,  the  larger,  is  of  a  semilunar  form,  about 
10  mm.  in  breadth  at  the  center,  and  gradually  narrowing  toward  its  extremities.  To  the 
anterior  surface  of  this  plate  the  aponeurosis  of  the  Levator  palpebrae  superioris  is  attached.  The 
inferior  tarsus  {tarsus  inferior ;  inferior  tarsal  plate)i  the  smaller,  is  thin,  elliptical  in  form,  and 
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In  and  near  the  fornices,  but  more  plentiful  in  the  upper  than  in  the  lower  eyelid, 
a  number  of  convoluted  tubular  glands  open  on  the  surface  of  the  conjunctiva. 
Other  glands,  analogous  to  lymphoid  follicles,  and  called  by  Henle  trachoma  glands, 
are  found  in  the  conjunctiva,  and,  according  to  Strohmeyer,  are  chiefly  situated 
near  the  medial  palpebral  commissure.  They  were  first  described  by  Brush,  in 
his  description  of  Peyer’s  patches  of  the  small  intestine,  as  “identical  structures 
existing  in  the  under  eyelid  of  the  ox.” 

The  caruncnla  lacrimalis  is  a  small,  reddish,  conical-shaped  body,  situated  at 
the  medial  palpebral  commissure,  and  filling  up  the  lacus  lacrimalis.  It  consists 
of  a  small  island  of  skin  containing  sebaceous  and  sudoriferous  glands,  and  is  the 
source  of  the  whitish  secretion  which  constantly  collects  in  this  region.  A  few 
slender  hairs  are  attached  to  its  surface.  Lateral  to  the  caruncula  is  a  slight  semi¬ 
lunar  fold  of  conjunctiva,  the  concavity  of  which  is  directed  toward  the  cornea; 
it  is  called  the  plica  semilunaris.  Muller  found  smooth  muscular  fibers  in  this  fold; 
in  some  of  the  domesticated  animals  it  contains  a  thin  plate  of  cartilage. 

The  nerves  in  the  conjunctiva  are  numerous  and  form  rich  plexuses.  According 
to  Krause  they  terminate  in  a  peculiar  form  of  tactile  corpuscle,  which  he  terms 
“terminal  bulb.” 

The  Lacrimal  Apparatus  (apparatus  lacrimalis)  (Fig.  915)  consists  of  (a)  the 
lacrimal  gland,  which  secretes  the  tears,  and  its  excretory  ducts,  which  convey  the 
fluid  to  the  surface  of  the  eye;  ( b )  the  lacrimal  ducts,  the  lacrimal  sac,  and  the  naso¬ 
lacrimal  duct,  by  which  the  fluid  is  conveyed  into  the  cavity  of  the  nose. 


Fio.  915. — The  lacrimal  apparatus.  Right  side. 


The  Lacrimal  Gland  (glandula  lacrimalis). — The  lacrimal  gland  is  lodged  in  the 
lacrimal  fossa,  on  the  medial  side  of  the  zygomatic  process  of  the  frontal  bone. 
It  is  of  an  oval  form,  about  the  size  and  shape  of  an  almond,  and  consists  of  two 
portions,  described  as  the  superior  and  inferior  lacrimal  glands.  The  superior 
lacrimal  gland  is  connected  to  the  periosteum  of  the  orbit  by  a  few  fibrous  bands, 
and  rests  upon  the  tendons  of  the  Recti  superioris  and  lateralis,  which  separate  it 
from  the  bulb  of  the  eye.  The  inferior  lacrimal  gland  is  separated  from  the  superior 
by  a  fibrous  septum,  and  projects  into  the  back  part  of  the  upper  eyelid,  where 
its  deep  surface  is  related  to  the  conjunctiva.  The  ducts  of  the  glands,  from  six 
to  twelve  in  number,  run  obliquely  beneath  the  conjunctiva  for  a  short  distance, 
and  open  along  the  upper  and  lateral  half  of  the  superior  conjunctival  fornix. 

Structures  of  the  Lacrimal  Gland. — In  structure  and  general  appearance  the  lacrimal  resembles 
the  serous  salivary  glands  (p.  1145).  In  the  recent  state  the  cells  are  so  crowded  with  granules 
that  their  limits  can  hardly  be  defined.  They  contain  oval  nuclei,  and  the  cell  protoplasm  is 
finely  fibrillated. 
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The  Lacrimal  Ducts  (dttHii*  Iwrhmlw  twriml  wusl*)  The  lacrimal  ducts,  one 
in  each  eyelid,  commence  at  minute  orifices,  termed  ipuneta  Uerimalia,  on  the 
summits  of  the  papilire  lacrtaales  seen  on  the  margins  of  tjie  lids  at  the  lateral 
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extremity  of  the  lacus  lacrimalis.  The  superior  duct,  the  smaller  and  shorter  of  the 
two,  at  first  ascends,  and  then  bends  at  an  acute  angle,  and  passes  medialward 
and  downward  to  the  lacrimal  sac.  The  inferior  duct  at  first  descends,  and  then 
runs  almost  horizontally  to  the  lacrimal  sac.  At  the  angles  they  are  dilated  into 
ampulla;  their  walls  are  dense  in  structure  and  their  mucous  lining  is  covered  by 
stratified  squamous  epithelium,  placed  on  a  basement  membrane.  Outside  the 
latter  is  a  layer  of  striped  muscle,  continuous  with  the  lacrimal  part  of  the  Orbic¬ 
ularis  oculi ;  at  the  base  of  each  lacrimal  papilla  the  muscular  fibers  are  circu¬ 
larly  arranged  and  form  a  kind  of  sphincter. 

The  Lacrimal  Sac  (« saccus  lacrimalis ). — The  lacrimal  sac  is  the  upper  dilated  end 
of  the  nasolacrimal  duct,  and  is  lodged  in  a  deep  groove  formed  by  the  lacrimal  bone 
and  frontal  process  of  the  maxilla.  It  is  oval  in  form  and  measures  from  12  to  15 
mm.  in  length;  its  upper  end  is  closed  and  rounded;  its  lower  is  continued  into  the 
nasolacrimal  duct.  Its  superficial  surface  is  covered  by  a  fibrous  expansion  derived 
from  the  medial  palpebral  ligament,  and  its  deep  surface  is  crossed  by  the  lacrimal 
part  of  the  Orbicularis  oculi  (page  380),  which  is  attached  to  the  crest  on  the 
lacrimal  bone. 

Structure. — The  lacrimal  sac  consists  of  a  fibrous  elastic  coat,  lined  internally  by  mucous 
membrane:  the  latter  is  continuous,  through  the  lacrimal  ducts,  with  the  conjunctiva,  and 
through  the  nasolacrimal  duct  with  the  mucous  membrane  of  the  nasal  cavity. 

The  Nasolacrimal  Duct  (< ductus  nasolacrimalis ;  nasal  duct). — The  nasolacrimal 
duct  is  a  membranous  canal,  about  18  mm.  in  length,  which  extends  from  the  lower 
part  of  the  lacrimal  sac  to  the  inferior  meatus  of  the  nose,  where  it  ends  by  a  some¬ 
what  expanded  orifice,  provided  with  an  imperfect  valve,  the  plica  lacrimalis 
(  Hasnert),  formed  by  a  fold  of  the  mucous  membrane.  It  is  contained  in  an  osseous 
canal,  formed  by  the  maxilla,  the  lacrimal  bone,  and  the  inferior  nasal  concha;  it 
is  narrower  in  the  middle  than  at  either  end,  and  is  directed  downward,  backward, 
and  a  little  laterahvard.  The  mucous  lining  of  the  lacrimal  sac  and  nasolacrimal 
duct  is  covered  wdth  columnar  epithelium,  which  in  places  is  ciliated. 


THE  ORGAN  OF  HEARING  (ORGANON  AUDITUS;  THE  EAR). 

The  ear,  or  organ  of  hearing,  is  divisible  into  three  parts:  the  external  ear,  the 
middle  ear  or  tympanic  cavity,  and  the  internal  ear  or  labyrinth. 


Cavity  of  hind-brain 


Notochord 


Fio.  918. — Section  through  the  head  of  a  human 
embryo,  about  twelve  days  old,  in  the  region  of  the 
hind-brain.  (Kollmann.) 
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Fig.  919. — Section  through  hind-brain  and  audi¬ 
tory  vesicles  of  an  embryo  more  advanced  than  that 
of  Fig.  918.  (After  His.) 


The  Development  of  the  Ear. — The  first  rudiment  of  the  internal  ear  appears 
shortly  after  that  of  the  eye,  in  the  form  of  a  patch  of  thickened  ectoderm,  the 
auditory  plate,  over  the  region  of  the  hind-brain.  The  auditory  plate  becomes 
depressed  and  converted  into  the  auditory  pit  (Fig.  918).  The  mouth  of  the  pit  is 
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then  closed,  acid  thtis  H^hutsac,  the;  auditory  vesicle*  is  farmed  (Fig.  01S);  ipStt it 
the  epithelial  lining  of  the  metobrannus  lab.vrinfli  is  derived.  The  vesicle  hetnm* 
pear-shaped,  anti  the  neck  of  the  ilask  .is  obliterated  (Fig,  020)  .  From  tlie  ts^f 
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certain  diverticula  are. gi  ven  otl  wh'irh  I'nrorrhe  various  parts  of  the  membranous 
labyrinth .  One  Irnpi  llic  Pikldlc  part  forms  the  diitlas  awlsaccusc/jdidjTn]diaticft', 
another  from  the  anterior  end  gradually  clongftt^.  rmi.d?  forming  a  tube  coiled  an 
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itself  ,  becomes  the  cochlear  duet,  jth»  vestibular  extremity  of  which  is  subsequently 
constricted  W  form  the.  canalis  reutiiens.  Three  others  appear  as  disk-like  ex-agi¬ 
nation*  on  the  surface  of  the  vesicle;  the  central  parts  of  the  walls  of  the  disks 
coalesce-  and.  disappear,  while  tlie  peripheral  portions  persist  to  form the  senii- 
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circular  ducts;  of  these  thh  superior  is  the  first  and  die  lateral  the  last  to  be  com¬ 
pleted  (  l*ig  b'2~},  The  ientrid  part  of  the  vesicle  represents  the  menibraiinus 
vestibule,  and  v  subdivided  %  A  constriction  into  a  smaller  ventral  part,  the 
saccule,  and  a  larger  dorsal  And  posterior  part,  the  utricle.  This  stthdivisiop  is 
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effected  by  &  .  fold  which  extends  deeply  into  the  pmximah  part  of  thwdacfii?. 
endolymphatk-ys.,  -with  the  result  that  the  utricle  and  aac$w)[c..'uft»«fp|  ||j§jj 
municate  with  efudi  other  liy  means  of  a  V-shaped  canal  The  saccule  vf^.v 
into  the  cochlear  duct,  through  the  eanaiis  reunions,  and  the  actmeireuiatl^^ 
communicate  with  the  utricle. 
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The  mesodermal  tissue  surrounding  the  various  parts  of  the  epithelial  kibyaf/d 
is  oonvcfiied  into  a  earlikgiftoih*  W>d  thirds  finally  ossified  to  form  yhe 

Irnny  labyrinth.  Between  the  tairtilsgioous  capsule  and  the  epithelial  struclinw 
is  a  stratum  of  mesodermal  tt^uc  w  hich  is  differentiated  into  three  layers,  yit. 
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an  outer.  forming  the  periostea!  lining  ot  the bony  labyrinth;  an  inner.'-iif  tlirect 
contact  with  the  epithelial •structures;  and  an  intermediate,  consisting  of 
tissues  tfe  ^tecirptian  of  this  latter  tksuc  the  perilymphatic  spaces  arc^Vrio^^ 


The  niodioiu^  and  osseous  spiral  bummi  of  the  cochlea  are  hot  preformed  in  rartflh 
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The  middle  ear  and  auditory  tube  are  developed  from  the  first  pharyngeal  pouch. 
The  entodermal  lining  of  the  dorsal  end  of  this  pouch  is  in  contact  with  the  ecto¬ 
derm  of  the  corresponding  pharyngeal  groove;  by  the  extension  of  the  mesoderm 
between  these  two  layers  the  tympanic  membrane  is  formed.  During  the  sixth  or 
seventh  month  the  tympanic  antrum  appears  as  an  upward  and  backward  expan¬ 
sion  of  the  tympanic  cavity.  With  regard  to  the  exact  mode  of  development 
of  the  ossicles  of  the  middle  ear  there  is  some  difference  of  opinion.  The  view 
generally  held  is  that  the  malleus  is  developed  from  the  proximal  end  of  the 
mandibular  (Meckel’s)  cartilage  (Fig.  42),  the  incus  in  the  proximal  end  of  the 
mandibular  arch,  and  that  the  stapes  is  formed  from  the  proximal  end  of  the  hyoid 
arch.  The  malleus,  with  the  exception  of  its  anterior  process  is  ossified  from  a  single 
center  which  appears  near  the  neck  of  the  bone;  the  anterior  process  is  ossified 
separately  in  membrane  and  joins  the  main  part  of  the  bone  about  the  sixth  month 
of  fetal  life.  The  incus  is  ossified  from  one  center  which  appears  in  the  upper 
part  of  its  long  crus  and  ultimately  extends  into  its  lenticular  process.  The 
stapes  first  appears  as  a  ring  ( annulus  stapedius)  encircling  a  small  vessel,  the  stape¬ 
dial  artery,  which  subsequently  undergoes  atrophy;  it  is  ossified  from  a  single 
center  which  appears  in  its  base. 

The  external  acoustic  meatus  is  developed  from  the  first  branchial  groove.  The 
lower  part  of  this  groove  extends  inward  as  a  funnel-shaped  tube  (primary  meatus) 
from  which  the  cartilaginous  portion  and  a  small  part  of  the  roof  of  the  osseous 
portion  of  the  meatus  are  developed.  From  the  lower  part  of  the  funnel-shaped 
tube  an  epithelial  lamina  extends  downward  and  inward  along  the  inferior  wall  of 
the  primitive  tympanic  cavity;  by  the  splitting  of  this  lamina  the  inner  part  of 
the  meatus  (secondary  meatus)  is  produced,  while  the  inner  portion  of  the  lamina 
forms  the  cutaneous  stratum  of  the  tympanic  membrane.  The  auricula  or  pinna 
is  developed  by  the  gradual  differentiation  of  tubercles  which  appear  around  the 
margin  of  the  first  branchial  groove.  The  rudiment  of  the  acoustic  nerve  appears 
about  the  end  of  the  third  week  as  a  group  of  ganglion  cells  closely  applied  to  the 
cephalic  edge  of  the  auditory  vesicle.  Whether  these  cells  are  derived  from  the 
ectoderm  adjoining  the  auditory  vesicle,  or  have  migrated  from  the  wall  of  the 
neural  tube,  is  as  yet  uncertain.  The  ganglion  gradually  splits  into  two  parts, 
the  vestibular  ganglion  and  the  spiral  ganglion.  The  peripheral  branches  of  the 
vestibular  ganglion  pass  in  two  divisions,  the  pars  superior  giving  rami  to  the 
superior  ampulla  of  the  superior  semicircular  duct,  to  the  lateral  ampulla  and  to 
the  utricle;  and  the  pars  inferior  giving  rami  to  the  saccule  and  the  posterior 
ampulla.  The  proximal  fibers  of  the  vestibular  ganglion  form  the  vestibular  nerve; 
the  proximal  fibers  of  the  spiral  ganglion  form  the  cochlear  nerve. 

The  External  Ear. 

The  external  ear  consists  of  the  expanded  portion  named  the  auricula  or  pinna, 
and  the  external  acoustic  meatus.  The  former  projects  from  the  side  of  the  head 
and  serves  to  collect  the  vibrations  of  the  air  by  which  sound  is  produced;  the  latter 
leads  inward  from  the  bottom  of  the  auricula  and  conducts  the  vibrations  to  the 
tympanic  cavity. 

The  Auricula  or  Pinna  (Fig.  924)  is  of  an  ovoid  form,  with  its  larger  end  directed 
upward.  Its  lateral  surface  is  irregularly  concave,  directed  slightly  forward,  and 
presents  numerous  eminences  and  depressions  to  which  names  have  been  assigned. 
The  prominent  rim  of  the  auricula  is  called  the  helix;  where  the  helix  turns  down¬ 
ward  behind,  a  small  tubercle,  the  auricular  tubercle  of  Darwin,  is  frequently  seen ;  this 
tubercle  is  very  evident  about  the  sixth  month  of  fetal  life  when  the  whole  auric¬ 
ula  has  a  close  resemblance  to  that  of  some  of  the  adult  monkeys.  Another 
curved  prominence,  parallel  with  and  in  front  of  the  helix,  is  called  the  antihelix; 
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muscle.  In  the  cartilage  of  the  auricula  are  two  fissures,  one  behind  the  crus  helicis  and  another 
in  t  he  tragus. 

The  ligaments  of  the  auricula  (Ugamenti  auricularia  [  Valmlva] ;  ligaments  of  the  pinna)  consist 
of  two  sets:  (1)  extrinsic,  connecting  it  to  the  side  of  the  head;  (2)  intrinsic,  connecting  various 
parts  of  its  cartilage  together. 

The  extrinsic  ligaments  are  two  in  number,  anterior  and  posterior  The  anterior  ligament 
extends  from  the  tragus  and  spina  helicis  to  the  root  of  the  zygomatic  process  of  the  temporal 
bone.  The posterior  ligament  passes  from  the  posterior  surface  of  the  concha  to  the  outer  surface 
of  the  mastoid  process. 

The  chief  intrinsic  ligaments  are:  (a)  a  strong  fibrous  band,  stretching  from  the  tragus  to  the 
commencement  of  the  helix,  convicting  the  meatus  in  front,  and  partly  encircling  the  boundary 
of  the  concha;  and  (h)  a  band  between  the  antihelix  and  the  cauda  helicis.  Other  less  important 
bandy  are  found  on  the  cranial  surface  of  the  pinna. 

The  muscles  of  the  auricula  (Fig.  920)  consist  of  two  sets:  (1)  the  extrinsic,  which  connect  it 
with  the  skull  and  scalp  and  move  the  auricula  as  a  whole;  and  (2)  the  intrinsic,  which  extend 
from  one  part  of  the  auricle  to  another. 

The  extrinsic  muscles  are  the  Auriculares  anterior,  superior,  and  posterior. 

The  Auricularis  anterior  ( Atirahen X 
aurem },  the  smallest  of  the  three,  is  thin, 
fan-shaped,  and  its  fibers  are  pale  and  in¬ 
distinct.  It  arises  from  the  lateral  edge 
of  the  galea  aponeurotica,  and  its  fibers 
converge  to  be  inserted  into  a  projection 
on  the  front  of  the  helix. 

The  Auricularis  superior  ( Attolens 
aurew),  the  largest  of  the  three,  is  thin 
and  fan-shaped.  Its  fibers  arise  from  the 
galea  aponeurotica,  and  converge  to  be 
inserted  by  a  thin,  flattened  tendon  into 
the  upper  part  of  the  cranial  surface  of  the 
auricula. 

The  Auricnlaris  posterior  (Retrahens 
aurem )  consists  of  two  or  three  fleshy 
fasciculi,  which  arise  from  the  mastoid 
portion  of  the  temporal  bone  by  short 
aponeurotic  fibers.  They  are  inserted  into 
the  lower  part  of  the  cranial  surface  of 
the  concha. 

Actions. — In  man,  these  muscles  possess 
very  little  action ;  the  Auricularis  anterior 
draws  the  auricula  forward  and  upward; 
the  Auricularis  superior  slightly  raises  it; 
and  the  Auricularis  posterior  draws  it 
backward. 

The  intrinsic  muscles  are  the: 

Helicis  major.  Antitragicus. 

Helicis  minor.  Tranaversus  aurieukc. 

TragICUS.  Obliquus  auricula1.  Fio.  920.— Tk«  musetes  of  th*  auricula. 

The  Helicis  major  is  a  narrow  vertical  bond  situated  Upon  the  anterior  margin  of  the  heUx. 

It  ame^r  below,  from  the  spina  helicis,  and  is  inserted  into  the  anterior  border  of  the  helix, 
just  where  it  is  about  to  curve  backward. 

The  Helicis  minor  is  an  oblique  fasciculus,  covering  the  crus  helicis. 

The  Tragicus  is  a  short  ,  flattened  vertical  band  on  the  lateral  surface  of  the  tragus. 

The  Antitragicus  arises  from  the  outer  part  of  the  antitragus,  and  is  inserted  into  the  cauda 
helicis  and  anti  helix. 

The  Trarm  crsus  auricula  is  placed  on  the  cranial  surface  of  the  pinna.  It  consists  of  scattered 
fibers,  partly  tendinous  and  partly  muscular,  extending  from  the  eminentia  concha-  to  the  promi¬ 
nence  corresponding  with  the  scapha. 

The  Ohliqnus  auricula* ,  also  on  the  cranial  surface,  consists  of  a  few  fibers  extending  from 
the  upper  and  back  part-  of  the  concha  to  the  convexity  immediately  above  it. 

AVfw*. — The  Auriculares  anterior  and  superior  and  the  intrinsic  muscles  on  the  lateral  surface 
are  supplied  by  the  temporal  branch  of  the  facial  nerve,  the  Auricularis  posterior  and  the  intrinsic 
muscles  on  the  cranial  surface  by  the  posterior  auricular  branch  of  the  same  nerve. 
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The  artery  of  % he  auricula  are  the  posterior  aimeuto  fro  id  the  external  carotid!;  the 
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The  External  Acoustic  Meatus  (medium  r. eternal  nadilwy  mw 

or  wrntu*)  extends  (torn  the  bottom  of  the  enndra  to  the  ^yujjmi>ie  inembrssie  iK?* 
927,^23).  I  t  U  about  4  cm-  in  jerigtb  if  iVum  th’e.^t^.u$'i  l.rbm  if#  bbtj'wh 

of  the  concha  its  length:  i *  a l>ou't:,,lh5  yt&, ••'  It  forms  an  8-shaped  curve,  and  i> 
at  tastlnwnrd;  forward,  and  siigltrly  upward  (purx'exte.ftpt);  it  then  puso-  ijrMihl. 
and  backward  ( purs  ?wEa)r  anil  lastly  is  carried , in. ward,  forward 'and  -slight!:* 
downward  (ptiTe  inttirpifi).  It  is  an  oval  cylindrical  canal,  the  greatest  dianietk 
being  diteeted  downward  and  backward  at  the  external  orifice,  btjt  ne^rt-v 
zootally  at  ti»c  inner  end.  It  presents  two  constrictions,  one  near  the 
oft  he  mrtiluginims  portion,  and  fiimthtwc  tlieistiurius,  in  the  osseous  pf<rannr  ahmt 
2  cue  from  the  bottom  of  the  concha.  The  tympanic  membrane,  whkh  c \\x*<  the; 
imWr  eml  of  the  meatus,  is  obihjucly  directed:  in  vcnseqiiem/e  of  this  tbe.Wooraj-a 
anterior  wall  of  the  meatus  are  longer  tlmivthe  roof  and  posterior  waif. 

The  exterriial  aeotfrf  ie  meatus  k  formed,  partly  lAr  eartilag^ 

apd  partly  by  rifilifl '-H  lined  by  skirt. 
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.and  iy  narrower  than  tlie  cartihtgiijcms;  portioiv.:  It  is  directed  inwarcl  aiui  »  fhde 


.jB 

wg 

V  v 

' 

Cls?rc!h. 

THE  MIDDLE  EAR  OR  TYMPANIC  CAVITY 


1045 


forward,  forming  in  its  course  a  slight  curve  the  convexity  of  which  is  upward  and 
backward.  Its  inner  end  is  smaller  than  the  outer,  and  sloped,  the  anterior  wall 
projecting  beyond  the  posterior  for  about  4  mm.;  it  is  marked,  except  at  its  upper 
part,  by  a  narrow  groove,  the  tympanic  sulcus,  in  which  the  circumference  of  the 
tympanic  membrane  is  attached.  Its  outer  end  is  dilated  and  rough  in  the  greater 
part  of  its  circumference,  for  the  attachment  of  the  cartilage  of  the  auricula.  The 
front  and  lower  parts  of  the  osseous  portion  are  formed  by  a  curved  plate  of  bone, 
the  tympanic  part  of  the  temporal,  which,  in  the  fetus,  exists  as  a  separate  ring 
(annulus  tympanicus,)  incomplete  at  its  upper  part  (page  144). 


Auditory  tube 

|  Condyle  of  mandible 


Internal  carotid 
artery 


Internal  acoustic 
meatus 


Tympanic  cavity 
Tympanic  membrane 

Mastoid  air-cells 

Transverse  sinus 


Part  of  parotid  gland 
Tragus 


External  acoustic 
meatus 


Helix 


Fio.  928. — Horizontal  section  through  left  ear;  upper  half  of  section. 


The  skin  lining  the  meatus  is  very  thin;  adheres  closely  to  the  cartilaginous 
and  osseous  portions  of  the  tube,  and  covers  the  outer  surface  of  the  tympanic 
membrane.  After  maceration,  the  thin  pouch  of  epidermis,  when  withdrawn, 
preserves  the  form  of  the  meatus.  In  the  thick  subcutaneous  tissue  of  the  cartil¬ 
aginous  part  of  the  meatus  are  numerous  ceruminous  glands,  which  secrete  the 
ear-wax;  their  structure  resembles  that  of  the  sudoriferous  glands. 

Relations  of  the  Meatus. — In  front  of  the  osseous  part  is  the  condyle  of  the  mandible,  which 
however,  is  frequently  separated  from  the  cartilaginous  part  by  a  portion  of  the  parotid  gland. 
The  movements  of  the  jaw  influence  to  some  extent  the  lumen  of  this  latter  portion.  Behind  the 
osseous  part  are  the  mastoid  air  cells,  separated  from  the  meatus  by  a  thin  layer  of  bone. 

The  arteries  supplying  the  meatus  are  branches  from  the  posterior  auricular,  internal  maxillary, 
and  temporal. 

The  nerves  are  chiefly  derived  from  the  auriculotemporal  branch  of  the  mandibular  nerve 
and  the  auricular  branch  of  the  vagus. 


The  Middle  Ear  or  Tympanic  Cavity  (Cavum  Tympani;  Drum; 

Tympanum). 

The  middle  ear  or  tympanic  cavity  is  an  irregular,  laterally  compressed  space 
within  the  temporal  bone.  It  is  filled  with  air,  which  is  conveyed  to  it  from  the 
nasal  part  of  the  pharynx  through  the  auditory  tube.  It  contains  a  chain  of  mov¬ 
able  bones,  which  connect  its  lateral  to  its  medial  wall,  and  serve  to  convey  the 
vibrations  communicated  to  the  tympanic  membrane  across  the  cavity  to  the 
internal  ear. 
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The  tympanic  cavity  insists'  of  tw<iv0'tts:  the  tympanic  cavity  proper.  |^pp| 
the  tympanic  membrpie,  and  the  attic  or  epitympanic  recess,  above  tlie  !<••. :  i  i« 
tie  rut-triOifnie;;  the  letter  contains  the  tipper  half  of  the  malleus  and  the  fer.-ot-r 
part  of  the  UH'iiy.  Including  the  attic,  the  vertical  and  anteroposterior  dwea?*-e 
of  the.  cavity  are.  eae|i  atrout  iff  torn.  rt\h  transverse  diameter  measures  atioijt 
0  nun.  above  ami  4  min.  below,-  opposite  the  center  of  the  tympanic  meriihrsoe 
it  is  cwly  about  2  mu*.  The  tympanic  cavity  is  bounded  la  tewilly  by  the  tvmpmiie 
membrane:  medially,  by  the  lateral  wall  of  the  interna!  car;  it  ermnnumcatt*, 
belaud,  with  the  tympanic  orttrmri  and  tlirough  it  with  the  mastoid  air  eetls,  and 
in  front  with  the  auditory  tube  (1%.  ti27  >. 

The  Tegmental  Wan  or  Eoof  (pa rlc*  te^mntalie)  is  formed  by  a  thin  plate  <4  *«w«. 
the  tegmen  tympaai,  whb%  aejiarah*  the  cranial  and  tympariie  cavities.  ft  is 
sitiiated  otr  idit-  GuLerictr  surfaee  of  the  petrous  pWthm  of  lbe  tompbriil  bene 
to  its  angle  of  junction  with  the  squama  temporalis;  it  is  prolonged'  backward  U 
as  to  roof  hi  the  tyfUfainic  antruot,  and  forward  to  cover  in  the  seniioutml  fur  the 
Tensor  tympani  tftusde.;  Its  Lateral  edge  corresponds  with  the  remains  of  the 
pefrokduiimoussiiturc. 

rFhc  ^ugufa.r  Wall  or  Floor  (panes  jugularix)  is  narrow,  and  consists  of  a  thin  ptu* 
of  bone  (fuadhs  tympani)  which  sej.iacatcs  the  tympanic  cavity  front  t.hc  jugular- 
fossa.  Jt  presents,  near  the  laln-rinthic  wall,  a  Small  aperture  for  the  pava^'i-.f 
the  tympanic  brand!  of  flu;  glossopharyngeal  nerve. 

To* f.  w  nikolw Jdd 
■  Uinq  cru*  of  m<i* 


•  •  *'  *4 » k  -  ft/!  d'Vrtf  ^ 'j  ;  ■  V: '  %  '  d.V'^r;, 

T'lo.  11211  —Right  tvwptuuc  tnelrtbraue  A?  liji'otiffh  jt  ^fc'Cril.'ljryi 

The  Membranous  or  Lateral  Wall  (jmm-  mtiubrawmi;  outer  -mth  is  iorrind 
mainly  by  the.  tytftpanh'  membrane*  partly;  Thy  the  ring  of  bboe  into  which  this 
membmne  la  inaerterl.  Tliis  riitg  of  Imne  is  incomplete  at  its  Upper  part,  fortoipg 
a  notch  (notch of  RiriiHia),  close  to  which  ate  three  small  apertures;  the  Iter  eiumlie 
poawrius,  the  pethjfyffipaEic:  fissute,  and  the  iter  chords  antmos. 

The  iter  visorh®  imsterius  {(/pertiffa  tympanim  eannlicuU  cuSeTa-j  is  situated  in 
the  angle  of  junction  between  the  mastoid  and  membranous  wall  pf  the  tympanic 
cavity  ipitudlifttcly  behind  the  tympanic  mcmhranp  and  on  a  level  with  the 
end  of  the  manubrium  of  the.  undleUSf  it  leads  mtp-s  minute  ottn’dy  which  '1.  ->*  yU 
in  front  of  the  capaHor  the  facial  nerve,  and  ends  in  that  cauai  near  the  sty ley 
mastoid  foramen,  Through  it  the  chorda  tympani'  nerve,  enters  the  tymiooic 
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The  iter  chordae  anterius  ( canal  of  Iluguier)  i$  placed  at  the  medial  end  of  the 
petrotympanic  fissure;  through  it  the  chorda  tympani  nerve  leaves  the  tympanic 
cavity. 

The  Tympanic  Membrane  ( membrana  iytifijpani)  (Figs.  929,  930)  separates  the 
tympanic  cavity  from  the  bottom  of  the  external  acoustic  meatus.  It  is  a  thin, 
semitransparent  membrane,  nearly  oval 
in  form,  somewhat  broader  above  than 
below,  and  directed  very  obliquely  down¬ 
ward  and  inward  so  as  to  form  an  angle 
of  about  fifty-five  degrees  with  the  floor 
of  the  meatus.  Its  longest  diameter  is 
downward  and  forward,  arid  measures 
from  9  to  10  mm.;  its  shortest  diameter 
measures  from  8  to  9  mm.  The  greater 
part  of  its  circumference  is  thickened, 
and  forms  a  fibrocartilaginous  ring  which  ?s 
fixed  in  the  tympanic  sulcus  at  the  inner 
end  of  the  meatus.  This  sulcus  is  defi¬ 
cient  superiorly  at  the  notch  of  Rivinus, 
and  from  the  ends  of  this  notch  two  bands, 
the  anterior  and  posterior  malleolar  folds, 
are  prolonged  to  the  lateral  process  of  the 
malleus.  The  small,  somewhat  triangular 
part  of  the  membrane  situated  above  these 
folds  is  lax  and  thin,  and  is  named  the 
pars  flaccida;  in  it  a  small  orifice  is  some¬ 
times  seen.  The  manubrium  of  the  malleus 
is  firmly  attached  to  the  medial  surface  of 
the  membrane  as  far  as  its  center,  which 
it  draws  toward  the  tympanic  cavity ;  the 
lateral  surface  of  the  membrane  is  thus 
concave,  and  the  most  depressed  part  of 
this  concavity  is  named  the  umbo. 


Fit#.  030^— Th«  tympanic  membrane  v 


-  _ /iewed  from 

within.  (Teetut.)  The  malleus  hns  been  resected 
immediately  beyond  its  lateral  process*,  in  order  to 
show  the  tympanomalleolar  folds  and  the  membrana 
flaccida.  1.  Tympanic  membrane.  2.  Umbo.  3. 
Handle  of  the  malleus.  4.  Lateral  process.  5.  Anterior 
tympanomalleolor  fold.  0.  Posterior  tymnanomallcolar 
fold.  7.  Pars  flaccida.  8.  Anterior  pouch  of  Troltsch. 
A.  Posterior  pouch  of  Troltsch.  10.  Fibrocartilaginous 
ring.  11.  Petrotympanic  fissure.  12.  Auditory  tube. 
13.  Iter  chord®  posterius,  14.  Iter  chord®  anterius. 
15  Fossa  incudia  for  short  crua  of  the  incus,  10.  Pro 
Structure.— The  tympanic  membrane  ia  com-  minentia  styloidea. 
posed  of  three  strata:  a  lateral  (cutaneous)  %  an 

intermediate  (fibrous),  and  a  medial  (mucous)*  The  cutaneous  stratum  ia  derived  from  the 
integument  lining  the  meatus.  The  fibrous  stratum  consists  of  two  layers:  a  radiate  stratum, 


Chorda 


Flo.  931- — View  of  the  inner  wall  of  the  tympanum  i>.n larged.) 


the  fibers  of  which  diverge  from  the  manubrium  of  the  malleus,  and  a  circular  stratum,  the 
fibers  of  which  are  plentiful  around  the  circumference  but  sparse  and  scattered  near  the  center 
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of  the  membrane.  Branehed  or  dendrite  fibers,  jis  pointed  w#  by  ttriihs'r  an>  ate*  pmsii 
'’especially  m  thb  pc^teribriraJf  -.of  the-  roembmue, 

Vessel  and  Heroes.— The.  .arteries  of  the  tympaiiie;  memhfsxse  -ex*  (ram  th*  ci** 

auricular  branch  of  the  iuten&i  nulxiilary,  which  ramifie*  beneath,  the  e«t^«iK^b‘.stmw;  *&d 
from  the  BtyJoniiist^^  tjta  posterior  fcfmcufotf,  ujid  Xymf&nWbt&ixk  of  tb*Wsmi 

maxiilary,  which  Bre  distributed  oa  the  mucous  surface.  Thfe  aupertiehi  »<?kia  y>peh  umi  t& 
exter^&i  jugular  ;  those  m .  the  deep  surface  drain  partly  into  the  traibr*wfc  -fcR<i  v*«&  rd 
the  dura  mater;  and  partly  into  a  plexus  on  the  auditory  tube;  The  membrane  !sc?i?e*  & 
chief  fcarve  supplymmi  the  aunculoteriipora!  branch  qf  tlie  miindibulan  the  auricular  hi^ncii  oi 
thfci  vagus,  and  the  tyfucanic  branch  of  the  glr3ssopha.ry^^  also  supply  it.J 


fci v.<<k  »  *  Hr 
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The  Labyrinthic  or  Modial  Wall  (partes  labyriufhica;  inner  wtilTj  (Fig.  '.-•&. 
vertical  in  direction,  ami  presents  lor  eMiniuuitkm  the  fenesfr®  YBSBtjuii  arsi 
cocfele®,  the  promontory,  ami  the  prominency  <A  the  fad al  canal. 

The  fenestra  vestibali  (fnmlm  omits)  b  a-  reuiforni  ttixthihg  feeing  from  .ibt 
tympanic  cavity  into  the yestihwh?  of  the.  inteenw.iWltyib* is WwbnttJ. 
and  its  convex  border  is  Upward.  In  the  recent  shite  it  is  occupied  In  iht-  iuse-xi 
the  stapes,  the  circumference  of  which  is  fixed  by  the  annular  figatnent  to  the  tesrgp! 
of  the  forurnen. 

The  fenestra  cochle®  (fines im  rniunda)  is  situated  bekhv  ^  liWlo  behind  the 
fenestra  vest  ji'»uli,  from  which  it  is  .separated  by  a  rounded  elevation.  fln^  promoBtorj' 

1 1.  is  |  :4a  wi  at  the  bottom'  of  a  fiumel-sha  ped  depression  and  .in  the  macerated  ke»K 
leads  into  the  corldea  of  the  internal  ear;  iu  the  /«s>i  state  it  is  closed  by-  s  mtiis* 
hrane.  the  secondary  tympanic  membrane,  which  is  concave  toward  the  tympanic 
cavity,  convex  toward  the;  cochlea.  This  uieuibrane  consists,  of  three  layers:  a» 

1  4  ,<b«  Aineirioatt  4^'-irflial  cjjT  Aimloruy,  l&jli.  Vvf  41 
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external,  or  mucous,  derived  from  the  mucous  lining  of  the  tympanic  cavity;  an 
internal,  from  the  lining  membrane  of  the  cochlea;  and  an  intermediate,  or  fibrous 
laver. 


Tympanic  antrum 

Teamen  iympant 

PnttniiuLWti.  r>f  litrral  semi  circular  canal 
j  Pro  tn  inc  nr*  of  fa*'  tat  t. a n >2 7 
Fcnc-sim  VKXt>buU 

BrtMU:.  in  ttmis&Htitjw  hnn  pant 

I  j  fir'ptvm  ormti’S  tfiugCAflot'nhntn 

I  tiristk-  in  hiatus  of  facial  tanal 


j  Carotid  ta/wl 

Ihny  °f  dudiiary  tube 
!  PromwitoTif 

jP  Btisilz  in  pyramid 

'  F*.  nostra  e&chkm 

\  Sulcus  tymyxinCc w* 

il^daid  c-:u)  brUk  *"  *¥?* wtoid  Jomtnen 

Fia.  033  — Coronal  section  of  right  temporal  bone. 
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fOSSULA  or  JUGULAR  TYMPANIC 

FENESTRA ROTUNDA  WALL  PLEXUS 

■The  medial  wall  and  part  of  the  posterior  and  anterior  walla  of  the  right  tympanic  cavity,  lateral  view. 

tSpallehoUj 


ANtrt 
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The  promontory  ( promontorium )  is  a  rounded  hollow  prominence,  formed  by  the 
projection  outward  of  the  first  turn  of  the  cochlea;  it  is  placed  between  the  fenestra*, 
and  is  furrowed  on  its  surface  by  small  grooves,  for  the  lodgement  of  branches  of  the 
tympanic  plexus.  A  minute  spicule  of  bone  frequently  connects  the  promontory 
to  the  pyramidal  eminence. 

The  prominence  of  the  facial  canal  (prominentia  canalis  facialis;  prominence  of 
aqueduct  of  Fallopius)  indicates  the  position  of  the  bony  canal  in  which  the 
facial  nerve  is  contained;  this  canal  traverses  the  labyrinthic  wall  of  the  tympanic 
cavity  above  the  fenestra  vestibuli,  and  behind  that  opening  curves  nearly 
vertically  downward  along  the  mastoid  wall. 

The  mastoid  or  posterior  wall  (paries  mastoidea)  is  wider  above  than  below,  and 
presents  for  examination  the  entrance  to  the  tympanic  antrum,  the  pyramidal  eminence, 
and  the  fossa  incudis. 

The  entrance  to  the  antrum  is  a  large  irregular  aperture,  which  leads  backward 
from  the  epitympanic  recess  into  a  considerable  air  space,  named  the  tympanic 
or  mastoid  antrum  (see  page  140).  The  antrum  communicates  behind  and  below 
with  the  mastoid  air  cells,  which  vary  considerably  in  number,  size,  and  form; 
the  antrum  and  mastoid  air  cells  are  lined  by  mucous  membrane,  continuous  with 
that  lining  the  tympanic  cavity.  On  the  medial  wall  of  the  entrance  to  the  antrum 
is  a  rounded  eminence,  situated  above  and  behind  the  prominence  of  the  facial 
canal;  it  corresponds  with  the  position  of  the  ampullated  ends  of  the  superior  and 
lateral  semicircular  canals. 

The  pyramidal  eminence  (eminentia  pyramidalis;  pyramid)  is  situated  immedi¬ 
ately  behind  the  fenestra  vestibuli,  and  in  front  of  the  vertical  portion  of  the  facial 
canal;  it  is  hollow,  and  contains  the  Stapedius  muscle;  its  summit  projects  forward 
toward  the  fenestra  vestibuli,  and  is  pierced  by  a  small  aperture  which  transmits 
the  tendon  of  the  muscle.  The  cavity  in  the  pyramidal  eminence  is  prolonged 
downward  and  backward  in  front  of  the  facial  canal,  and  communicates  with  it 
by  a  minute  aperture  which  transmits  a  twig  from  the  facial  nerve  to  the  Stapedius 
muscle. 

The  fossa  incudis  is  a  small  depression  in  the  lower  and  back  part  of  the  epi¬ 
tympanic  recess;  it  lodges  the  short  crus  of  the  incus. 

The  Carotid  or  Anterior  Wall  (paries  carotica)  is  wider  above  than  below*  ;  it  corre¬ 
sponds  writh  the  carotid  canal,  from  which  it  is  separated  by  a  thin  plate  of  bone 
perforated  by  the  tympanic  branch  of  the  internal  carotid  artery,  and  by  the  deep 
petrosal  nerve  which  connects  the  sympathetic  plexus  on  the  internal  carotid 
artery  with  the  tympanic  plexus  on  the  promontory.  At  the  upper  part  of  the 
anterior  wall  are  the  orifice  of  the  semicanal  for  the  Tensor  tympani  muscle  and 
the  tympanic  orifice  of  the  auditory  tube,  separated  from  each  other  by  a  thin 
horizontal  plate  of  bone,  the  septum  canalis  musculotubarii.  These  canals  run  from 
the  tympanic  cavity  forward  and  downward  to  the  retiring  angle  between  the 
squama  and  the  petrous  portion  of  the  temporal  bone. 

The  semicanal  for  the  Tensor  tympani  (semicanalis  m .  tensoris  tympani)  is  the 
superior  and  the  smaller  of  the  two;  it  is  cylindrical  and  lies  beneath  the  tegmen 
tympani.  It  extends  on  to  the  labyrinthic  wall  of  the  tympanic  cavity  and  ends 
immediately  above  the  fenestra  vestibuli. 

The  septum  canalis  musculotubarii  (processus  cochleariformis)  passes  backward 
below  this  semicanal,  forming  its  lateral  wall  and  floor;  it  expands  above  the  ante¬ 
rior  end  of  the  fenestra  vestibuli  and  terminates  there  by  curving  laterally  so  as 
to  form  a  pulley  over  which  the  tendon  of  the  muscle  passes. 

The  auditory  tube  (tuba  auditiva;  Eustachian  tube)  is  the  channel  through  which 
the  tympanic  cavity  communicates  with  the  nasal  part  of  the  pharynx.  Its  length 
is  about  36  mm.,  and  its  direction  is  downward,  forward,  and  mediahvard,  forming 
an  angle  of  about  45  degrees  with  the  sagittal  plane  and  one  of  from  30  to  40  degrees 
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with  the  horizontal  plane.  It  is  formed  partly  of  bone,  partly  of  cartilage  and  fibrous 
tissue  (Figs.  927,  935). 

The  osseous  portion  (pars  osseo  tubes  auditivee)  is  about  12  mm.  in  length.  It 
begins  in  the  carotid  wall  of  the  tympanic  cavity,  below  the  septum  canalis  musculo- 
tubarii,  and,  gradually  narrowing,  ends  at  the  angle  of  junction  of  the  squama  and 
the  petrous  portion  of  the  temporal  bone,  its  extremity  presenting  a  jagged  margin 
which  serves  for  the  attachment  of  the  cartilaginous  portion. 


[TENSOR  TYMPANI 


TYMPANI  ' 


.PHARYNOCAL  OPCN 
INQ  OP  TUBE 


Fiq.  935. — Auditory  tube,  laid  open  by  a  cut  in  its  long  axis.  (Testut.) 


The  cartilaginous  portion  (pars  cartilaginea  tubes  auditivee) ,  about  24  mm.  in  length, 
is  formed  of  a  triangular  plate  of  elastic  fibrocartilage,  the  apex  of  which  is  attached 
to  the  margin  of  the  medial  end  of  the  osseous  portion  of  the  tube,  while  its  base 
lies  directly  under  the  mucous  membrane  of  the  nasal  part  of  the  pharynx,  w  here 
it  forms  an  elevation,  the  torus  tubarius  or  cushion,  behind  the  pharyngeal  orifice  of 
the  tube.  The  upper  edge  of  the  cartilage  is  curled  upon  itself,  being  bent  laterally 
so  as  to  present  on  transverse  section  the  appearance  of  a  hook;  a  groove  or  furrow 
is  thus  produced,  wdiich  is  open  below  and  laterally,  and  this  part  of  the  canal  is 
completed  by  fibrous  membrane.  The  cartilage  lies  in  a  groove  between  the  petrous 
part  of  the  temporal  and  the  great  wing  of  the  sphenoid;  this  groove  ends  opposite 
the  middle  of  the  medial  pterygoid  plate.  The  cartilaginous  and  bony  portions  of 
the  tube  are  not  in  the  same  plane,  the  former  inclining  downward  a  little  more 
than  the  latter.  The  diameter  of  the  tube  is  not  uniform  throughout,  being  greatest 
at  the  pharyngeal  orifice,  least  at  the  junction  of  the  bony  and  cartilaginous  por¬ 
tions,  and  again  increased  toward  the  tympanic  cavity;  the  narrowest  part  of  the 
tube  is  termed  the  isthmus.  The  position  and  relations  of  the  pharyngeal  orifice 
are  described  with  the  nasal  part  of  the  pharynx.  The  mucous  membrane  of  the 
tube  is  continuous  in  front  with  that  of  the  nasal  part  of  the  pharynx,  and  behind 
with  that  of  the  tympanic  cavity;  it  is  covered  with  ciliated  epithelium  and  is  thin 
in  the  osseous  portion,  while  in  the  cartilaginous  portion  it  contains  many  mucous 
glands  and  near  the  pharyngeal  orifice  a  considerable  amount  of  adenoid  tissue, 
which  has  been  named  by  Gerlach  the  tube  tonsil.  The  tube  is  opened  during  deglu- 
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tition  by  the  Salpingopharyngeus  and  Dilatator  tubee.  The  latter  arises  from  the 
hook  of  the  cartilage  and  from  the  membranous  part  of  the  tube,  and  blends  below 
with  .the  Tensor  veli  palatini. 

The  Auditory  Ossicles  (Ossicula  Auditus). 

The  tympanic  cavity  contains  a  chain  of  three  movable  ossicles,  the  milieu, 
incus,  and  stapes.  The  first  is  attached  to  the  tympanic  membrane,  the  last  to 
the  circumference  of  the  fenestra  vestibuli,  the  incus  being  placed  between  and 
connected  to  both  by  delicate  articulations. 

The  Malleus  (Fig.  936),  so  named  from  its  fancied  resemblance  to  a  hammer, 
consists  of  a  head,  neck,  and  three  processes,  viz.,  the  manubrium,  the  anterior  and 
lateral  processes. 

The  head  (capitulum  mallei)  is  the  large  upper  extremity  of  the  bone;  it  is  oval 
in  shape,  and  articulates  posteriorly  with  the  incus,  being  free  in  the  rest  of  its 

extent.  The  facet  for  articu¬ 
lation  with  the  incus  is  con¬ 
stricted  near  the  middle,  anc 
consists  of  an  upper  larger  and 
lower  smaller  part,  which  form 
nearly  a  right  angle  with  ead 
other.  Opposite  the  constric¬ 
tion  the  lower  margin  of  the 
facet  projects  in  the  form  of  a 
process,  the  cog-tooth  or  spar  oi 
the  malleus. 

The  neck  ( collum  mallei)  b 
the  narrow  contracted  part  just 
beneath  the  head ;  below  it,  is  a 
a  prominence,  to  which  the 
various  processes  are  attached. 

The  manubrium  mallei  ( handle )  is  connected  by  its  lateral  margin  with  the  tym¬ 
panic  membrane.  It  is  directed  downward,  medialward,  and  backward ;  it  decreases 
in  size  toward  its  free  end,  which  is  curved  slightly  forward,  and  flattened  trans¬ 
versely.  On  its  medial  side,  near  its  upper  end,  is  a  slight  projection,  into  which 
the  tendon  of  the  Tensor  tympani  is  inserted. 

The  anterior  process  (; processus  anterior  [ Folii ];  processus  gracilis)  is  a  delicate 
.  spicule,  which  springs  from  the  eminence  below  the  neck  and  is  directed  forward 
to  the  petrotympanic  fissure,  to  which  it  is  connected  by  ligamentous  fibers.  Id 
the  fetus  this  is  the  longest  process  of  the  malleus,  and  is  in  direct  continuity  with 
the  cartilage  of  Meckel. 

The  lateral  process  (processus  lateralis;  processus  brevis)  is  a  slight  conical  projec¬ 
tion,  which  springs  from  the  root  of  the  manubrium;  it  is  directed  laterally,  and  b 
attached  to  the  upper  part  of  the  tympanic  membrane  and,  by  means  of  the  ante¬ 
rior  and  posterior  malleolar  folds,  to  the  extremities  of  the  notch  of  Rivinus. 

The  Incus  (Fig.  937)  has  received  its  name  from  its  supposed  resemblance  to 
an  anvil,  but  it  is  more  like  a  premolar  tooth,  with  two  roots,  which  differ  in 
length,  and  are  widely  separated  from  each  other.  It  consists  of  a  body  and  two 
crura. 

The  body  (corpus  incudis)  is  somewhat  cubical  but  compressed  transversely. 
On  its  anterior  surface  is  a  deeply  concavo-convex  facet,  which  articulates  with 
the  head  of  the  malleus. 

The  two  crura  diverge  from  one  another  nearly  at  right  angles. 

The  short  crus  (crus  breve ;  short  process ),  somewhat  conical  in  shape,  projects 
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almost  horizontally  backward,  and  is  attached  to  the  fossa  incudis,  in  the  lower 
and  back  part  of  the  epitympanic  recess. 

The  long  crus  ( crus  longum;  long  'process)  descends  nearly  vertically  behind  and 
parallel  to  the  manubrium  of  the  malleus,  and,  bending  medialward,  ends  in  a 
rounded  projection,  the  lenticular  process,  which  is  tipped  with  cartilage,  and 
articulates  with  the  head  of  the  stapes. 

The  Stapes  (Fig.  938),  so  called  from  its  resemblance  to  a  stirrup,  consists  of  a 

head,  neck,  two  crura,  and  a  base. 

The  head  ( capitulum  stapedis)  presents  a  depression,  which  is  covered  by  cartilage, 
and  articulates  with  the  lenticular  process  of  the  incus. 

The  neck,  the  constricted  part  of  the  bone  succeeding  the  head,  gives  insertion 
to  the  tendon  of  the  Stapedius  muscle. 

The  two  crura  ( crus  anterius  and  crus  posterities)  diverge  from  the  neck  and  are 
connected  at  their  ends  by  a  flattened  oval  plate,  the  base  ( basis  stapedis ),  which 
forms  the  foot-plate  of  the  stirrup  and  is  fixed  to  the  margin  of  the  fenestra  vestibuli 
by  a  ring  of  ligamentous  fibers.  Of  the  two  crura  the  anterior  is  shorter  and  less 
curved  than  the  posterior. 


Facet  for 
malleus 


Long  crus 


Lenticular 

process 


Fia.  937. — Left  incus.  A.  From  within.  B.  From 
the  front. 


Fig.  938. — A.  Left  stapes.  B.  Base  of  stapes,  medial 
surface. 


Articulations  of  the  Auditory  Ossicles  ( articulationes  ossicvlorum  auditus). — 
The  incudomalleolar  joint  is  a  saddle-shaped  diarthrosis;  it  is  surrounded  by  an 
articular  capsule,  and  the  joint  cavity  is  incompletely  divided  into  two  by  a  wedge- 
shaped  articular  disk  or  meniscus.  The  incudostapedial  joint  is  an  enarthrosis, 
surrounded  by  an  articular  capsule;  some  observers  have  described  an  articular 
disk  or  meniscus  in  this  joint;  others  regard  the  joint  as  a  syndesmosis. 

Ligaments  of  the  Ossicles  ( ligamenta  ossiculorum  auditus). — The  ossicles  are 
connected  with  the  walls  of  the  tympanic  cavity  by  ligaments:  three  for  the 
malleus,  and  one  each  for  the  incus  and  stapes. 

The  anterior  ligament  of  the  malleus  ( lig .  mallei  anterius)  is  attached  by  one  end 
to  the  neck  of  the  malleus,  just  above  the  anterior  process,  and  by  the  other  to 
the  anterior  wall  of  the  tympanic  cavity,  close  to  the  petrotympanic  fissure,  some 
of  its  fibers  being  prolonged  through  the  fissure  to  reach  the  spina  angularis  of  the 
sphenoid. 

The  superior  ligament  of  the  malleus  {lig.  mallei  superius)  is  a  delicate,  round 
bundle  which  descends  from  the  roof  of  the  epitympanic  recess  to  the  head  of  the 
malleus. 

The  lateral  ligament  of  the  malleus  {lig.  mallei  laterale;  external  ligament  of  the 
malleus)  is  a  triangular  band  passing  from  the  posterior  part  of  the  notch  of  Rivinus 
to  the  head  of  the  malleus.  Helmholtz  described  the  anterior  ligament  and  the 
posterior  part  of  the  lateral  ligament  as  forming  together  the  axis  ligament  around 
which  the  malleus  rotates. 

The  posterior  ligament  of  the  incus  {lig.  incudis  posterius)  is  a  short,  thick  band 
connecting  the  end  of  the  short  crus  of  the  incus  to  the  fossa  incudis. 
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A  superior  ligament  of  the  incus  iiifiudi*  Anpcrivf)  has?  been  described,  hut  it 
is  httje  more  than  a  fold  of  mucous. iwcnibrxinv- 
Tin?  v<-?Hhnlar  MirlHev-  and  the  fi'Kuiiof^reitct-  of  the  We  of  the  stapes* are'  covered 
with  hv/diii?  cartilage;  that  OieiVHng  the  br4urwtu.fi  to  the  margin  M  the 

vestihuli  by  u  fibrous  ring.,  the  annular 
ligament  of  the  base  of  the  stapes  (%.  on nijl are 
hqxeut  tfapedis). 

The  Muscles  of  die  Tympanic  Cavity  t  misculi 
««.<»<•), /or>;»«  u /«/>/»>»)  are  the  Tensor  tympafti 
and  Staprdiu^. 

The  Tensor  tympani.  tbe  larger,  is  cfaitaiuetl 
'-jp/tlte  fiflity  -canal  afcdfij  oastSHt*  portion  iff 
tlie-  amlitory  tube,  from  wbu-ttii  hi  $epiirated 
y  .  .4)^!  tit?;  upturn  esu-mib  u)tj^yb?tul.sartr,  It 
f-  tiri-te#  from  the  cartilaginous  portictn  of  the 
atiditotiy  tube  and  the  adjoining  part  of  the 
great  wing  of  the'^bynbidf'hit  ^U^iA'frohp/tbiei.. 
osseous  canal  in  tyhich 

backward  through  the  c«S«i  it  ends  in  a  Ren¬ 
der  tendon  which  enters  the  tympanic  cavity, 
makes  a  sharp  bend  around  the  estreroity  of 
the  septum,  and  ishfcertcd  into  the  nihnubnum 
of  the  :EaalIeuS,v|i^p‘;  its  root.  It  is  supplied, 
by  a  branch  of  the  marulihulnr  nerve  through 
1  he  otic  ganglion. 

i  «i  '.la:! -coWgi- of  nwyine  auu  t  in jc  %«-  The  Sfctpfidius  fretft the  yt*all  of  a  con- 

the  Iront  lft  *»  vr-rnt  H^  Tfttrte*-  .  .  .  ;  V  .  .  *  '•  It  t  v  e  t»  V  *•  .  *  % 

■**&?*&?!**;  (Teat ut.)  ‘  fM&l  3«Xt^^Or  Ot  the 

‘  Ahllrt it  <j '  trmlrlnrT  piVieforfC  friStfriv 

the 

post* 
aervy. 


^TJiniidtd  eminence;  Its  tend  on  emerge*  from 
he  flic  and,  passing  forward,  is  inserted  into ;  the 

>osterior  surface  of  the  neck  of  the  f.Uq:^s,  It  is  supplied  by  a  branch  of  the  fael^j 


Actions, — T’heTvmfccir  lympa-m  iitb&k  th*:  t  ymp.T/iic  membrane  medialward,  *md  thus  inmm 
its  torsion-  The  Stapedius  pulJb  the  head  of  the  st&pea  backward  and  thus  causes  th$  bfcw*  of 
the  h<mt  t.i  tbt&i.e  on  a  Vertical  axis  dr aw  through  to  own  contei ;  the  back  part  of  ibe  base-  h 
the  v^Ubnle,  while  the  forepart  Is.  withdra’cm. itqm  It,  fey  tin?  action  of 
tU«  f  Im  O'l^ibrt  of  the  fluid  within  the  In r4i^^r;'ia;,^h^hl^  • 

Thi,;  1W'Miva,tn»  dS/Fik’mlKfc'n  Mtt  +h *r  Porfiin  V's  lei  hai tnv»U  i  *h,«  i  , 


ot  •‘the  ['lym&rifc.  wvny  Ui  thy of  these.  one  dt^cemis  .iiw  fk  wf  d  the 
tf&viiy  *  (ft  ihte'  head  of  the  mtdteiw  md  tipper  margin  -of  the  body  of  the.  irifcus,  a  second 
'W't’&M  .the  Stapedius*  muscle;.',  other  Invest  the  -chorda  lyTupaidj  h^rre  aad  the  Tensosr 
p;iBpio.».i  Tb.,»?  b/Ma  sep.^mi c, i;:«fTVfM'»Woh4ike  cavities,  and  give  the  .interior  of  the  tym- 

p&ramt  appvamir-?.,  Orie  of  the^e  pouchy  tte  of  Fniasak, 

h  wcU-rnarkWi .and.  Iios"l>vba^u  tlie  mxrlc  of  the  fnaileu.-:  and  the.ntemhrana  fiaecida.  Tw  other 
Kvo^er*  tuny  be  mennoned:  iiK-y  for«nrd  by  the  mucoua  membrane  yliirh  envelops  the 

« h M fr.  f  iV  4  » •  ryi  i  ‘  inVi^I  ♦hia  Athf»F  tWr)  ♦Inzi  rv.fbrjtiVt-Milmit.  ivf 


rvar  -nlbited  epithcliiun,  but  owir  the  pyramidal  eminence,  o.s<i.ole«,  anil  'tympanic*  membraaie 
ii.  >i  '  ilhneuvd  noiM/iliared  ^pti  heliuni.  In  the  tympanic  ..antrum  and  maslo.itl 

iU  €p]rh**lium  i$  also  non-eiliur».d.  In  n*»>  o^  ous  porritui  of  the  auditory  tube  tlie  rue«i.braae  \b 
thru ;  but  in  r  he  curt  tlaginnus  pnh  \m  n  is  very  highly  vnBcvilar,  iin/1  prnvhiejd  with  titimcroUs 

imU'iMS  filaenr.;  i he  f-pii helium  w)hcU  hues  the  tube  if  eolnmnar  and  dilated. 

Vessels  and  Corves —The  arteiiea  are  dx  In  nOhiW.  T yto  of  them  are  Urger  than  tlv-  others. 
v(%  ’  tythbaiiiii'  briuch"  of.  the  ihtxjrttttl  maiiliary,  wliieh  supplies  the  lympatiie  •xnembrA»'e; 
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and  the  stylomastoid  branch  of  the  posterior  auricular,  which  supplies  the  back  part  of  the 
tympanic  cavity  and  mastoid  cells.  The  smaller  arteries  are — the  petrosal  branch  of  the  middle 
meningeal,  which  enters  through  the  hiatus  of  the  facial  canal;  a  branch  from  the  ascending 
pharyngeal,  and  another  from  the  artery  of  the  pterygoid  canal,  which  accompany  the  auditory 
tube;  and  the  tympanic  branch  from  the  internal  carotid,  given  off  in  the  carotid  canal  and 
perforating  the  thin  anterior  wall  of  the  tympanic  cavity.  The  veins  terminate  in  the  pterygoid 
plexus  and  the  superior  petrosal  sinus.  The  nerves  constitute  the  tympanic  plexus,  which 
ramifies  upon  the  surface  of  the  promontory.  The  plexus  is  formed  by  (1)  the  tympanic  branch 
of  the  glossopharyngeal;  (2)  the  caroticotympanic  nerves;  (3)  the  smaller  superficial  petrosal 
nerve;  and  (4)  a  branch  which  joins  the  greater  superficial  petrosal. 

The  tympanic  branch  of  the  glossopharyngeal  ( Jacobson's  nerve)  enters  the  tympanic  cavity 
by  an  aperture  in  its  floor  close  to  the  labyrinthic  wall,  and  divides  into  branches  which 
ramify  on  the  promontory  and  enter  into  the  formation  of  the  tympanic  plexus.  The  superior 
and  inferior  caroticotympanic  nerves  from  the  carotid  plexus  of  the  sympathetic  pass  through 
the  wall  of  the  carotid  canal,  and  join  the  branches  of  the  tympanic  branch  of  the  glossopharyn¬ 
geal.  The  branch  to  the  greater  superficial  petrosal  passes  through  an  opening  on  the  laby¬ 
rinthic  wall,  in  front  of  the  fenestra  vestibuli.  The  smaller  superficial  petrosal  nerve,  from 
the  otic  ganglion,  passes  backward  through  a  foramen  in  the  middle  fossa  of  the  base  of  the 
skull  (sometimes  through  the  foramen  ovale),  and  enters  the  anterior  surface  of  the  petrous 
part  of  the  temporal  bone  through  a  small  aperture,  situated  lateral  to  the  hiatus  of  the  facial 
canal;  it  courses  downward  through  the  bone,  past  the  genicular  ganglion  of  the  facial  nerve, 
receiving  a  connecting  filament  from  it,  and  enters  the  tympanic  cavity,  where  it  communicates 
with  the  tympanic  branch  of  the  glossopharyngeal,  and  assists  in  forming  the  tympanic  plexus. 

The  branches  of  distribution  of  the  tympanic  plexus  are  supplied  to  the  mucous  membrane 
of  the  tympanic  cavity;  a  branch  passes  to  the  fenestra  vestibuli,  another  to  the  fenestra  cochlea?, 
and  a  third  to  the  auditory  tube.  The  smaller  superficial  petrosal  may  be  looked  upon  as  the 
continuation  of  the  tympanic  branch  of  the  glossopharyngeal  through  the  plexus  to  the  otic 
ganglion. 

In  addition  to  the  tympanic  plexus  there  are  the  nerves  supplying  the  muscles.  The  Tensor 
tympani  is  supplied  by  a  branch  from  the  mandibular  through  the  otic  ganglion,  and  the  Stapedius 
by  a  branch  from  the  facial. 

The  chorda  tympani  nerve  crosses  the  tympanic  cavity.  It  is  given  off  from  the  sensory  part 
of  the  facial,  about  6  mm.  before  the  nerve  emerges  from  the  stylomastoid  foramen.  It  runs 
from  below  upward  and  forward  in  a  canal,  and  enters  the  tympanic  cavity  through  the  iter 
chorda?  posterius,  and  becomes  invested  with  mucous  membrane.  It  traverses  the  tympanic 
cavity,  crossing  medial  to  the  tympanic  membrane  and  over  the  upper  part  of  the  manubrium 
of  the  malleus  to  the  carotid  wall,  where  it  emerges  through  the  iter  chordae  anterius  (canal 
of  H  uguier) . 


The  Internal  Ear  or  Labyrinth  (Auris  Interna). 

The  internal  ear  is  the  essential  part  of  the  organ  of  hearing,  receiving  the  ultimate 
distribution  of  the  auditory  nerve.  It  is  called  the  labyrinth,  from  the  complexity 
of  its  shape,  and  consists  of  two  parts:  the  osseous  labyrinth,  a  series  of  cavities 
within  the  petrous  part  of  the  temporal  bone,  and  the  membranous  labyrinth,  a 
series  of  communicating  membranous  sacs  and  ducts,  contained  within  the  bony 
cavities. 

The  Osseous  Labyrinth  ( labyrinthus  osseus )  (Figs.  940,  941). — The  osseous 
labyrinth  consists  of  three  parts:  the  vestibule,  semicircular  canals,  and  cochlea 
These  are  cavities  hollowed  out  of  the  substance  of  the  bone,  and  lined  by 
periosteum;  they  contain  a  clear  fluid,  the  perilymph,  in  which  the  membranous 
labyrinth  is  situated. 

The  Vestibule  (vestibulum) . — The  vestibule  is  the  central  part  of  the  osseous 
labyrinth,  and  is  situated  medial  to  the  tympanic  cavity,  behind  the  cochlea,  and 
in  front  of  the  semicircular  canals.  It  is  somewhat  ovoid  in  shape,  but  flattened 
transversely;  it  measures  about  5  mm.  from  before  backward,  the  same  from  above 
downward,  and  about  3  mm.  across.  In  its  lateral  or  tympanic  wall  is  the  fenestra 
vestibuli,  closed,  in  the  fresh  state,  by  the  base  of  the  stapes  and  annular  ligament. 
On  its  medial  wallf  at  the  forepart,  is  a  small  circular  depression,  the  recessus 
sphffiricus,  which  is  perforated,  at  its  anterior  and  inferior  part,  by  several  minute 
hol£s  (macula  cribrosa  media)  for  the  passage  of  filaments  of  the  acoustic  nerve 
to  the  saccule;  and  behind  this  depression  is  an  oblique  ridge,  the  crista  vestibuli, 
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$  via#  ii  named  the  pyramid  o i  the  vestsbol*  This  ridge  bifur¬ 
cates  below  to  enclose  a  small  depiwssioiJ.  the  foasa  eochle»rijsr  which  is  perforated 
by  a  number  of  holes  for  the  pa-sage  of  hlaoients  of  the  acoustic  nerve  a  hxli  supply 
the  vest  ibular  end  of  the  ductus  <*>f;hieari*.  At  the  hinder  part  oi the m«luf  wall 
is  the  prifice  of  the  aiHueduetas  vestihali,  which  extends  to  the  posterior  surface  of 


Fig.  fMO.  —  o3s<aJn»  latyncth.  Lateral 


the  pettous  portion  of  :tho  tempi>5r«l  bdhe,-  It  transmits,  it  smdl  vein,  And  contains 
a  -tubular  prolongation  of  t  he  meiijbruiwHJS  labyrinth,  the  ductus  endolyrophntiftB, 
which  ends  in  a  cyi^.feae^bytvvcw'i  tiie  of  tfeydura  mater  frljthiii  the  cranial 

cavity.  On  the  upper  mtl  or  roof  is  A  tra.hsyerseiy  oval  depression,  the  recessus 
ellipticos,  separated  from  the  reeyssus  sphwrkus  by  the  crista  vesfibuli  -already 
mentioned.  Thepymond  aud  adjoining  part  of  tip  tc<a?sstts  elisptieu.s  ato  perforated 


A‘  I  i 

■a  /  r ' .  iO/oiflmf  ; 

’  F ixiyif4\  :^Jr>\xxivr  eJ  ti#M  *msh<m*  labyrijnUf. 


'OEfc*  vf'rif 


by  a  number  of  holes  (macula  crtbroa*  superior)..  The  a|.*eri»res  in  ‘the  pyramid 
transmit  the  nerves  to  the  utricle;  those  in  the  reeessus  dliplieus  the  wrv«  u<  the 
ampulla;  of  the  superior  and  iatrynd  semieirt'tilar  ducts.  'Behind  arc  the  the  orifi m 
of  .the  rsemicireular  ea  rials.  In  f  rihil  is.  on  elliptical  opening,  which.  •eoHii>.»wm*u'« 
With  the  scala  vestilndi  of  t  he.  Cochleu. 
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The  Bony  Semicircular  Canals  {camlet  semicirculores  msei). — -The  lnj»y  semi¬ 
circular  canals  are  three  nuiitfer,  superior,  posterior,  and  lateral,  and  are  situated 
above  and  behind  the  vestibule.  They  are  unequal  in  length,  impressed  frora  side 
to  side,  and  each  de.sertbes  the  greater  part  of  a  circle.  fwuth messutes  about 
0,8  mm,  in  diameter,  and  presents  a  dilatation  at  csiie  end,  called  the  ampulla,  which 
measures  more  than  twiep  tlie  diumcter  of  the  tube.  They  open  into  the  vestibule 
by  five  orifices,  one  of  the  apertures  being  common  to  two  of  the  canals. 
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The  superior  semicircular  canal  (eatidlis  gtfnicircrtlari'}  superior)/  15  to  20  rami 
in  length,  is  vertical  in  direction,  and  is  placed  transversely  to  the  long  axis  of  the 
petrous  ifc>fri<*h  ef  tlje  temporal  bone,  on  tire  anterior  surface  of  which  its  arch 
forms  a  found  projection.  It  describes  about  two-thirds  of  a  circle  Its  lateral, 
extremity  is  ftmptiilatc*:!.  ami  opens  into  the  upper  part  of  the  vestibule;  the  oppo¬ 
site  end  joins  w  ith  the  upper  part  of  the  posterior  canal  to  form  the  crus  commune, 
which  opens  into  the  upper  and  medial  part  of  the  vestibule. 

The  posterior  semicircular  canal  (canalis semie&cuturis  pttetrrior),  also  vertical,  is 
directed  backward,  nearly  parallel  to  the  posterior  surface  of  the  petrous  bone: 
it  is  the  longest  of  the  three,  measuring  from  18  to  22  mm. ;  its  lower  or  arapulhvted 
end  opens  into  the  lower  and  back  part  of  the  vestibule;  its  upper  into  the  crus 
commune  already  mentioned. 

The  lateral  or  horizontal  canal  (camlis  sepi.mritulariS  lateralis;  cjicmal  sem  icfr^utar 
canal )  is  the  shortest  of  the  three,  ^  measures  from  12  to  id  mm.,  and  its  arch 
fa .  directed  -horizontally -backward  si  mi  hiterahvard ;  thus  each  semicircular  cftmri 
stands  at  right  angles  to  the  other  two,  Its  ampullated  end  corresponds  to  the 
»>7 
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upper  and  lateral  angle  of  the  vestibule,  just  above  the  fenestra  vestibuli,  where 
it  opens  dose  to  the  ampullated  end  of  the  superior  canal  ;  its  opposite  end  opens 
at  the  upper  and  back  part  of  the  vestibule.  The  lateral  canal  of  one  ear  is  very 
nearly  in  the  same  plane  as  that  of  the  other;  while  the  superior  canal  of  one  ear 
is  nearly  parallel  to  the  posterior  canal  of  the  other. 
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FlO.  043. — The  cochlea,  and  vestibule,  view^l  from  above.  All  the  hard  parts  which  form  the  roof  of  the  iotrnji. 

ear  have  been  removed  with  the  saw. 


The  Cochlea  (Figs.  942,  943). — The  cochlea  bears  some  resemblance  to  a  eommon 
snail-sheil  ;  it  forms  the  anterior  part  of  the  labyrinth,  is  conical  in  form,  and  placed 
almost  horizontally  in  front  of  the  vestibule;  its  apex  (cupula)  is  directed  forward 
and  lateralward,  with  a  slight  inclination  downward,  toward  the  upper  and  front 
part  of  the  labyrinthic  wall  of  the  tympanic  cavity;  its  base  corresponds  with  tk 
bottom  of  the  internal  acoustic  meatus,  and  is  perforated  by  numerous  apertures 
for  the  passage  of  the  cochlear  division  of  the  acoustic  nerve.  It  measures  about 
5  min.  from  base  to  apex,  and  its  breadth  across  the  base  is  about  9  mm.  It  con¬ 
sists  of  a  conical  shaped  central  axis,  the  modiolus  ;  of  a  canal,  the  inner  wall  of  which 
is  formed  by  the  central  axis,  wound  spirally  around  it  for  two  turns  and  three- 
quarters,  from  the  base  to  the  apex;  and  of  a  delicate  lamina,  the  osseous  spiral 
lamina,  which  projects  from  the  modiolus,  and,  following  the  windings  of  the  canal, 
partially  subdivides  it  into  two.  In  the  recent  state  a  membrane,  the  basilar 
membrane,  stretches  from  the  free  border  of  this  lamina  to  the  outer  wall  of  the  bony 
cochlea  and  completely  separates  the  canal  into  two  passages,  which,  however, 
communicate  with  each  other  at  the  apex  of  the  modiolus  by  a  small  opening 
named  the  helicotrema. 

The  modiolus  is  the  conical  central  axis  or  pillar  of  the  cochlea.  Its  base  is  broad, 
and  appears  at  the  bottom  of  the  internal  acoustic  meatus,  where  it  correspond? 
with  the  area  cochlea?;  it  is  perforated  by  numerous  orifices,  which  transmit  fila¬ 
ments  of  the  cochlear  division  of  the  acoustic  nerve;  the  nerves  for  the  first  turn 
and  a  half  pass  through  the  foramina  of  the  tractus  spiralis  foraminosus;  those 
for  the  apical  turn,  through  the  foramen  centrale.  The  canals  of  the  tractus 
spiralis  foraminosus  pass  up  through  the  modiolus  and  successively  bend  outward 
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to  reach  the  attached  margin  of  the  lamina  spiralis  ossea.  Here  they  become 
enlarged,  and  by  their  apposition  form  the  spiral  canal  of  the  modiolus,  which 
follows  the  course  ctf  the  attached  margin  of  the  osseous  spiral  lamina  and  lodges 
the  spiral  ganglion  {ganglion  of  Corti).  The  foramen  centrale  is  continued  into 
a  canal  wThich  runs  up  the  middle  of  the  modiolus  to  its  apex.  The  modiolus 
diminishes  rapidly  in  size  in  the  second  and  succeeding  coil. 

The  bony  canal  of  the  cochlea  takes  two  turns  and  three-quarters  around  the 
modiolus.  It  is  about  30  mm.  in  length,  and  diminishes  gradually  in  diameter 
from  the  base  to  the  summit,  where  it  terminates  in  the  cupula,  wThich  forms  the 
apex  of  the  cochlea.  The  beginning  of  this  canal  is  about  3  mm.  in  diameter; 
it  diverges  from  the  modiolus  toward  the  tympanic  cavity  and  vestibule,  and 
presents  three  openings.  One,  the  fenestra  cochleae,  communicates  with  the  tym¬ 
panic  cavity — in  the  fresh  state  this  aperture  is  closed  by  the  secondary  tympanic 
membrane;  another,  of  an  elliptical  form,  opens  into  the  vestibule.  The  third  is  the 
aperture  of  the  aquseductus  cochleae,  leading  to  a  minute  funnel-shaped  canal, 
which  opens  on  the  inferior  surface  of  the  petrous  part  of  the  temporal  bone 
and  transmits  a  small  vein,  and  also  forms  a  communication  between  the 
subarachnoid  cavity  and  the  scala  tympani. 

The  osseous  spiral  lamina  {lamina  spiralis  ossea )  is  a  bony  shelf  or  ledge  which  pro¬ 
jects  from  the  modiolus  into  the  interior  of  the  canal,  and,  like  the  canal,  takes  two- 
and  three-quarter  turns  around  the  modiolus.  It  reaches  about  half-way  toward 
the  outer  wrall  of  the  tube,  and  partially  divides  its  cavity  into  two  passages  or 
scalae,  of  which  the  upper  is  named  the  scala  vestibuli,  wrhile  the  lower  is  termed 
the  scala  tympani.  Near  the  summit  of  the  cochlea  the  lamina  ends  in  a  hook¬ 
shaped  process,  the  hamulus  laminm  spiralis;  this  assists  in  forming  the  boundary 
of  a  small  opening,  the  helicotrema,  through  which  the  two  scalse  communicate 
with  each  other.  From  the  spiral  canal  of  the  modiolus  numerous  canals  pass  out¬ 
ward  through  the  osseous  spiral  lamina  as  far  as  its  free  edge.  In  the  lower  part 
of  the  first  turn  a  second  bony  lamina,  the  secondary  spiral  lamina,  projects  inward 
from  the  outer  wall  of  the  bony  tube;  it  does  not,  however,  reach  the  primary 
osseous  spiral  lamina,  so  that  if  viewed  from  the  vestibule  a  narrowr  fissure,  the 
vestibule  fissure,  is  seen  between  them. 

The  osseous  labyrinth  is  lined  by  an  exceedingly  thin  fibro-serous  membrane; 
its  attached  surface  is  rough  and  fibrous,  and  closely  adherent  to  the  bone;  its 
free  surface  is  smooth  and  pale,  covered  with  a  layer  of  epithelium,  and  secretes 
a  thin,  limpid  fluid,  the  perilymph.  A  delicate  tubular  process  of  this  membrane 
is  prolonged  along  the  aqueduct  of  the  cochlea  to  the  inner  surface  of  the  dura 
mater. 

The  Membranous  Labyrinth  {labyrinthus  membranaceus)  (Figs.  944,  945,  946). — 
The  membranous  labyrinth  is  lodged  within  the  bony  cavities  just  described, 
and  has  the  same  general  form  as  these;  it  is,  however,  considerably  smaller,  and 
is  partly  separated  from  the  bony  walls  by  a  quantity  of  fluid,  the  perilymph.  In 
certain  places  it  is  fixed  to  the  walls  of  the  cavity.  The  membranous  labyrinth 
contains  fluid,  the  endolymph,  and  on  its  walls  the  ramifications  of  the  acoustic 
nerve  are  distributed. 

Within  the  osseous  vestibule  the  membranous  labyrinth  does  not  quite  preserve 
the  form  of  the  bony  cavity,  but  consists  of  two  membranous  sacs,  the  utricle, 
and  the  saccule. 

The  Utricle  {utricidus). — The  utricle,  the  larger  of  the  two,  is  of  an  oblong  form, 
compressed  transversely,  and  occupies  the  upper  and  back  part  of  the  vestibule, 
lying  in  contact  with  the  recessus  ellipticus  and  the  part  below  it.  That  portion 
which  is  lodged  in  the  recess  forms  a  sort  of  pouch  or  cul-de-sac,  the  floor  and  ante¬ 
rior  wall  of  which  are  thickened,  and  form  the  macula  acustica  utriculi,  w  hich  receives 
the  utricular  filaments  of  the  acoustic  nerve.  The  cavity  of  the  utricle  communi- 
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cates  behind  with  the  semicircular  ducts  by  five  orifices.  From  its  anterior  wall  is 
given  off  the  ductus  utriculos&ccul&ris,  which  opens  into  the  ductus  endolymphaticus. 

The  Saccule  ( sacculus ). — The  saccule  is  the  smaller  of  the  two  vestibular  sacs; 
it  is  globular  in  form,  and  lies  in  the  recessus  sphsericus  near  the  opening  of  the 
scala  vestibuli  of  the  cochlea.  Its  anterior  part  exhibits  an  oval  thickening,  the 
macula  acustica  sacculi,  to  which  are  distributed  the  saccular  filaments  of  the 
acoustic  nerve.  Its  cavity  does  not  directly  communicate  with  that  of  the  utricle. 
From  the  posterior  wall  a  canal,  the  ductus  endolymphaticus,  is  given  off ;  this  duct 
Is  joined  by  the  ductus  utriculosaccularis,  and  then  passes  along  the  aquaeductus 
vestibuli  and  ends  in  a  blind  pouch  (saccus  endolymphaticus)  on  the  posterior  sur¬ 
face  of  the  petrous  portion  of  the  temporal  bone,  where  it  is  in  contact  with  the 
dura  mater.  From  the  lower  part  of  the  saccule  a  short  tube,  the  canalis  reumeni 
of  Hensen,  passes  downward  and  opens  into  the  ductus  cochlearis  near  its  vestibular 
extremity  (Fig.  944). 


Fia.  944. — The  membranous  labyrinth.  (Enlarged.) 


The  Semicircular  Ducts  (< ductus  semicirculares ;  membranous  semicircular  canals ), 
(Figs.  945,  946). — The  semicircular  ducts  are  about  one-fourth  of  the  diameter 
of  the  osseous  canals,  but  in  number,  shape,  and  general  form  they  are  precisely 
similar,  and  each  presents  at  one  end  an  ampulla.  They  open  by  five  orifices  into 
the  utricle,  one  opening  being  common  to  the  medial  end  of  the  superior  and  the 
upper  end  of  the  posterior  duct.  In  the  ampullae  the  wall  is  thickened,  and  projects 
into  the  cavity  as  a  fiddle-shaped,  transversely  placed  elevation,  the  septum  trim- 
yersum,  in  which  the  nerves  end. 

The  utricle,  saccule,  and  semicircular  ducts  are  held  in  position  by  numerous 
fibrous  bands  which  stretch  across  the  space  between  them  and  the  bony  walls. 

Structure  (Fig.  947). — The  walls  of  the  utricle,  saccule,  and  semicircular  ducts  consist  of 
three  layers.  The  outer  layer  is  a  loose  and  flocculent  structure,  apparently  composed  of  ordinary 
fibrous  tissue  containing  bloodvessels  and  some  pigment-cells.  The  middle  foyer,  thicker  and 
more  transparent,  forms  a  homogeneous  membrana  propria,  and  presents  on  its  internal  surface, 
especially  in  the  semicircular  ducts,  numerous  papilliform  projections,  which,  on  the  addition 
of  acetic  acid,  exhibit  an  appearance  of  longitudinal  fibrillation.  The  inner  layer  is  formed  of 
polygonal  nucleated  epithelial  cells.  In  the  maculae  of  the  utricle  and  saccule,  and  in  the  trans¬ 
verse  septa  of  the  ampullae  of  the  semicircular  ducts,  the  middle  coat  is  thickened  and  the  epi¬ 
thelium  is  columnar,  and  consists  of  supporting  cells  and  hair  cells.  The  former  are  fusiform, 
and  their  deep  ends  are  attached  to  the  membrana  propria,  while  their  free  extremities  are 
united  to  form  a  thin  cuticle.  The  hair  cells  are  flask-shaped,  and  their  deep,  rounded  ends  do 
not  reach  the  membrana  propria,  but  lie  between  the  supporting  cells.  The  deep  part  of  each 
contains  a  large  nucleus,  while  its  more  superficial  part  is  granular  and  pigmented.  The  free  cod 
is  surmounted  by  a  long,  tapering,  hair-like  filament,  which  projects  into  the  cavity.  The 
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Two  small  rounded  bodies  termed  otoconia,  each  consisting  of  a  mass  of  minute  crystallise 
grains  of  carbonate  of  lime,  held  together  in  a  mesh  of  gelatinous  tissue,  ate  suspended  m 
the  endolymph  in  contact  with  the  free  ends  of  the  hairs  projecting  from  the  macula.  Accord 
ing  to  Bowman,  a  calcareous  material  is  also  sparingly  scattered  in  the  cells  lining  the  ampuil* 
of  the  semicircular  ducts. 

Connective  tissue  binding 
duct  to  periosteum 


Periosteum 

Fio.  ft!7. — Tranaver**  action  of  a  human  semicircular  canal  and  duct  (.after  RUdin^erl. 

The  Ductus  Cochlearis  ( membranous  cochlea;  scala  media). — The  ductus  cochlearis 
consists  of  a  spirally  arranged  tube  enclosed  in  the  bony  canal  of  the  cochlea  and 
lying  along  its  outer  wall. 

As  already  stated,  the  osseous  spiral  lamina  extends  only  part  of  the  distance 
between  the  modiolus  and  the  outer  wall  of  the  cochlea,  while  the  basilar  membrane 
stretches  from  its  free  edge  to  the  outer  wall  of  the  cochlea,  and  completes  the  roof 
of  the  scala  tympani.  A  second  and  more  delicate  membrane,  the  vestibular  mem¬ 
brane  (Reissneri)  extends  from  the  thickened  periosteum  covering  the  osseous 
spiral  lamina  to  the  outer  wall  of  the  cochlea,  where  it  is  attached  at  some  little 
distance  above  the  outer  edge  of  the  basilar  membrane.  A  canal  is  thus  shut  off 
between  the  scala  tympani  below  and  the  scala  vestibuli  above;  this  is  the  du ctos 
cochlearis  or  scala  media  (Fig.  948).  It  is  triangular  on  transverse  section,  its  roof 
being  formed  by  the  vestibular  membrane,  its  outer  wall  by  the  periosteum  lining 
the  bony  canal,  and  its  floor  by  the  membrana  basilaris  and  the  outer  part  of  the 
lamina  spiralis  ossea.  Its  extremities  are  closed;  the  upper  is  termed  the  lages* 
and  is  attached  to  the  cupula  at  the  upper  part  of  the  helicotrema;  the  lower  is 
lodged  in  the  recessus  cochlearis  of  the  vestibule.  Near  the  lower  end  the  ductus 
cochlearis  is  brought  into  continuity  with  the  saccule  by  a  narrow,  short  canal, 
the  canalis  reuniens  of  Hensen  (Fig.  944).  On  the  membrana  basilaris  is  situated 
the  spiral  organ  of  Corti.  The  vestibular  membrane  is  thin  and  homogeneous, 
and  is  covered  on  its  upper  and  under  surfaces  bv  a  layer  of  epithelium.  TV 
periosteum,  forming  the  outer  wall  of  the  ductus  cochlearis,  is  greatly  thickened 
and  altered  in  character,  and  is  called  the  spiral  ligament.  It  projects  inward  Mow 
as  a  triangular  prominence,  the  basilar  crest,  which  gives  attachment  to  the  outer 
edge  of  the  basilar  membrane;  immediately  above  the  crest  is  a  concavity,  the 
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sulcus  spiralis  externus.  The  upper  portion  of  the  spiral  ligament  contains  numerous 
capillary  loops  and  small  bloodvessels,  and  is  termed  the  stria  vascularis. 

The  osseous  spiral  lamina  consists  of  two  plates  of  bone,  and  between  these  are 
the  canals  for  the  transmission  of  the  filaments  of  the  acoustic  nerve.  On  the  upper 
plate  of  that  part  of  the  lamina  w  hich  is  outside  the  vestibular  membrane,  the  perios¬ 
teum  is  thickened  to  form  the  limbus  laminae  spiralis  (Fig.  1)49),  this  ends  externally 


tympuni 


PlO.  1US,  —Diagram matin'  longitudinal  section  of  the  cochlea. 


in  a  concavity,  the  sulcus  spiralis  interims,  which  represents,  on  section,  the  form 
of  the  letter  C;  the  upper  part,  formed  by  the  overhanging  extremity  of  the  limbus, 
is  named  the  vestibular  lip;  the  lower  part,  prolonged  and  tapering,  is  called  the 
tympanic  lip,  and  is  perforated  by  numerous  foramina  for  the  passage  of  the  cochlear 
nerves.  The  upper  surface  of  the  vestibular  lip  is  intersected  at  right  angles  by  a 
number  of  furrows,  between  which  are  numerous  elevations;  these  present  the 
appearance  of  teeth  along  the  free  surface  and  margin  of  the  lip,  and  have  been 
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named  by  Huschke  the  auditory  teeth  (Fig.  950 j.  The  limbus  is  covered  by  a  layer 
of  what  appears  to  be  squamous  epithelium,  but  the  deeper  parts  of  the  cells  w  ith 
their  contained  nuclei  occupy  the  intervals  between  the  elevations  and  between  the 
auditory  teeth.  This  layer  of  epithelium  is  continuous  on  the  one  hand  with  that 
lining  the  sulcus  spiralis  interims,  and  on  the  other  with  that  covering  the  under 
surface  of  the  vestibular  membrane. 
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Fig  5*51. — Section  through  the  spiral  organ  of  Corti.  ,N 


The  spiral  organ  of  Corti  (< organon  spirale  [Corti] ;  organ  of  Corti )  (Figs.  951,  952; 
is  composed  of  a  series  of  epithelial  structures  placed  upon  the  inner  part  uf  the 
basilar  membrane.  The  more  central  of  these  structures  are  two  rows  of  rod-like 
bodies,  the  inner  and  outer  rods  or  pillars  of  Corti.  The  bases  of  the  rods  are  supported 
on  the  basilar  membrane,  those  of  the  inner  row  at  some  distance  from  those  of  the 
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Basilar  Membrane. — The  basilar  membrane  stretches  from  the  tympanic  lip  of 
the  osseous  spiral  lamina  to  the  basilar  crest  and  consists  of  two  parts,  an  inner 
and  an  outer.  The  inner  is  thin,  and  is  named  the  zona  arcuata :  it  supports  the  spiral 
organ  of  Corti.  The  outer  is  thicker  and  striated,  and  is  termed  the  zona  pectmau. 
The  under  surface  of  the  membrane  is  covered  by  a  layer  of  vascular  connective 
tissue;  one  of  the  vessels  in  this  tissue  is  somewhat  larger  than  the  rest,  and  is 
Darned  the  vas  spirale;  it  lies  below  CortFs  tunnel. 


THE  INTERNAL  EAR  OR  LABYRINTH 


outer;  the  two  rows  incline  toward  each  other  and,  coming  into  contact  above, 
enclose  between  them  find  the  basilar  membrane  a  triangular  tunnel,  the  tunnel 
of  Corti.  On  the  inner  side  of  the  inner  rods  is  a  single  row  of  hair  cells,  and  on  the 
outer  side  of  the  outer  rods  three  or  four  rows  of  similar  cells,  together  with  certain 
supporting  cells  termed  the  cells  of  Deiters  and  Hensen.  The  free  ends  of  the  outer 
hair  cells  occupy  a  series  of  apertures  in  a  net-like  membrane,  the  reticular  membrane, 
and  the  entire  organ  is  covered  by  the  tectorial  membrane. 

Rods  of  Corti. — Each  of  these  consists  of  a  base  or  foot-plate,  and  elongated 
part  or  body,  and  an  upper  end  or  head;  the  body  of  each  rod  is  finely  striated,  but 
in  the  head  there  is  an  oval  non-striated  portion  which  stains  deeply  with  carmine. 
Occupying  the  angles  between  the  rods  and  the  basilar  membrane  are  nucleated 
cells  which  partly  envelop  the  rods  and  extend  on  to  the  floor  of  Corti’s  tunnel; 
these  may  be  looked  upon  as  the  undifferentiated  parts  of  the  cells  from  which  the 
rods  have  been  formed. 


The  inner  rods  number  nearly  6000,  and  their  bases  rest  on  the  basilar  membrane 
close  to  the  tympanic  lip  of  the  sulcus  spiralis  internus.  The  shaft  or  body  of  each 
is  sinously  curved  and  forms  an  angle  of  about  60  degrees  with  the  basilar  mem¬ 
brane.  The  head  resembles  the  proximal  end  of  the  ulna  and  presents  a  deep 
concavity  which  accommodates  a  convexity  on  the  head  of  the  outer  rod.  The 
head-plate,  or  portion  overhanging  the  concavity,  overlaps  the  head-plate  of  the 
outer  rod. 

The  outer  rods,  nearly  4000  in  number,  are  longer  and  more  obliquely  set  than  the 
inner,  forming  with  the  basilar  membrane  an  angle  of  about  40  degrees.  Their 
heads  are  convex  internally;  they  fit  into  the  concavities  on  the  heads  of  the  inner 
rods  and  are  continued  outward  as  thin  flattened  plates,  termed  phalangeal  processes, 
which  unite  with  the  phalangeal  processes  of  Deiters'  cells  to  form  the  reticular 
membrane. 

Hair  Ceils.— The  hair  cells  are  short  columnar  cells;  their  free  ends  are  on  a  level 
with  the  heads  of  Corti's  rods,  and  each  is  surmounted  by  about  twenty  hair-like 
processes  arranged  in  the  form  of  a  crescent  with  its  concavity  directed  inward. 
The  deep  ends  of  the  cells  reach  about  half-way  along  Corti’s  rods,  and  each  con- 
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tains  a  large  nucleus;  in  contact  with  the  deep  ends  of  the  hair  cells  are  the  terminal 
filaments  of  the  cochlear  division  of  the  acoustic  nerve.  The  inner  hair  cells  are 
arranged  in  a  single  row  on  the  medial  side  of  the  inner  rods,  and  their  diameters 
being  greater  than  those  of  the  rods  it  follows  that  each  hair  cell  is  supported  by 
more  than  one  rod.  The  free  ends  of  the  inner  hair  cells  are  encircled  by  a  cuticular 
membrane  which  is  fixed  to  the  heads  of  the  inner  rods.  Adjoining  the  inner 
hair  cells  are  one  or  two  rows  of  columnar  supporting  cells,  which,  in  turn,  are  con¬ 
tinuous  with  the  cubical  cells  lining  the  sulcus  spiralis  internus.  The  outer  hair  cells 
number  about  12,000,  and  are  nearly  twice  as  long  as  the  inner.  In  the  basal  coil 
of  the  cochlea  they  are  arranged  in  three  regular  rows;  in  the  apical  coil,  in  four, 
somewhat  irregular,  rows. 

Between  the  rows  of  the  outer  hair  cells  are  rows  of  supporting  cells,  called  the 
cells  of  Deiters;  their  expanded  bases  are  planted  on  the  basilar  membrane,  while 
the  opposite  end  of  each  presents  a  clubbed  extremity  or  phalangeal  process.  Imme¬ 
diately  to  the  outer  side  of  Deiters’  cells  are  five  or  six  rows  of  columnar  cells,  the 
supporting  cells  of  Hensen.  Their  bases  are  narrow,  while  their  upper  parts  are 
expanded  and  form  a  rounded  elevation  on  the  floor  of  the  ductus  cochlearis. 
The  columnar  cells  lying  outside  Hensen’s  cells  are  termed  the  cells  of  Claudius. 
A  space  exists  between  the  outer  rods  of  Corti  and  the  adjacent  hair  cells;  this  is 
called  the  space  of  Nuel. 

The  reticular  lamina  (Fig.  952)  is  a  delicate  frame-work  perforated  by  rounded 
holes  which  are  occupied  by  the  free  ends  of  the  outer  hair  cells.  It  extends  from 
the  heads  of  the  outer  rods  of  Corti  to  the  external  row  of  the  outer  hair  cells,  and 
is  formed  by  several  rows  of  “  minute  fiddle-shaped  cuticular  structures,”  called  pha¬ 
langes,  between  which  are  circular  apertures  containing  the  free  ends  of  the  hair  cells. 
The  inner  most  row  of  phalanges  consists  of  the  phalangeal  processes  of  the  outer 
rods  of  Corti ;  the  outer  rows  are  formed  by  the  modified  free  ends  of  Deiters’  cells. 

Covering  the  sulcus  spiralis  internus  and  the  spiral  organ  of  Corti  is  the  tectorial 
membrane,  which  is  attached  to  the  limbus  laminae  spiralis  close  to  the  inner  edge 
of  the  vestibular  membrane.  Its  inner  part  is  thin  and  overlies  the  auditory  teeth 
of  Huschke;  its  outer  part  is  thick,  and  along  its  lower  surface,  opposite  the  inner 
hair  cells,  is  a  clear  band,  named  Hensen’s  stripe,  due  to  the  intercrossing  of  its  fibers. 
The  lateral  margin  of  the  membrane  is  much  thinner.  Hardesty1  considers  the 
tectorial  membrane  as  the  vibrating  mechanism  in  the  cochlea.  It  is  inconceivably 
delicate  and  flexible;  far  more  sensitively  flexible  in  the  transverse  than  in  the 
longitudinal  direction  and  the  readiness  with  which  it  bends  when  touched  is  beyond 
description.  It  is  ectodermal  in  origin.  It  consists  of  fine  colorless  fibers  embedded 
in  a  transparent  matrix  (the  matrix  may  be  a  variety  of  soft  keratin),  of  a  soft 
collagenous,  semisolid  character  with  marked  adhesiveness.  The  general  transverse 
direction  of  the  fibers  inclines  from  the  radius  of  the  cochlea  toward  the  apex. 

The  acoustic  nerve  (n.  acusticus;  auditory  nerve  or  nerve  of  hearing)  divides  near 
the  bottom  of  the  internal  acoustic  meatus  into  an  anterior  or  cochlear  and  a 
posterior  or  vestibular  branch. 

The  vestibular  nerve  (n.  vestibularis)  supplies  the  utricle,  the  saccule,  and  the 
ampullae  of  the  semicircular  ducts.  On  the  trunk  of  the  nerve,  within  the  internal 
acoustic  meatus,  is  a  ganglion,  the  vestibular  ganglion  {ganglion  of  Scarpa );  the 
fibers  of  the  nerve  arise  from  the  cells  of  this  ganglion.  On  the  distal  side  of  the 
ganglion  the  nerve  splits  into  a  superior,  an  inferior,  and  a  posterior  branch.2  The 
filaments  of  the  superior  branch  are  transmitted  through  the  foramina  in  the  area 
vestibularis  superior,  and  end  in  the  macula  of  the  utricle  and  in  the  ampullae 
of  the  superior  and  lateral  semicircular  ducts;  those  of  the  inferior  branch  traverse 


1  American  Journal  of  Anatomy,  1908,  vol.  8. 

*  The  nerve  sometimes  splits  on  the  proximal  side  of  the  ganglion,  and  the  latter  is  then  divided  into  three  para, 
one  on  each  branch  of  the  nerve. 
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the  foramina. in  the  area  Vestibularis  inferior,  and  cm!  in  the  macula  of  the  saccule. 
The  .posterior  branch  runs  t  hrough  the  foramen  singitlare.  at  the  pOstero-iriferior 
part  of  the  bottom  of  tlig  tu'ea^us  and  divides  into  lilftmcots  for  the  supply  of  the 
ampulla  of  the  posterior  seJiucirruJar  duct. 

Thc  codrfearnerva  (  n  eiwWea  w.l  divides  into  numerous  filantents  at  the  base  of  the 
nuxlioius.;  those  for  the  hKsal  utul  mtddle  coiis  pass  through  the foramina  in  the 
'tract  us  spiralis  forjnrtousis,  those  for 
the  apical  coil  through  theTAtvauS  ccft’’: 
tralis,  atui  nerves  bejul  onward  -to 
pass  between  the  huneilar  of  the  osseous 
spiral  lamirVu.  0cCtfpyiug  the  spiral 
canal  of  the  is  the  spiral 

ganglion  ol  the  cochlea  (ganglion,  of 
Corti)  ib%.  rtuiKiatirtg  of  bipolar 

nerve  celts,  which  constitute  the  cells 
of  origin  of  thfe  jierv'c:.  Keaebing  the 
outer  edge  of  the  osseous.  spiral  lamina, 
the  fibers,  of  the  nerve  pass  through 
the  foramina  i»  thc  tVcipkmc  lip;  some  .  . 

end  by  arborHing  amumf  tfe;bs^  of  F,tf :  “MU,Uc 

the  inner  '.hair  cells*  wfejfe 

between  Com'* rods  ami  iu:r*m  the  tunnel,  to  end  in  a  similar  manner  in  relation 
to  the  outer  hair  cells.  The  coddear  nerve  giwa  off  a  vestibular  branch  to 
supply  the  -vestibular  cud  of  tW  ductus  eoehleari^ ;  the  filaments  of  this  branch 
through  the  foramina  in  the  fossa  vbehlearis  (page  1056), 

V*&»el^—7he  arteries  of  th«  lafcyrmtii  are  the  fotera&i  auditory,  from  the  basilar,  and  the 
£»tyiori\^(oidT  from  the  posterior  auricular.  The  internal  auditory  artery  divides  at  the  bottom 
of  the  internal  acoustic rdehtus  into  two  branches:  eochfeay.'  aod.  veutjbular.  The  cochlear 
bfckrich  subdivides  iqtd  twelve  or  fourteen  twigs,  which  traverse  ihfc dfc  modiolus, 
aod  ore  distributed,  in  the  form  of  a  capillary  network,  it»  ti\e  lamina  spirals*  and  barite  mem¬ 
brane  The  vestibular  branches  are  distributed.  to  the  utrickv  sawoI**  and  mmteikvxlNt’  duets. 

The  vein*  of  the  vestibule  and  snmidrcular  canala  accompany  the  «.rterb^r  and,  receiving 
t  hose  of  the  cochlea  at  the  base  of  the  modiolus,  unite  to  form  the  internal  and) lory  veins  which 
end  in  the  posterior  pari  of  the  superior  petrosal  sinus  or  in  the  vrarts^f^c  mdos- 
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T he  t vrtdmaftous  of  the  nerves  asspciateii  with  wtRaaiiOMi-f,  t|«*  tmift- 

cular  feenrie  and  the  of  lieai,  cold,  pain,  and  pressuVk  a re  widely  dismbutod  ^hrdughout 

thj&  body:  Thc^e  nerv.«&  may  end  frpt  among  the  tissue  elements,  & t  in  special, etid-crrijan*  where 
the  filament*  are  vndosfed  in  capsuk‘>sr  .‘;Kv!,'v;l 

Yv94t  cianra-eadicgii  hecitr  chiefly  in  the  epidermis  and  in.  the  opit^kburn 
rttuebus  niembnaoes;  they  ara  well  seen  also  in  the  gratified  squ^t^ts^nthejium  df  f he  c bmea, 
awnd  are  ah#  found,  in  the  root-sheaths  and  papilla*  oi  the  and  uroUtid  the  Jkxiies  Vif  the 

i  glands.  When  the  nerve  fiber  approaches  its  the  medullary  sheath 

&udd<?idy  disrappears,  leaving  only  the  aas-cy  lindcr  surrounded  by *ieMrolemjha,  After  a  t  ime 
the  liber  Wes  it*  neuroiemma.  and  c onsets  only  of  au  tucirwylividcr,  which  ran  •  be  u» 

preparoMons  stained  with  chloride  of  gold,  t.o  be  made  up  of  fine  vamoso  hbrilte.  Finally,  the 
axi^^ytiiidcr  break*  Up  into  its  Witts tifucut  hbrillie  whirh. often  present  reguiur  varicaiefitios  and 
with  one  ai*rjtherr  and  eml  in  sbiall  knobs  or  db^s  i<(d^Vw;h  the  epitheUhl  ceils, 

Lr nder  thia  heudiug  may  be  the  tagitu'o  disks  dcfeivibiyi  by  M crkcl  m  .ftcCuTring  ih  the 

epidermis,  of  the  pig's  snout; .  where  the  fibriiia;  the  a xisHvv lindcr  wtd  h>  cii{v^hapcd  disks  in 
apposition  with  large  epithelial  cells. 

Th»j  RpcrcUl  eTid-otgaus  exhibit  great  variety  in  size  and  Hh*j 4y  b’}d  ha yA  otib (eh t ure  sD  CoLtimijn, 
viz.,  the  terminal  -nerve  FibrilUe  are  enveloped  by  a  capsulk  include  in  this  arc,  (lie 

bujbtt  of  Krause,  the  <?orpu5clc«  of  Gran  dry,  of  Tacini,  of  and  Miazoiu,  pt  \Vltgncr  and 

Meiasoer,  and  the  neural eudiuous  and  nciiromudcular  iSpindhk.; 
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The  *gd-ini3b8  of  Kraus*  (Fifc,  #£4^;  tM.o.  'vr^ bodi 
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Fig.  9iW.~ Papilla  of  the  hand,  ***& 

add.  M/^nitled  8.10  timw.  rl.  Side  **i*w  of  ajiiyriw- 
nf  tbc  liftfid.  »i  Cortical  Uv«*r  0.  Ttrtite  r- 

BmaJi  ttervo  of  Ihe  papillfi,  with  oefirttemfuiu  *  ft* 
ptirvouw  fiber*  mnnitiK  with  i^yir^l  c^V-*  around  t h* 
i.'orj>iis«lf,  f.  Apparent  te/mi nation  of  um.-nt  them  t  >-* 

tS>  A  iftttito  pepillft  ftom  abooe  pc  a?  v*.  ‘ 

tuwuBverac  wjctinr:,-  <r,  Cortical  layer.  thpr-  < 


Fin.  ‘14$..— -I -awtdttn  corpwaeJo.  with  ite  ayartwm  of 
sapaulfe  ftfvi  duHra*  -jcavUy..  u.  Arterial  uud- 

Ihg  jo  -^pijjAPuvt,  which  luiii]  loops  iu  pome  of  the 
roVbrC^pijular  niid  one  iicin*  trails*  to  The  cenf 

t-ral  capKiih*.  1/  The  fibrous  tissue  of  thp  ataik.  »>. 
Ne.rvo:  tub^  advorii-TiK  to  the  antral  capsule,  then.4 
k>*i.ng  ite  white  flatter,  and  stretchy#  along.  the 
ins  to  the  opposite  «fid„  where  it  ends  by  a  tubercu* 
Jated  ertnargounfsiu 


Outer  layer  of  the  tactile  body,  with  nu^ei.  d.  I'JeAf 
interior  nubaterw’*, 

gated  or  tvylindvkfll  in  shape,  is  filled  with  a  transparent  core,  it*  the.  middle  of  wh)>b;  $'•  ***** 
cylinder  travSs^jB  the  space  to  pear  its  dist/d  o^tremity;  where  it  etuis  ni  wto  or  /ni<Pv 
kimba.  -.TtidtJ  r»pd  Bowman  -f»ave,:;:de«4nhed  jjfttiUite  arteries  #*  entering  by  the  ff. 
nerv  es  and  (orttiing  capillary  loffpsyk/tbe  ip.t^rrupsiddr  spiiwsj.  and  even  p«,ngtr»tgfg.Ti>if».  $**• 
cetevuJ 
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fibers  by  fiAfctetied  or  irregular  avoid  or  roiladM  disks  >|*i&  %aiirawusrJii»; 

spindles  have  irot  yet  f^mrUomotistrMad  in  the  * onguv  musics,  and  only  u  few  n%i  m  the 
oeui&r  muscles.  '  .  "  V  .  \  . . j  ;:  ;  -  ^ 
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jfio.  -8&0  : third  of  <n  HTmu7jttl  plaque  hi  tli*  fr»uwie  **pindiw  of  an  ftilulk  **»*•,  (\lfter  Ruffins  j 


THE  COMMON  INTEGUMENT  (INTEGUMINTUM  COMMUNE:  SKIN!. 

The  integument  (Fig.  9b0)  wm  the  body  arid  protects  tin-  deeper  tissue*  from 
injury,  front  drying  aiu]  from  invasion  by  foreign  organisms;  it  contains  the  psp 
Spheral  endings  of  many  of  the  sensory  nerves;,  it  plays  an  important  jiart  in  tfcf 
regidatian  of  the  body  temperature,  and  has  also  limited  exm-tory  and  abMabine 
powers.  ft  consists  prinoipa Uy  ofa  layer  t>rvastndar  cciri4eir(iex?!t!ssue,  u&ntrd  de 
coriunv  or  cutis  Vera,  and  an  external  covering  of  epithelium,  termed  the  epidermis 
or  cuticle-  On  the  surfxty  of  the  fomxr  layer  are  sensitive  and  vascular  pallia; 
within,  or  beneath  it,  arc  certain  organs  with  special  functions:  namely ,  the  sadorit- 
erous  and  sebaceous  glands,  arid  the  hair  follicles. 

Development.  'The  e|>!'.ier£i»is  and  its  appendages,  consisting  of  the  hairs/ isftfe 
sebaceous  and  sweat  gfends,  dfe'S'chiped  from  the  moderm.  w  hile  the  eortfoji  cf 
true,  skin  is  of  mesodenriaf  origin.  About  the-  fifth  Week  the  epidermis  coioatM*;' 
two  layers  of  cells,  the;  deeper  one  corresponding  to  t  be  rote  mucosum,  The  saht  t»»- 
neons,  fat  appears  about  the  hmrtli  month,  arid- the  papilla?  of  the  true  skin  about  lie 
sixth.  A  considerable  desquamation  of  epidermis  takes  place  during  fetal  lift .  aid 
titig  ilbsquanutfed  epidermis,  mixed  with  sebaeeoris  seerefion/eoristituti's  tlie  verua 
casehsa,  with  which  the  skin  is  smeared  during  the  hist  three  months  of  fetal 
nails  arc  ff«rmed;  at  the  tbfod  month*  arid  liegin  to  project  from  the  epidermte  slimil 
th  .-  sixth.  Tho  hairs  appear  between  the  third  and  fourth  months  io  the  forte  >/ 
solid  downgrowtbs  of. the  d<ep<f  [aver  of  the  epidermis,  the  growing  ext remitas 
<sf  which  become  inverted  by  papilla ry  projections  from  the  etmumi  The  jtrofpH 
cells  of  the  solid  downgroWths  undergo  alteration  to  form  the  hair,  while  tie 
peripheral,  cells  are  retained  t<>  form  the  lining  Cells  of  the  hair-follicle.  AlvuT  fK 
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to  a  very  considerable  extent  at  birth.  The  more  superficial  layers  of  cells,  called 
the  horny  layer  (stratum  corneum ),  may  be  separated  by  maceration  from  a  deeper 
stratum,  which  is  called  the  stratum  mucosum,  and  which  consists  of  several  layers 
of  differently  shaped  cells.  The  free  surface  of  the  epidermis  is  marked  by  a 
net-work  of  linear  furrows  of  variable  size,  dividing  the  surface  into  a  number  of 
polygonal  or  lozenge-shaped  areas.  Some  of  these  furrows  are  large,  as  opposite  the 
flexures  of  the  joints,  and  correspond  to  the  folds  in  the  curium  produced  by  move¬ 
ments.  In  other  situations,  as  upon  the  back  of  the  hand,  they  are  exceedingly 
fine,  and  intersect  one  another  at  various  angles.  Upon  the  palmar  surfaces  of  the 
hands  and  fingers,  and  upon  the  soles  of  the  feet,  the  epidermal  ridges  are  very  dis- 
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Fio.  £H>0. — A  diagrammatic  sectional  view  of  the  #kin  (magnified;. 


tinct,  and  are  disposed  in  curves;  they  depend  upon  the  large  size  and  peculiar 
arrangements  of  the  papilhe  upon  which  the  epidermis  is  placed.  Tha  function 
of  these  ridges  is  primarily  to  increase  resistance  between  contact  surfaces  for  the 
purpose  of  preventing  slipping  whether  in  walking  or  prehension.  The  direction 
of  the  ridges  is  at  right  angles  with  the  force  that  tends  to  produce  slipping  or  to 
the  resultant  of  such  forces  when  these  forces  vary  in  direction.1  in  each  individual 
the  lines  on  the  tips  of  the  fingers  and  thumbs  form  distinct  patterns  unlike  those  of 
any  other  person.  A  method  of  determining  the  identity  of  a  criminal  is  based  on 

J  Whipple,  Iiibx  L  ,  The  Ventral  Surf  acre  of  the  Mammalian  Gluridiumy  atri,  Zoit  f.  Morph,  u  Anthropol., 
1004.  vol.  vii 


ORGANS  OF  THE  SENSES  AND  THE  COMMON  IXTEGUMEST 


this  fact,  impressions  (“finger-prints”)  of  these  lines  being  made  on  paper  covered 
with  soot,  or  on  white  paper  after  first  covering  the  fingers  with  ink.  The  deep 
surface  of  the  epidermis  is  accurately  moulded  upon  the  papillary  layer  of  the 
corium,  the  papillae  being  covered  by  a  basement  membrane;  so  that  when  the 
epidermis  is  removed  by  maceration,  it  presents  on  its  under  surface  a  number  of 
pits  or  depressions  corresponding  to  the  papillae,  and  ridges  corresponding  to  the 
intervals  between  them.  Fine  tubular  prolongations  are  continued  from  this 
layer  into  the  ducts  of  the  sudoriferous  and  sebaceous  glands. 

The  epidermis  consists  of  stratified  epithelium  which  is  arranged  in  four  layers 
from  within  outward  as  follows:  (a)  stratum  mucosum,  (b)  stratum  granulosum,  (c) 
stratum  Iucidum,  and  (d)  stratum  corneum. 
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The  stratum  mucosum  (mmous  layer)  is  composed  of  several  layers  of  cells;  the* 
of  the  deepest  layer  are  columnar  in  shape  and  placed  perpendicularly  on  tk 
surface  of  the  basement  membrane,  to  which  they  are  attached  by  toothed  extrem¬ 
ities;  this  deepest  layer  is  sometimes  termed  the  stratum  germinativum ;  the  succeed¬ 
ing  strata  consist  of  cells  of  a  more  rounded  or  polyhedral  form,  the  contents  of 
which  are  soft,  opaque,  granular,  and  soluble  in  acetic  acid.  These  are  known  a* 
prickle  cells  because  of  the  bridges  by  which  they  are  connected  to  one  another, 
They  contain  fine  fibrils  which  are. continuous  across  the  connecting  processes 
with  corresponding  fibrils  in  adjacent  cells.  Between  the  bridges  are  tine  inter¬ 
cellular  clefts  serving  for  the  passage  of  lymph,  and  in  these  lymph  corpuscles  or 
pigment  granules  may  be  found. 

The  stratum  granulosum  comprises  two  or  three  layers  of  flattened  cells  which 
contain  granules  of  eleidin ,  a  substance  readily  stained  by  hematoxylin  or  carmine, 
and  probably  an  intermediate  substance  in  the  formation  of  keratin.  They  are 
supposed  to  be  cells  in  a  transitional  stage  between  the  protoplasmic  cells  of  tk 
stratum  mucosum  and  the  horny  cells  of  the  superficial  layers. 

The  stratum  Iucidum  appears  in  section  as  a  homogeneous  or  dimly  striated  mem¬ 
brane,  composed  of  closely  packed  cells  in  which  traces  of  flattened  nuclei  may  be 
found,  and  in  which  minute  granules  of  a  substance  named  kerahhynlin  are  present. 

The  stratum  corneum  (homy  layer)  consists  of  several  layers  of  horny  epithelial 
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scales  lo  which  rio  nuclei  are  discernible,  and  which  lire  unaffected  by  acetic  acid,  the 
protoplasm  having  become  changed  into  horny  material  or  keratin.  According  to 
jit  aimer  they  contain  granules  of  a  niaterial  which  has  thcchttriwteiristjcs of  beeswax. 

The  black  color  of  the  skin  m  the  negro,  and  the  tawny  color  among  some  of 
the  white  races,  is  due  to  the  presence  of  pigment  in  the  cells  of  the  epidermis. 
This  pigment,  is  more  especially-  distinct  in  the' cells  of  the  stratum  mueosunv,  and 
is  safeUar  to  that  found  in  the  cells  of  the  '.rfc&Wiiu :  As  the 

cells  approach  the  surface  and  desiccate,  the  color  becomes  partially  lost;  the 
disappearance  of  .-the  pigment,  from  the  superfidal  »ayej«  of  the  epirika-nus  is, 
however,  ^iSieult  to  idtplfiitt.  a  -/  \ 

The  pigment  (melanin)  consists  of  dark  brown  or  black  granules  of  very  small 
size,  closely  packed  together  with  in  the  cells,  but  imt  iiu-olvii^  tlir.  huefeus 
The  n«i in  purpose  served  by  the  epidermis  is  that  of  protection,  '.vs  the  surface 
is  worn  away  new  cells  are  supplied  and  thus  the  true  skin,  the  vessels  and  nerves 
which  it  contains  are  defended  from  damage 
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\St>aK<*holi'> 

The  Cerium,  Cutis  Vera,  Dermis,  or  True  Skin  is  thiigh,  flexible,  and  highly 
elastic.  It  varies  in  thickness  in  -different  parts  of  the  body.  Thus  it  is  very 
thick  In  the  palms  of  the  hands  rind  soles  of  the  feet ",  thicker  on  the  posterior  aspect 
of  the  body  than  on  the  front,  ami  on  the  lateral  than  on  the  medial  sides  of  the 
lituhs.  In  the  eyelids,  scrotum,  arid  penis  it  is  exceediugly  tlvin  ami  delicate. 

It  Consists  of  felted  connective  tissue,  with  a  varying  amount  of  elastic  fibers 
and  numerous  bloodvessels,  lymphatics,  and  nerves.  The  connective  tissiit-  is 
arranged  in  two  layers:  a  deeper  or  reticular,  and  n  superficial  or  papillary.  1 
stripwl  muscular  fibers  arc  found  in  the  superficial  layers  of  tiic  Corumv.  whenever 
hairs  are  present,  and  ns  the  suhtiitune**us  areolar  tissue  iff  the  scrotum,  penis, 
labia  majors,  and  nippies.  In  the  nipples  the  fibers  are  disposed  in  bands,  elo.-cly 
reticulated  and  arranged  in  superimpos'd  lamina?. 

The  reticular  layer  itU'ifoini  rcticniarc;  deep  by<r)  consists  of  strong  interfacing 
hands,  composed  chiefly  of  white  fibrous  tissue,  but  eon  taming  .jurist?  fibers  of  yellow 
elastic  tissue, which  vary  in  number  in  different  parts,  and  oormeetiVc-i  isme  cor¬ 
puscles,  which  are  often  to  be  found  Harteried  against  the  white  fibrous  ussuc  bundles. 
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Toward  the  attached  surface  the  fasciculi  are  large  and  coarse,  and  the  areola 
left  by  their  interlacement  are  large,  and  occupied  by  adipose  tissue  and  sweat 
glands.  Below  the  reticular  layer  is  the  subcutaneous  areolar  tissue,  which,  except 
in  a  few  situations,  contains  fat. 

The  papillary  layer  {stratum  papillare;  superficial  layer;  corpus  papillare  of  the 
corium)  consists  of  numerous  small,  highly  sensitive,  and  vascular  eminences, 
the  papillae,  which  rise  perpendicularly  from  its  surface.  The  papillae  are  minute 
conical  eminences,  having  rounded  or  blunted  extremities,  occasionally  divided 
into  two  or  more  parts,  and  are  received  into  corresponding  pits  on  the  under 
surface  of  the  cuticle.  On  the  general  surface  of  the  body,  more  especially  in  parts 
endowed  with  slight  sensibility,  they  are  few  in  number,  and  exceedingly  minute;  but 
in  some  situations,  as  upon  the  palmar  surfaces  of  the  hands  and  fingers,  and  upon 
the  plantar  surfaces  of  the  feet  and  toes,  they  are  long,  of  large  size,  closely  aggre¬ 
gated  together,  and  arranged  in  parallel  curved  lines,  forming  the  elevated  ridges 
seen  on  the  free  surface  of  the  epidermis.  Each  ridge  contains  two  rowys  of  papillae, 
between  which  the  ducts  of  the  sudoriferous  glands  pass  outward  to  open  on  the 
summit  of  the  ridge.  Each  papilla  consists  of  very  small  and  closely  interlacing 
bundles  of  finely  fibrillated  tissue,  with  a  few  elastic  fibers;  within  this  tissue  is  a 
capillary  loop,  and  in  some  papillae,  especially  in  the  palms  of  the  hands  and  the 
fingers,  there  are  tactile  corpuscles. 

The  arteries  supplying  the  skin  form  a  net-work  in  the  subcutaneous  tissue,  and  from  thii 
net-work  branches  are  given  off  to  supply  the  sudoriferous  glands,  the  hair  follicles,  and  the 
fat.  Other  branches  unite  in  a  plexus  immediately  beneath  the  corium;  from  this  plexus,  fine 
capillary  vessels  pass  into  the  papillae,  forming,  in  the  smaller  ones,  a  single  capillary  loop,  but 
in  the  larger,  a  more  or  less  convoluted  vessel.  The  lymphatic  vessels  of  the  skin  form  two 
net-works,  superficial  and  deep,  which  communicate  with  each  other  and  with  those  of  the  sub¬ 
cutaneous  tissue  by  oblique  branches. 

The  nerves  of  the  skin  terminate  partly  in  the  epidermis  and  partly  in  the  corium;  their  different 
modes  of  ending  are  described  on  pages  1067  to  1069. 

i 

THE  APPENDAGES  OF  THE  SKIN. 

The  appendages  of  the  skin  are  the  nails,  the  hairs,  and  the  sudoriferous  and 
sebaceous  glands  with  their  ducts. 

The  Nails  {ungues)  (Fig.  963)  are  flattened,  elastic  structures  of  a  horny  texture, 
placed  upon  the  dorsal  surfaces  of  the  terminal  phalanges  of  the  fingers  and  toes. 
Each  nail  is  convex  on  its  outer  surface,  concave  within,  and  is  implanted  by  a 
portion,  called  the  root,  into  a  groove  in  the  skin;  the  exposed  portion  is  called  the 
body,  and  the  distal  extremity  the  free  edge.  The  nail  is  firmly  adherent  to  the 
corium,  being  accurately  moulded  upon  its  surface;  the  part  beneath  the  body  and 
root  of  the  nail  is  called  the  nail  matrix,  because  from  it  the  nail  is  produced.  Under 
the  greater  part  of  the  body  of  the  nail,  the  matrix  is  thick,  and  raised  into  a  series 
of  longitudinal  ridges  which  are  very  vascular,  and  the  color  is  seen  through  the 
transparent  tissue.  Near  the  root  of  the  nail,  the  papillae  are  smaller,  less  vascular, 
and  have  no  regular  arrangement,  and  here  the  tissue  of  the  nail  is  not  firmly 
adherent  to  the  connective-tissue  stratum  but  only  in  contact  with  it;  hence  this 
portion  is  of  a  whiter  color,  and  is  called  the  lunula  on  account  of  its  shape. 

The  cuticle  as  it  passes  forward  on  the  dorsal  surface  of  the  finger  or  toe  is 
attached  to  the  surface  of  the  nail  a  little  in  advance  of  its  root;  at  the  extremity  of 
the  finger  it  is  connected  with  the  under  surface  of  the  nail  a  little  behind  its  free 
edge.  The  cuticle  and  the  horny  substance  of  the  nail  (both  epidermic  structures ) 
are  thus  directly  continuous  with  each  other.  The  superficial,  horny  part  of  the 
nail  consists  of  a  greatly  thickened  stratum  lucidum,  the  stratum  corneum  forming 
merely  the  thin  cuticular  fold  (eponychium)  which  overlaps  the  lunula;  the  deeper 
part  consists  of  the  stratum  mucosum.  The  cells  in  contact  with  the  papillae  of  the 
matrix  are  columnar  in  form  and  arranged  perpendicularly  to  the  surface;  those 
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which  succeed  them  are, of  a  rounded  or  polygonal  forth,  the  more 
becoming  hroati,  thin,  and  flatteiied,  anei  so  cfosdfy  packwl  as  to  make 
of  the  cells  very  indist  inct.  The  nails  grow /in  length.  by  the  proliferation  of  the 
cells  of  the  stratson  mucosuin  at  tberoot  of  the  nail,  aud.jp.  tibickness  fwoi  that 
part  of  the  stratum  mucosiinv  winch  underlies  the  lunula. 
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Hairs  (piti)  are  found  on  nearly  every  part  of  the  surface  of  the  body,  but  are 
absent  from  the  palms  of  the  hands,  the  soles  of  the  feet  ,  the  dorsal  surfaces  of  the 
terminal  phalanges,  the  gians  penis,  the  inner  surface  of  the.  prepuce,  and  the 
inner  surfaces  of  the  Ubi,s.  They  vary  rnudt  in  length,  thickness,  and  color  in 
different  parts  of  the  body  and  it*  diifemtt  races  of  mankind.  In  some  parts,  as 
iu  the  skin  «f  the  eyelids,  they  art-  so  abort  as  not  to  project  beyond  the  follicles 
containing  them  yin  others. yos  Upon  the  scalp,  they  are  of  considerable  length; 
again,  in  other  parts,  m  the  eyelashes,  the  hairs  of  t  he  pubic  region,  and  the  whiskers 
atul  beard,  they  arc  remarkable  for  their  thickness.  Straight  hairs  are  stronger 
than  curly  hairs,  and  present  on  traasver.ye  sanction  si  cylindrical  or  oval  out .line i 
curly  hairs,  on  the  other  hand,  are  fkitteni'd.  A  hair  consists  id  a  root,  the  part  im* 
planted  in  the  skin;  and  a  shaft  or  scapus,  the  portion  projecting  from  the  surfabev 

The  root  of  the  hair  (rtulex  pili)  chchf  in  an  enlargement,  the  hair  bulb,  which  Is 
whiter  in  color  and  softer  in  texture  than  the  ^haft.  find  i>  lodged  in  a  follicular 
involution  of  fin'  epidermis  .called  the  hair  follicle  (Tig.  Pt»4).  When  the  hair  is  of 
considerable  length  the  follicle  extends  into  the  suheotaneous  cellular  tissue.  The 
hair  follicle  commences  on  the  surface  of  the  ski ti  with  a  fttriiiel-shaped  /opening, 
and  passes  iimtird  in  ap  oblique  or  ctirved 

lkccomc.  dilated  at  its  deep  extremity,  where  it  corrcsjionfls  with  the  hair  bulb. 
Opening  '.into  the  fullrclej  near  its  free  extremity,,  are  the  duets  pfopeypr  more 
sebaceous  glands.  At  the.  bottom  of- each  hair  follicle  (is- A-  suifttt  conical.  Vascular 
eminence  or  papilla,  similar  jit  evftry.-  respect  to  those  found  upon  the  surface  of  the 
skin;  it  is  continuous  with  the  dermic  layer  of  the  follicle,  and.  is  mipplied  with. 
nerVe  fibrils.  The  hair  follicle  consists  of  tvVo  <og.ts  — an  outer  or  deraiic.  and  aD 
inner  or  epidermic.  -  ‘  ‘ , 

The  outer  or  dermic  coat  is  formed  mainly  of  fibrous  tissue;  it  is  continuous 
with  the  coritmi,  is  highly  vascular,  and  supplied  by  numerous  minute  nervous 
filaments.  k  consists  of  three  layers  (Fig.  965).  The  most  internal  b.  »  hyaline 
hiiswstpent  membrane,  which  ih  well-marked  In  the  larger  Hqir  follicj^,  but  is  not 
very  distinct  in  the  follicles  of  twrmfe  hairs:  it  is  limited  to  the  deeper  part,  of  the 
follicle.  Outside  this  is  U  compact  layw  of  fibers  and  spindle-shapeil  eells  arr»  aged 
■eircJilarly  ttrourid  t/he  toilielcf;:  lay^er*  extends  from  the  bottom  pi  the  follicle 

o  -  high  as  the  enframe  of  the  ducts  of  the  sebaceous  glands.  Externally. is  a  thick 
layer  of  cr.nnective  tissue,  arranged  in  hmgirodiwd  bundles,  forming  a  more 
open  texture  and  torrcspondiiig  to  the  reticular  part  of  the  eoriuiu.  in  this  art 
ctmtained  the  bloodvessel:- j*nd  nerves. 

The  inner  or  epidermic  coat  is  closely  adherent  to  the  root  of  the  lutir.  and  coil- 
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strata  ))amt*<J  respectively  the  eater  and  toner  root  sheaths;  the  furmtr 
of  .these  corresponds  with  the  stratum  raucosnai  of  the  epidermis,,  and  rv-eraiita 
it.  in  the  rntimied  form.  and  soft,  character  of  its  evil*;  at  the  bottom  of  .the  hair 
follicle  these  cells  become  continuous  with  those  of  the  root  of  the  hair.  Tin-  inw* 
root  sheath  cousisrs  of  (1)  a  delicate  cuticle  next  the  hair,  composed  «/ 
layer  of  imbricated  scales  with  atrophied  nudei ;  (2)  one  or  two  layers  of  b ntcy. 
flattened,  nucleated  cells,  known  as  Huxley’* layer;  imd  (3)  a  single  layer  of  cubical 
'cells  with  dear  flattened  nuclei,  called  Heole’s  layer. 
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J’*ci  Ms — 3wtu>tf  slj^irig  *ln»  pfjideirmi*  jw»d  dermis;  a  hair  in  H#  follicle;  Un<  Arrectot  jail* 


The  hair  hull/  is  moulded  over  the  papilla  and  composed  of  polyhedral 
e&lK  tf|dph  as  they  pass  upward toto  tiiv  root of  the  hair  become  elongated 
spintfle.-shajied,  except  si>me  in  the  center  which  remain  polyhedral  Stour  $ 
these; latter  cells  contain  pigment  granules  which  give  rise  to  the  color  of  the  brii1- 
It  ocoiisionaily  happens  that  these  pigment  granules  erunpletely  till  the  cvlH it* 
the  eenfer  of  the  bulb;  the--  gives  rise  to  the  dark  tract  of  .pigment  trfuxi  h  »«:<•■, 
of,  greater  or  less  length.  in  the  axis  of  the  hair. 

The  shaft  of  the  hair  (mipuf  p>!i)  consists,  from,  within  outward,  of  thm-  |>>'i 
the  medulla,,  tho  cortex,  . and  the  cuticle.  The  medulla  is  usually  wanting  iu  da 
surface  uf  the  body,  and  commonly  »»  those  of  the  hetf'V 


firio  liisiif^  cWyering 


It.  j>  mure  oj>acjuc  and  deeper  colored  than  the  cortex  when  viewed  by  traiwwun'. 
light:  but  when  viewer!  by  reflected  light  it  is  white.  It  is  cornj>osc d  »*f  mw  i l 
polyhedral  ceils,  containing  granules  of  cteidin.  and  frequently  air  spaett.  Tie 
cortex  onn-t.i.TnUs  the  duet'  part  of  the  shaft;  its  cells  are  elongated  and  aae-a 
to  form  flattened  fusiform  libers  which  eunt.ii in  pigment  granules  in  dark  ’mot,  ’ 
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and  air  ih  white  hub'.  The  cuticle  consists  of  a  single  layer  of  flat  scales  which 
overlap  one  another  from  betow  upward.  -  ,  '  . 

Connected  with  the  hair  follicles  are  minute  bundles  of  nivoluntarv  nnjstbular 
fitters,  termed  the  Arrectores  piionun.  They  arm  from  the  superficial  layer  of 
the  corjum,  and  arc  inserted  into 
ttiehniri^Uctfefi^wtfectotritnce 
oftlie  du.ct  ofthc-sebaet'eiusgtanih 
They  arc  plueedon  the  side  fwtofd 
which  the  hair  slopes*  ind  by 
their  action  diniiuish  the  8|| 

ity  of  the  follicle  and  elevate  the 
hair  (Fig.  t«di.’  The  sebaceous 
gland  is  situated;  ha the  angle  Mj{ 

which  the  Arreetor  muscle  furms  . ,  3,0  ■  *"&?*• 
with  the  sVtperfiOuil  fairi&«t  of  the 
hair  follicle,  and  contraction T)f  ^ 

the  muscle  thus  tends  to  squeeze  "J 

the  sebaceous  secret  ino  but  from  MiitnH-j  ■'  @  /-a  tpl#*  di &T  ’%$$$ 

the  duct  of  the  gland,  >#***’  ^S?S5» 

The  3«b^m\is  (ylimi-  #*&?*  „ 

vice  sehams)  are  small,  satt-ulated, 

glandular  organs,  lodged  m  the  -  .  \^:^»SpwKgTMgBBfc 

substance  of  the  curium.  They 
are  found  ]n  most,  parts  of  the 
skin,  but  are  especially  abundant 
in  the  scalp  and  face;  they  are 
also  very  numerous  around  the 
aperturesof  theanus,  nose,  mouth, 
and  external  car.  but  are  wanting 
its  t  fie  pal  m*  of  t  he  bands  a  >  id  soks 
of  the  feet.  |$ach  gland  consists 

of  aSingfe  dUCt,  tEtorC  O?  le.HS.capa-  tw.  Htr-twnnm*  ««S«i  of  Ur  foUie!*. 

cious,  w  hich  einergeri  from  a  chtS“ 

ter  of  oval  or  t  alveoU  which  vary  front  two  to  five  in  number,  but  in 

some  instances  .there  irtaybeastoapy  as  twenty ,  Elaeh  afvesdus  is  composeii  of  a 
transparent  basement  membrane,  enclosing  a  number  of  epithelial  cells.  The 
outer  or  nmrgiiml  ceils  are  small  and  polyhedral,  and  are  continuous  with  the 
cells  lining  tfe  duct  The  remainder  of  the  alveolus  is  filled  with  larger  cells, 
■copfajping  fat,  except  in  the.  center,  where  the  cells,  have  become  broket,  up, 
leaving  a  cavity  ®eb  with  tfttnr  delMris  and  a  mass  ^  fifty  iitStter,  whhh  con¬ 
stitutes  the  saburn  cutaumuu.  The.  duets  open  roost.  frequently  into  the  hair  folli¬ 
cles,  but  iK'CasiytwdS.v  upon  the  general  surface,  as  in  ibe  labia  minora  and  the  free 
margin  of  the  lips,  On  the  oo.se  ?*»d  face  the  glands'  aft  of  iarge  sbe,  distinctly 
tabulated,  and  often  become  tnorb  enlarged  fmm  the  accumuhniou  of  pent-up 
secretion.  The  tarsal  glands  of  -.the  eyelids  are  elongated  sebaceous  glands  with 
numerous  lateral  diverticula. 

The  Sudoriferous  nr  Sweat  Glands  Uilamlulw ftndonferw)  arc  fqupdLm  almost 
every  part  of  the  skin,  and  are  situated  in  small  pits  on  the  under  surface  of  the 
eorium,  or,  more  frecpieutb ,  in  the  subcutapeou*  areolar  t  issue,  surrounded  by  a 
quantity  of  adipose  tissue.  Each  consists  of  a  single  tube,  the  deep  part  of  which 
broiled  into  an  oval  or  spherical  ball,  named  the  body  of  the  gland,  while  the  super¬ 
ficial  part  or  duct,  traverses  the' curium  and  cuticle  and  opens  on  the  surface  of 

l»  Froiviswor  Art^tirf bocSfon-  of  Oxford,  aieggoabs  that  the  contraction  of  tlu««‘  numtfla-  on  fo)Udl«w  wU/oh  ^oiiiain 
*n»fc.  fifit  hairwAWU  l#wi  to  protjuoi  ft  pfcnniinoufc  mtrve  th  the  JolUfile,  an  cl  th«  <MrV*t  will  )>e  im;ire^wf(  <m  th/»  f  <alr . 
wttir^  U  it.  ^  that  the  iiaic.  on  oraergui*  through  tho  akin,  will  be  curlcri.  Curvr^i  hair 

oi‘ tbft  scalp  of  ti»^  Biwhfrtau. 


T  Qvh>  -yr. 
{Urv»"-  5>**i. 
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the  skirt  by  a  funud-sliappd  fiparturv.  Its  the  superficial  layers  ut  the  <  t «ri «m 
the  diKl  is  straight,  but  in  the.  deeper  layers  it  is  convoluted  or  e-ven  u»  hud; 
where  the  epidermis  is  thick;  as  in  the  palms  of  the  hands  and  soles  tifthe  f'hft. 
the  part  of  the  duet  which  passes  through  it  is  spirally  coiled.  The  sire  of  liW 

glands  varies.  The;.:  are  especially  !<tr,v 
in  those  regibas  ;.*$&<*.  •  fkC  m»wir5f  -«f  •’, 
pcrsjdrati)!itt  is:  great,  as  ’in  the  rudlla*, 
where  ;ihej\  ' 

lazier  at  a  retidiijh  ^hiyk  rarfe- 

spoiaW.  este’tl.y'  to  the  situation  ei  die 
hair  in  this  rejgiun'i  they  are  large  oIh* 
in  this  grbjn.  Their  number  varies. 


ywtitb'e  t  he-P'rifjfettsof  tJiedtiets.^rK  excask 
itigly  regiifar,  and  ospen  oti  tiie  *'«ry«i 
ridges  t  they  an?  least,  numerous  in  ibc 
neck  and back*  On  the  palrn  thm 


mm 
Pfl? 


.  Ftft,  m,: 

i}jf«0tiD«S  J 

o(  tlw-  cr.lhnl  rut.p. "ft.  Transv^rta  sort* op  of 
■  X\  Iffjn^tkueHtinti  of  %}w  part  of ..'.the 

•tube.,  "tt.  T«w*f»VBist.  auction  of  the  *um&.  (Klein  aik 
Kobte  Smith. ) 


the  jjfojg  an<l  bniii  fr.om  <>0  in  SO 

■  ■■'  c^ntimetere ;  Krmiw  estimates  the  tb**I. 

nuojbec  at  about  2,000.000.  The.  average  'tutthbe?*  of  sweat  glands  per  spui# 
centimeter  of  *km  area  in  various  races  as  slio-vni  try  the  fingers  is  as  follmtv.* 


Afiierfcan  (white) 
Xnivmmn  (atigrp) 
'kilipipq 
Mvm  .•;  .. 
Negrito  Xfuiyit/}  ; 
Hindu 

Kegtito (youUi)  . 


-■mi  - 

0$<E$ 

m* 

m;i ; 

mo 


in  the  deeper  portion  of  the  external  wjHory  tV  pre¬ 

puce  iiud  the  giiips  peak,  The  tube/  bot  h  In  the  .body  of  the  gland  and  in  the  *io* | 

. consists.  of  t  wo  layers . an  outer,  of  fine  areolar  tissue,  am!  an.  inner  of*  tpsthehara 

(Fig.  VH|%  ;  The  outer  kyer  is  thin  j?.ml  is  »:x>ntiivuous  with  the  superfiml  tfratuio  |fc 
tjte  eoHiun.  In  Iwdy  of  the  g! am; f  the  e  pi  th el i  u m  eonsi sts  of  it  single  kyef  of 
cells,  bitten?.  thfc  ,  deep .  ©hds,vo.f '-wb.fch-  m\d  .the  .basement  membrane  h  a  feVif 
of  km^tthUnaljy  or  obliquely  arranged  •i).or<-stripe<l  muscular  fibers.  The  d».uT*  -•:> 
destitute  of  muscular  libers  Ami  arc  composed  of &  busfTheht membrane  lined  Vo  mo 
or  three  layers  of  polyhedral  cells;  tire  J  omen  of  tlie  duct  u  coated  in  a  thin  cut!. !« 
When  the  cuticle  is  carefully  removed  from  the  surface  of  the  enriwn.  the  ducti 
may  be  drawn  out  in  the  form  of  short,  thre^blikc  prixesScs  on  iis  under  surface. 
The  cerViininotis  giatnls  of  the  external  ucoikt??; ’  mentu^  a n<i  the  ciliary  glan^hat 
the  margins  of  the  eyelids  are  modified  ;sti&rifeituis  glands. 
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SPLANCHNOLOGY 


STDER  this  heading  are  included  the  respiratory,  digestive,  and  urogenital 
organs,  and  the  ductless  glands. 


THE  RESPIRATORY  APPARATUS  (APPARATUS  RESPIRATORIUS ; 

RESPIRATORY  SYSTEM). 

The  respiratory  apparatus  consists  of  the  larynx,  trachea,  bronchi,  lungs,  and 
pleurae. 

Development. — The  rudiment  of  the  respiratory  organs  appears  as  a  median 
longitudinal  groove  in  the  ventral  wall  of  the  pharynx.  The  groove  deepens 
and  its  lips  fuse  to  form  a  septum  which  grows  from  below  upward  and  con¬ 
verts  the  groove  into  a  tube,  the  laryngo-tracheal  tube  (Fig.  967),  the  cephalic 


Mouth  of  oifocioty  pd. 


M cd ia  n  pa  rt  of  f*vrtd<'- 
nasal  prfjo  v 


Procot.<tu5  gU&ninri 


Maxillary  process 


Byperpbyfct 
1st  branchial  pouch 


Mandibular  arch 


Future  tympanic 
membrane 


Laryngotracheal  tube 


Fourth  arch 


-The  hewl  and  neck  of  a  human  embryo  thirty-two  days  old,  seen  from  the  ventral  surface, 
the  mouth  and  pharynx  nave  been  removed.  (His.) 


end  of  which  opens  into  the  pharynx  by  a  slit-like  aperture  formed  by  the  persistent 
anterior  part  of  the  groove.  The  tube  is  lined  by  entoderm  from  which  the  epithe¬ 
lial  lining  of  the  respiratory  tract,  is  developed.  The  cephalic  part  of  the  tube 
becomes  the  larynx,  and  its  next  succeeding  part  the  trachea,  while  from  its  caudal 
end  two  lateral  outgrowths,  the  right  and  left  lung  buds,  arise,  and  from  them  the 
bronchi  arid  lungs  are  developed.  The  first  rudiment  of  the  larynx  consists  of  two 
arytenoid  swellings,  which  appear,  one  on  either  side  of  the  cephalic  end  of  the  laryngo¬ 
tracheal  groove,  and  are  continuous  in  front  of  the  groove  with  a  transverse  ridge 
(furcula  of  His)  which  lies  between  the  ventral  ends  of  the  third  branchial  arches 
and  from  which  the  epiglottis  is  subsequently  developed  (Figs.  1000,  1001  >.  After 
the  separation  of  the  trachea  from  the  esophagus  the  arytenoid  swellings  come 

(  1070) 
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into  cep tact  with  one  another  and  with  the  back  of  the  epiglottis,  ««<(  the  entrance; 
to  tin?  larynx n^stanes  the  form  of  AY^haped  cleft,  the  margins  of  the  deft  adhere 
to  ten?  another  Tind  the  latyrtghal  entrance  ia  for  a  titur-w.'dtijded.  The.-'  taesoderaal 
wall  id  tin.- tube  becomes  condensed  to  form  the  cartilages  of  the  .larynx  and  trachea. 
The  arm-}  ami  swellings  ate  differentiated  into  the  Sj-ytenoM  fttgi  cbrnioiiaie  ear- 
tilages,.  and  the  folds  joining  them  to  the  epiglottis;  form  the  jan/epiglotfii'  foSdi 
in  which  tlnb  cuneiform  cartilages  are  developed  as  derivtffoe#  of  the  epiglottis. 


'  center;  of  chondrification.  develops.  The  cricoid  cartilage ;■  arises  k<m  t«u  cartil¬ 
aginous  centers,  which  soon  unite  centra  Uy  and  gradually  extend  and  ahimtdy 
fuse  on  the  dorsal  aspect  of  the  tube,  •  •  •  .. 

JV  ferm^t Fraser1  liaa  made  'm  /important*  izi  vestigatiou  •'  .on  *  tire  !rj*v*4opf»^i.  of  tfce  tof*ia. 
«j4;  are  Ma  .min  conchisu.ms : 

Tfce  opening drveii/culum  \m between  the  two  Wtb  &wh'  wass**  and  hshinti 
a  ° rentml  ntmV *  in  the  middle  Une— the  proximal  end  of  the  ver m  £*t>, *m 

the  fifth  The fifth  arch  ■»■' ^  2%ferai  m  ft&t 

Side  df  ‘the  opanng,  mid  these  <f  talcral  Mi&W'  gfvw  forward  and  overlap  the  wniad 
on  term  a  se^itdary  transverse  wily,  which  is  really  a  part  af  tbe  cavity !/f  fcfe  pha^nix  Tisr 
■  Wq  parts  ^f  the  eaviiy  0?  the  laryrti  are  separate!  >1  the  adult  by  a  Hue  draws*  h*rk  along  ixt 
vdcaX  IdM  atid  then  up  ward  along  the  border  of  the  -  arytenoid  eminence  to  t  he  inu*raryumad 
fttofeli >V' lixryt^noid  and  cricrdd  develops  in  the  fifth  <areh  .muaa.  The  thymld  is  primary 
H  fourth  kHh  dWi-yative,  &tte  if  it  hua  a  fifth.  «reli  *feineflat  this  is  a  later  uddit  itv>-  The  epupoUi* 
te  derived  Tksta  t he  ‘f  cen tfal  mass,  aad  has  &  third  Arch  element  in  ila  oral  and  upper  aspect, 
the  arch  value  of  the  ^ventral  niass"  is  MoiibtfuL 


£k/,i 


mm 


I?xm  ,  Wil  — &Una  bud?  from-  a  burruut  eted>ryo«f, 
l  four  -weekri,-  Aftotviug  *utrnn4«nciuf{  lobiilattKiiw*. 


V3I 


A 

'JEBk 


l  *,  h  Xtajffrjpr  , ..  . 

■■' -7 .Ffiijy &$$[> *£•' ‘M  pi\tiii'tixZ 

'"■  ,v/-,v.y 


The  right  and  left,  lung  l.ntds  grow.  out.  behind  the  ducts  id  Cuvier,  and  an-  -l 
first  symmetrical,  hut  their  t-ndg  soon  become  tabulated.  three  lybi.des  ^spearing 
on  the  right, 

corresponding  Iphes  of  the  lungs  (Figs.  9bSj  IMjO)/  The  birds  undergo  further  suh-  - 
.division  and  ramification,  and  nUimittdv  end  in  minute  expanded  extremituv 
Itihg.-  After  the  skth  fttenth  the  air-sites  begin : X-ttcpiikt1' their 
appearance  terl  the  infundibula  in  the. form  iff  minute  pouches,:  Tl»c j)uiui.uhar.v 
arteries'  are  i  h-rived  jVom  the  'sixth  ■  aortic  archsa;  During  the  course  of  tioir 
develppaiCnf  the  lungs  migrate  in  a  caudal  direction,  so  that  by  the  tune  of  birth 
the  bifurcation  of  the  trachea  is  opposite  the  fourth  thoracic  vertebra.  As  the 
lungs  grow  they  project  into  that  part  of  the  oelom  whk-h  will  ultiirtutefy  form  tic 
pleural  cavities,  and  the  sujxirfici&l  layer  of  the  mt^fderm  cnvdopiiitt.'  the  Jung 
rudiment  expands  on  the  growing  lyng  and  is  c*.»n  vertcij  into  the  pultoouaty  pkuns. 


THE  bAUYHX. 


Tim  larynx  or  organ  of  voice  is  placed  at  the  upjK-f  part  o!  the  air  passage. 
It  is  situated  between  the  trachea  and  the  root  uf  the  tongue,  at  the  upper  and 


1  .fount*!  of  AVtfotoftfo  PhyeVoloM^.  vbi  44^ 
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forepart  of  the  neck,  where  it  presents  a  considerable  projection  in  the  middle 
line.  It  forms  the  lower  part  of  the  anterior  wall  of  the  pharynx,  and  is  covered 
behind  by  the  mucous  lining  of  that  cavity;  on  either  side  of  it  lie  the  great  vessels 
of  the  neck.  Its  vertical  extent  corresponds  to  the  fourth,  fifth,  and  sixth  cervical 
vertebrae,  but  it  is  placed  somewhat  higher  in  the  female  and  also  during  childhood. 
Symington  found  that  in  infants  between  six  and  twelve  months  of  age  the  tip 
of  the  epiglottis  was  a  little  above  the  level  of  the  fibrocartilage  between  the 
odontoid  process  and  body  of  the  axis,  and  that  between  infancy  and  adult  life 
the  larynx  descends  for  a  distance  equal  to  two  vertebral  bodies  and  two  inter¬ 
vertebral  fibrocartilages.  According  to  Sappey  the  average  measurements  of  the 
adult  larynx  are  as  follows: 


In  moles. 

In  females. 

Length . 

44 

mm. 

36 

mm. 

Transverse  diameter 

43 

a 

41 

a 

Antero-posterior  diameter 

36 

it 

26 

a 

Circumference  .... 

136 

it 

112 

a 

Until  puberty  the  larynx  of  the  male  differs  little  in  size  from  that  of  the  female.  In  the 
female  its  increase  after  puberty  is  only  slight;  in  the  male  it  undergoes  considerable  increase; 
all  the  cartilages  are  enlarged  and  the  thyroid  cartilage  becomes  prominent  in  the  middle  line  of 
the  neck,  while  the  length  of  the  rima  glottidis  is  nearly  doubled. 

The  larynx  is  broad  above,  where  it  presents  the  form  of  a  triangular  box  flattened 
behind  and  at  the  sides,  and  bounded  in  front  by  a  prominent  vertical  ridge. 
Below,  it  is  narrow  and  cylindrical.  It  is  composed  of  cartilages,  which  are  con¬ 
nected  together  by  ligaments  and  moved  by  numerous  muscles.  It  is  lined  by 
mucous  membrane  continuous  above  with  that  of  the  pharynx  and  below  with 
that  of  the  trachea. 

The  Cartilages  of  the  Larynx  ( cartilagines  laryngis)  (Fig.  970)  are  nine  in  number, 
three  single  and  three  paired,  as  follows: 

Thyroid.  Two  Corniculate. 

Cricoid.  Two  Cuneiform. 

Two  Arytenoid.  Epiglottis. 

The  Thyroid  Cartilage  (cartilago  thyreoidea)  is  the  largest  cartilage  of  the  larynx. 
It  consists  of  two  laminse  the  anterior  borders  of  which  are  fused  with  each  other 
at  an  acute  angle  in  the  middle  line  of  the  neck,  and  form  a  subcutaneous  projec¬ 
tion  named  the  laryngeal  prominence  ( pomum  Adami).  This  prominence  is  most 
distinct  at  its  upper  part,  and  is  larger  in  the  male  than  in  the  female.  Immediately 
above  it  the  laminse  are  separated  by  a  V-shaped  notch,  the  superior  thyroid  notch. 
The  laminse  are  irregularly  quadrilateral  in  shape,  and  their  posterior  angles  are 
prolonged  into  processes  termed  the  superior  and  inferior  cornua. 

The  outer  surface  of  each  lamina  presents  an  oblique  line  which  runs  downward 
and  forward  from  the  superior  thyroid  tubercle  situated  near  the  root  of  the 
superior  cornu,  to  the  inferior  thyroid  tubercle  on  the  lower  border.  This  line 
gives  attachment  to  the  Sternothyreoideus,  Thyreohyoideus,  and  Constrictor 
pharyngis  inferior. 

The  inner  surface  is  smooth;  above  and  behind,  it  is  slightly  concave  and  covered 
by  mucous  membrane.  In  front,  in  the  angle  formed  by  the  junction  of  the  laminse, 
are  attached  the  stem  of  the  epiglottis,  the  ventricular  and  vocal  ligaments,  the 
Thyreoarytsenoidei,  Thyreoepiglottici  and  Vocales  muscles,  and  the  thyroepiglottic 
ligament. 

The  upper  border  is  concave  behind  and  convex  in  front;  it  gives  attachment  to 
the  corresponding  half  of  the  hyothyroid  membrane. 

The  lower  border  is  concave  behind,  and  nearly  straight  in  front,  the  two  parts 
being  separated  by  the  inferior  thyroid  tubercle.  A  small  part  of  it  in  and  near 
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depth  of  the  lamina..  It  gives  attachment,  in  front,  to  the  middle  cricothyroid 
ligament;  at  the  side,  to  the  conus  elasticus  and  the  Cricoarytaenoidei  laterales; 
behind,  it  presents,  in  the  middle,  a  shallow  notch,  and  on  either  side  of  this  is  a 
smooth,  oval,  convex  surface,  directed  upward  and  lateralward,  for  articulation 
with  the  base  of  an  arytenoid  cartilage. 

The  inner  surface  of  the  cricoid  cartilage  is  smooth,  and  lined  by  mucous 
membrane. 

The  Arytenoid  Cartilages  ( cartilagines  arytamoidece)  are  two  in  number,  and  sit¬ 
uated  at  the  upper  border  of  the  lamina  of  the  cricoid  cartilage,  at  the  back  of 
the  larynx.  Each  is  pyramidal  in  form,  and  has  three  surfaces,  a  base,  and  an 
apex. 

The  posterior  surface  is  a  triangular,  smooth,  concave,  and  gives  attachment 
to  the  Arytaenoidei  obliquus  and  transversus. 

The  antero-lateral  surface  is  somewhat  convex  and  rough.  On  it,  near  the  apex 
of  the  cartilage,  is  a  rounded  elevation  (colliculus)  from  which  a  ridge  (crista  arcuata) 
curves  at  first  backward  and  then  downward  and  forward  to  the  vocal  process. 
The  lower  part  of  this  crest  intervenes  between  two  depressions  or  foveas,  an 
upper,  triangular,  and  a  lower  oblong  in  shape;  the  latter  gives  attachment  to  the 
Vocalis  muscle. 

The  medial  surface  is  narrow,  smooth,  and  flattened,  covered  by  mucous  mem¬ 
brane,  and  forms  the  lateral  boundary  of  the  intercartilaginous  part  of  the  rima 
glottidis. 

The  base  of  each  cartilage  is  broad,  and  on  it  is  a  concave  smooth  surface, 
for  articulation  with  the  cricoid  cartilage.  Its  lateral  angle  is  short,  rounded, 
and  prominent;  it  projects  backward  and  lateralward,  and  is  termed  the  muscular 
process;  it  gives  insertion  to  the  Cricoarytaenoideus  posterior  behind,  and  to  the 
Cricoarytaenoideus  lateralis  in  front.  Its  anterior  angle,  also  prominent,  but  more 
pointed,  projects  horizontally  forward;  it  gives  attachment  to  the  vocal  ligament, 
and  is  called  the  vocal  process. 

The  apex  of  each  cartilage  is  pointed,  curved  backward  and  medialward,  and 
surmounted  by  a  small  conical,  cartilaginous  nodule,  the  comiculate  cartilage. 

The  Comiculate  Cartilages  (< cartilagines  comiculatce ;  cartilages  of  Santorini )  are 
two  small  conical  nodules  consisting  of  yellow  elastic  cartilage,  which  articulate 
with  the  summits  of  the  arytenoid  cartilages  and  serve  to  prolong  them  backward 
and  medialward.  They  are  situated  in  the  posterior  parts  of  the  ary  epiglottic 
folds  of  mucous  membrane,  and  are  sometimes  fused  with  the  arytenoid  cartilages. 

The  Cuneiform  Cartilages  (cartilagines  cuneiformes;  cartilages  of  Wrisberg)  are  two 
small,  elongated  pieces  of  yellow  elastic  cartilage,  placed  one  on  either  side,  in  the 
aryepiglottic  fold,  where  they  give  rise  to  small  whitish  elevations  on  the  surface 
of  the  mucous  membrane,  just  in  front  of  the  arytenoid  cartilages. 

The  Epiglottis  (cartilago  epiglottica)  is  a  thin  lamella  of  fibrocartilage  of  a  yel¬ 
lowish  color,  shaped  like  a  leaf,  and  projecting  obliquely  upward  behind  the  root 
of  the  tongue,  in  front  of  the  entrance  to  the  larynx.  The  free  extremity  is  broad 
and  rounded;  the  attached  part  or  stem  is  long,  narrow,  and  connected  by  the 
thyroepiglottic  ligament  to  the  angle  formed  by  the  two  laminae  of  the  thyroid 
cartilage,  a  short  distance  below  the  superior  thyroid  notch.  The  lower  part  of 
its  anterior  surface  is  connected  to  the  upper  border  of  the  body  of  the  hyoid 
bone  by  an  elastic  ligamentous  band,  the  hyoepiglottic  ligament. 

The  anterior  or  lingual  surface  is  curved  forward,  and  covered  on  its  upper,  free 
part  by  mucous  membrane  which  is  reflected  on  to  the  sides  and  root  of  the  tongue, 
forming  a  median  and  two  lateral  glossoepiglottic  folds;  the  lateral  folds  are  partly 
attached  to  the  wall  of  the  pharynx.  The  depressions  between  the  epiglottis  and 
the  root  of  the  tongue,  on  either  side  of  the  median  fold,  are  named  the  vallecula. 
The  lower  part  of  the  anterior  surface  lies  behind  the  hyoid  bone,  the  hyothyroid 
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Fig.  V)7l.^~Th*>  ligaments  of  the  larro*  Anfcer<H&t«r*l  n*** 


L^aments,  — The  ligaments  of  the  larynx  (Figs.-97i,  P72)  arewrtriasic,  >.  t  .,  fhes 
connecting  the  thyroid  cartilage  and  epiglottis  with  the  hyoid  hone,  and  the  cricoid 
cartilage  with  the  trachea;  and  intrinsic,  those  which  connect  tlie  several  cartilages 
of  the  laryny  to  each  other, 

ElrtrinBic  yg^«ntei.~Ths*  ligaments  connecting  the  thyroid  cartilage  with  the 
hyoMV-bofbt  •hriS'ih*,*.  h*0tl>J‘Tojd  membrane,  and  a  middle  and  two  lateral  hyp- 
thyroid  ligaments. 

The  Hyothyrcld  Membrane  hncmhrana  htjvthyn'nnha;  ikyrnhyord  is 

a  broad.,  fihro-<*)astte  layer,  attached  below  to  the  upper  border  of  the  thyr<»i>i 
cartilage  and  to  the  front  of  its  Superior  cornu,  and  above  to  the.  upper  uiarejo  W 
the  posterior1  surface  of  the  body  and  greater  cornua  of  the-  byuid  bone,  thus  {jaa^ 
behind  the  posterior  surface  of.  the  body  of  the  hyoid  ,  and  being  separated  from  « 
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by  a  mucous  bursa,  which  facilitates  the  upward  movement  of  the  larynx  during 
deglutition.  Its  middle  thicker  part  is  termed  the  middle  hyothyroid  ligament 
yligamentum  hyothyreoideum  medium;  middle  thyrohyoid  ligament %  its  lateral  thinner 
portions  are  pierced  by  the  superior  laryngeal  vessels  and  the  internal  branch  of 
the  superior  laryngeal  nerve.  Its  anterior  surface  is  in  relation  with  the  Thyreo- 
hyoideus,  Sternohyoideus,  and  Omohvoideus,  and  with  the  body  of  the  hyoid 
bone. 

The  Lateral  Hyothyroid  Ligament  (Hg  amentum  hyothyreoideum  laterale;  lateral 
thyrohyoid  ligament)  is  a  round  elastic  cord,  which  forms  the  posterior  border 
of  the  hyothyroid  membrane  and  passes  between  the  tip  of  the  superior  cornu  of 
the  thyroid  cartilage  and  the  extremity  of  the  greater  cornu  of  the  hyoid  bone. 
A  small  cartilaginous  nodule  ( cartilago  tnticea ),  sometimes  bony,  is  frequently 
found  in  it. 
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Fla.  072. — Ligaments  of  the  larynx.  Posterior  view. 

The  Epiglottis  is  connected  with  the  hyoid  bone  by  an  elastic  band,  the  hyo- 
epigiottic  ligament  ( ligament-urn  hyocpigloftimm ) ,  which  extends  from  the  anterior 
surface  of  the  epiglottis  to  the  upper  border  of  the  body  of  the  hyoid  bone.  The 
glossoepiglottic  folds  of  mucous  membrane  (page  1083)  may  also  be  considered 
as  extrinsic  ligaments  of  the  epiglottis. 

The  Cricotracheal  Ligament  ( ligamentum  cricotraeheale)  connects  the  cricoid  car¬ 
tilage  with  the  first  ring  of  the  trachea.  It  resembles  the  fibrous  membrane  which 
connects  the  cartilaginous  rings  of  the  trachea  to  each  other. 

Intrinsic  Ligaments. — Beneath  the  mucous  membrane  of  the  larynx  is  a  broad 
sheet  of  fibrous  tissue  containing  many  elastic  fibers,  and  termed  the  elastic  membrane 
of  the  larynx.  It  is  subdivided  on  either  side  by  the  interval  between  the  veu- 
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tricular  and  vocal  ligaments,  the  upper  portion  extends  between  the  arytenoid 
cartilage  and  the  epiglottis  and  is  often  poorly  defined;  the  lower  part  is  a  well- 
marked  membrane  forming,  with  its  fellow  of  the  opposite  side,  the  conus  elasticus 
which  connects  the  thyroid,  cricoid,  and  arytenoid  cartilages  to  one  another. 
In  addition  the  joints  between  the  individual  cartilages  are  provided  with  ligaments. 

The  Conus  Elasticus  {cricothyroid  membrane)  is  composed  mainly  of  yellow*  elastic 
tissue.  It  consists  of  an  anterior  and  two  lateral  portions.  The  anterior  part  or 
middle  cricothyroid  ligament  {ligamentvm  cricothyreoideum  medium ;  central  part  qf 
cricothyroid  membrane)  is  thick  and  strong,  narrow  above  and  broad  below.  It 
connects  together  the  front  parts  of  the  contiguous  margins  of  the  thyroid  and 
cricoid  cartilages.  It  is  overlapped  on  either  side  by  the  Cricothyreoideus,  but 
between  these  is  subcutaneous;  it  is  crossed  horizontally  by  a  small  anastomotic 
arterial  arch,  formed  by  the  junction  of  the  two  cricothyroid  arteries,  branches 
of  which  pierce  it.  The  lateral  portions  are  thinner  and  lie  close  under  the  mucous 
membrane  of  the  larynx;  they  extend  from  the  superior  border  of  the  cricoid  cartil¬ 
age  to  the  inferior  margin  of  the  vocal  ligaments,  with  which  they  are  continuous. 
These  ligaments  may  therefore  be  regarded  as  the  free  borders  of  the  lateral  por¬ 
tions  of  the  conus  elasticus,  and  extend  from  the  vocal  processes  of  the  arytenoid 
cartilages  to  the  angle  of  the  thyroid  cartilage  about  midway  between  its  upper 
and  lower  borders. 

An  articular  capsule,  strengthened  posteriorly  by  a  well-marked  fibrous  band, 
encloses  the  articulation  of  the  inferior  cornu  of  the  thyroid  with  the  cricoid  car¬ 
tilage  on  either  side. 

Each  arytenoid  cartilage  is  connected  to  the  cricoid  by  a  capsule  and  a  posterior 
cricoarytenoid  ligament.  The  capsule  {capsula  articularis  cricoarytenoidea)  is  thin 
and  loose,  and  is  attached  to  the  margins  of  the  articular  surfaces.  The  posterior 
cricoarytenoid  ligament  {ligamentum  cricoarytenoideum  posterius)  extends  from  the 
cricoid  to  the  medial  and  back  part  of  the  base  of  the  arytenoid. 

The  thyroepiglottic  ligament  {ligamentum  thyreoepiglotticum)  is  a  long,  slender, 
clastic  cord  which  connects  the  stem  of  the  epiglottis  with  the  angle  of  the  thyroid 
cartilage,  immediately  beneath  the  superior  thyroid  notch,  above  the  attachment 
of  the  ventricular  ligaments. 

Movements. — The  articulation  between  the  inferior  cornu  of  the  thyroid  cartilage  and  the 
•cricoid  cartilage  on  either  side  is  a  diarthrodial  one,  and  permits  of  rotatory  and  gliding  move¬ 
ments.  The  rotatory  movement  is  one  in  which  the  cricoid  cartilage  rotates  upon  the  inferkc 
cornua  of  the  thyroid  cartilage  around  an  axis  passing  transversely  through  both  joints. 
The  gliding  movement  consists  in  a  limited  shifting  of  the  cricoid  on  the  thyroid  in  different 
directions. 

The  articulation  between  the  arytenoid  cartilages  and  the  cricoid  is  also  a  diarthrodial  one. 
and  permits  of  two  varieties  of  movement:  one  is  a  rotation  of  the  arytenoid  on  a  vertical  axis, 
whereby  the  vocal  process  is  moved  lateralward  or  medialward,  and  the  rima  glottidis  increased 
or  diminished;  the  other  is  a  gliding  movement,  and  allows  the  arytenoid  cartilages  to  approach 
or  recede  from  each  other;  from  the  direction  and  slope  of  the  articular  surfaces  lateral  gliding 
is  accompanied  by  a  forward  and  downward  movement.  The  two  movements  of  gliding  and 
rotation  are  associated,  the  medial  gliding  being  connected  with  medialward  rotation,  and  the 
lateral  gliding  with  lateralward  rotation.  The  posterior  cricoarytenoid  ligaments  limit  the 
forward  movement  of  the  arytenoid  cartilages  on  the  cricoid. 

Interior  of  the  Larynx  (Figs.  974,  975). — The  cavity  of  the  larynx  (carum 
laryngis)  extends  from  the  laryngeal  entrance  to  the  lower  border  of  the  cricoid 
cartilage  where  it  is  continuous  with  that  of  the  trachea.  It  is  divided  into  two 
parts  by  the  projection  of  the  vocal  folds,  between  which  is  a  narrow  triangular 
fissure  or  chink,  the  rima  glottidis.  The  portion  of  the  cavity  of  the  larynx  above 
the  vocal  folds  is  called  the  vestibule ;  it  is  wide  and  triangular  in  shape,  its  base 
or  anterior  wall  presenting,  however,  about  its  center  the  backward  projection 
of  the  tubercle  of  the  epiglottis.  It  contains  the  ventricular  folds,  and  between 
these  and  the  vocal  folds  are  the  ventricles  of  the  larynx.  The  portion  below  the 


vocal  folds  is  at  first,  of  rO  elliptical  form,  hut  lower  down  it  widens  out,  assumes  a 
circular  form,  and  is  continuous  wit  h  the  tube  of  the  trachea; 
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•A  jJtA&olida  to  ^hoW  tfc£Tt.<?to  hAif  >>f  «.h**  v;*hto  Ttie  rt«ht  fiuuioa  of  /.ho  thyroid  curiila^’  i*nd  the- 

.  s*  iib»»*vv.nf  t^Vi*  .£>*«*&  rentcrv*!; 


The  emx&nce  of  tho  larynx:  f>%*  .370)  fe  a  triangular  opening,  wide  in  fitiut,  narrow 


•behind,  amf  sloping  ohliq^elv  mn Wiar(hati<l  It  is  bounds h  in  trout,, 

by  the  epiglottis';  behind,  by  the  apices  nffhe  ant^mnd  variibgory  the  enmh’uhue 
cartilages,  find  the  intemrj-'tenoid  notch;  and  nn  either  side.  by  a  fold  »#f  rrvottms 
tuenibrane,  enclosing  lij&inH-fttous  and  muscular  .ftbcfc*.  *t, retched  between  tf»e idde 
of  the  epiglottis  aioi  the  apex  of  the  arytenoid  cartilage;  this  is  the  aryepigtottic 
fold,  ou  the  posterior  part  of  the  margin  of  which  the  euiKnlorifi  cartilage  forms  a 
more  or  distinct  whitish  prondtienee,  the  caceiforai  tubercie. 

The  Ventricular  Folds  (plici?  ventricular^.i:  mj^rior  or  fake  vwttf  ytirrfe)  tire  two 
thick  h»ld>‘  of  xnueoiK^  Jneniltrane,  each  endowing'  a  narrow  hand  of  fibrous  rissize, 
the  ventricular  %a*neiit  which  is  attached  in  front  to  the  angle  of  the  thyroid 
cartilage  immediately  below  the  aflaehrnent  of  ihe  epiglottis/ and  behind  to  the 
anteri>|.aterfil  surface  tit  the  arytenoid  cartilage,  u  short  the  vocal 

process , :  Thehw'c r  border  of  th  is ! iga n «.en * ,  enclosed  in  i/mcnus membrane,  forms  a 
(pee vjB:mc^ntk  margmy-wld-ch  const  it utes  the  upper  boundary  «>f  the  ventricle  of 
the  larynx. 

The  Vocal  Folds  (/>/hrr  rnailrj:  i  it  brio  r  •  '&M$t  eorti*',  are  tonecnied  in  the 

production  of  sound)  tmd - •  baiufe,  pained  the  vocal  ligaments 

{Uqammta  iwifa;  inferior  thtirmriftmutifi*  I’iach  liguniebf  consists  of  n  band  of 
ydlow  elastic  tissue,  at  fetched  in  front  U»  the  uncle  of  the  thyroid  cartilage,  and 
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with  it.  It  is  covered  medially  by  mucous  membrane,  which  is  extremely  thin  and 
closely  adherent  to  its  surface. 

The  Ventricle  of  the  Larynx  ( mUricuius  laryngis  ( Morgagnii );  laryngeal  sinus) 
is  a  fusiform  fossa,  situated  between  the  ventricular  and  vocal  folds  on  either  side, 
and  extending  nearly  their  entire  length.  The  fossa  is  bounded,  above,  by  the  free 
crescentic  edge  of  the  ventricular  fold;  below ,  bv  the  straight  margin  of  the  vocal 
fold;  laterally,  by  the  mucous  membrane  covering  the  corresponding  Thyreoary- 
trenoideus.  The  anterior  part  of  the  ventricle  leads  up  by  a  narrow  opening 
into  a  cecal  pouch  id’  mucous  membrane  of  variable  size  called  the  appendix. 

The  appendix  of  the  laryngeal  ventricle  {appendix  tenfnculi  laryngis ;  laryngeal 
saccule)  is  a  membranous  sac,  placed  between  the  ventricular  fold  and  the  inner 
surface  of  the  thyroid  cartilage,  occasionally  extending  as  far  as  its  upper  border 

Sulcus  terminal m 


'.ifaratn**  csnim 


VaUtcnbi 
Lalcrn}  i 
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SUy/  $ if 

&u"L 

utfmuinr  fixA 
Ventricle 


Pr/nfory*  strttiS 


Oimtrul'itt  ctifUUiye 


Fig.  970.— The  entrance  to  the  larynx.  Yiewwl  from  behind. 

or  even  higher;  it  is  conical  in  form,  and  curved  slightly  backward.  On  the  surface 
of  its  mucous  membrane  are  the  openings  of  sixty  or  seventy  mucous  glands,  which 
are  lodged  in  the  submucous  areolar  tissue.  This  sac  is  enclosed  in  a  fibrous 
capsule,  continuous  below  with  the  ventricular  ligament.  Its  medial  surface  is 
covered  by  a  few  delicate  muscular  fasciculi,  which  arise  from  the  apex  of  the 
ary  tenoid  cartilage  and  become  lost  in  the  aryepiglottic  fold  of  mucous  membrane; 
laterally  it  is  separated  from  the  thyroid  cartilage  by  the  Thyreoepiglottieus. 
These  muscles  compress  the  sac,  and  express  the  secretion  it  contains  upon  the 
vocal  folds  to  lubricate  their  surfaces. 

The  Rima  Giottidis  (Fig.  977)  is  the  elongated  fissure  or  chink  between  the 
vocal  folds  in  front,  and  the  bases  and  vocal  processes  of  the  arytenoid  cartilages 
behind.  It  is  therefore  subdivided  into  a  larger  anterior  intramembraaous 
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part  {(jkdtis  wcalu),  which,  measures  about  tliree-fifths  of  the  length  »f  the 
entire  aperture,'  and  ?t:  posterior  interr*art!Jagi?M*ns  part  Uj Miu 
Posteriorly,  if  i»  limited by  the  mucous  .membrane  passing  between  the  art.-mo’ 
tsWtfliiges,  •  The  rims  gUrttnlis  is  the  narrowest  pact  of  the ■  cavity  of  the  Ian  Hi. 
ami  its  level'  corresponds  with  the  bases'  of  the  arytenoid  cimUwges,  lt.<  tw^/ 
m  the  :<mk.  •  is  about  2fi  nsm.;  in  the  Jenude  from  17  to  .18  nun.  The  Huhb 
0- a  1,  shape  of  the  riraa  glottidis  vary  with  the  movements  of  the  coed  folds 
and  arytenoid  cartilages  during  .respiration  and  phonatiou,  in  *Jiv  randitiw 
of  rcst.-br,,  when  these  structures  are  urritifluenced  by  muscular  action,  as  iii 
tj u iet  respiration,  the  inttfrmeiohrafious  part  is  triangular,  with.'  its  ape*  *r»  fm»,« 
and  its  base  LtMiind— the  latter  being  represente*}  by  a  line,  about  8  mn*.  low, 
connecting  the  anterior  cads  of  the  vocal  processes,  while  the  medial  surfders  f^ 
the  -arytenoids  are  parallel  to  earth  other,  and  bonce  the •  imercart.dagUM.ms  put . 
is  reetangulaJv  During  extreme  adduction  of  the  vocal  folds,  as  io-'lbe-raikte 
of  a  high  note.,  the--  jptcrm«n|jrappu&  part  is  reduced  to  a  linear  slit  by  tin.  ap~ 
poaltiotti of: S»'' vac*], folds,  white  the  ifttcrcartilagitjous  part  i$  triangular,  it>apc> 
corresponding  to  the  anterior  ends  of  the  vocal  processes  of  the  arytenoids.  wiuefc 

.  M«Uan  fjlnsiw  •  piglotfir  fofd 


•  *j]i'  J  ”Vi4  '  «'v  /  /'  \ 

Fin,  077:  — ywtfr.  ifrtefcor  of  larynx 

are.  approximated  by  the  medial  rotation  of  the  cart.iiag.es.  fh»nvcr*el>  '*• 
abduction  of  thy  vocal  folds,  as  in  forced  inspiration.  the  arytenoids  und  Iri-r 
vocal'  processes  sire  rotated  kifertshviml,  asid  the  ■intyrcartilagshfhi  pstft  fe  uw«- 
giilar  in  shape  but  wdh  lts  apex  directed  backward.  In  t|d»  cPiidHior’  the  wife 
.gtottis .  'hi  '-^df .  tfe  .iidirarm'rahranmj; (.an 

diyergiiig  fripn  before barihv-aird,  tjj08e  Of  the  intercartitaglmms  part  ilinrsntg 
from  brh  Uuj  f  orwurtf  ~-~tbp;  w  i.dt-st  part  of  the  aperture  corresjKyftiimg  with  fk 
attachments  pf-  the*  vocal  folds  to  the  vocal  processes; 

ISasgtes.  '  Tlio  inirfclri-of  the  larynx  are  'nririnsic,  passing  between  the  |ar<v 
arid  parts  AroTjud  — these  have  been  described  in  the  section  •>«  Myology:  jp! 
infrinaic,  confined  entirely  to  the  larynx.. 

The  intrinsic  muscles  are  : 

Cricothyrcoideus,  Cricoarytfenoideus  lateralis. ' 

Crrcoarytteuriideus  posterior.  Arjdiwtiridpuiu 

Tbyrearytienuideus. 

The  Cricothyreoideus  ( Cricothyroid )  (Fig.  978).  triangular  in  form,  arises  fn>tu the 
fr*>r(t  apt!  lateral  part  of  tlio  cri*x»id  cartilage^  its  fibers  diverge,  and  arc  urmc^ 
in  two  groujjs.  The  lower  fibers  constitute  u  pars  oblique  and  slant  W  kw and 
and  lateral  wrird  to  the  anterior  border  uf  tin  inferior  cornu;  the  anterior  BteV 
forming. g  pars  recta,  run  upward,  backward,  and  iatcralward  to  the  posterior ppf 
of  the  lower  border  of  the  lamina  of  the  thyroid  cartilage. 
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The  media!  borders  of  the  two  .cansdes  are  separated  by  a  triangular  interval 
occupiedfey  the  middle-  <;riedthjpK»id  ligament. 

The  Cticoaryt»DOideus  posterior  itMutcfitif. 
criefmrytmmt)  (Fig,  97!>!  ame«  from  the  broad  ;  1  % 
depression  on  the  corresponding  half  of  the  pos- 

terior  surface  t»f  the  lamina,  of  the  cricoid  c-arttl-  A  ^ 

age;  its  fibers  run  upward  and  lateralward,  \  V_  '  *3^, 

arui  'converge  to  be  inserted  into  the  back  of  .  '4  /• 

the  muscular  -  proeess  of  the  arytenoid  eartil-  •-  *./  ■  SYi 

ago.  'Hie  uppermost  fibers  are  nearly  hori-  ‘  /  ■ 

AOntal,  the  lahidie  oblique,  tad  the  lowest  .7  '■*&*''  •*’'«  yf 

The  Cfleoarytasnoideus  latai-aiis  (lateral  bH«1||1be-  J 

tSriQaaryU'rtfnd)  (Fig,  &S0)  is  smaller  than  the  w:’;  V’ / 
preceding,  ami  of  an  oblong  form.  If  'arises.' ■  aj|f 
from  the  upper  Warder  of  the .  arch  of  the  |p/y  4,, 
erieoid  {^milage,  and,  passing  obfiqyely  up* 
ward  and  backward,  3s  inserted  -in tit  the  front 

of  the  in useaiar  process  of  the  arytenoid  ftartib  J 

age 


The  Arytranoidaua  (Fig.  97b)  is  a  single  muscle, 
filling  up  the  posterior  concave,  surfaces  of  the 
arytenoid  curtilages:  It  arms  from  the  pos¬ 
terior  surface  and  lateral  border  of  one  ary¬ 
tenoid  cartilage,  and  is  inserted  into  the  corre- 


I'jiQ.-  'Off!*,— view  of  the  larynx,  shoving 
mwi*cuji»f  »tt<i.ehTrtentjt^ 
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'Jt^l  hlnfri  . 
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^wwcSTti 


AHl^'kxt  JO.CrJ  ior 

* •*  f>>)  '^'To' *f>  f 
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Fia  <J70.~ Muecfof'trf  iftrytt*;.  Posterior  vw*.  .  -Fir..  Qfcfh  -Mittwli*  of  Isjym.  Shi*  view  ‘  ■  lUizlrt  Urrm.a 

••/.“.  -'•*  of  .thvVfytnti  ou,rtifuge  roiiipverh 

spending  parts  al  the  opposite  rartifogC;  It.  eoysisis  of  oblique  and  trausverv  |.o  r«>. 
The  Arytenoideas  obUqaaa,  the:  more  superfitiialifornis  two  fasciculi,  which  pass 


•,«|V.V 
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from  tfe  base  of  one  curtilage  to  the  apex;  of  the  opposite  one,  and  dvcrrfkiw 
cr  :>  .  •  each  other  like  the  limbs  of  the  letter  X;  a  few  fibers  are  continued  'amisst 

the  lateral  margin  of  the  earfttop,  ;*$' 
|Sl  ■; »y  are  prolonged  into  the  art  epigfiiUit'fi.y  , 
»  St  [■}  they,  are  sometimes  described  io  «  jfepsv 

\  ]  ,  Hrff  rate  muscle,  the  AiyepiflkAticas.  The 

i.\  .jgW;l  rail  4f/  irytffinoideoa  trtiuNtaasaa  ■'■$&#■ 

p  -  Jyjps;  ^  .  ,':i^rse1v  lictweer*  "  ,/ 

£  ;  ,.  The  Tfijrrooiryl^ftaWetis  :;SfhgtmN 

■t  \.t  <  '•,••/!  •  1  (big.-..  pKI>,  981 )  is  a  .broad, 

1  .‘fjPl:V  I  i*  f ?  I  inifsdrtcWdi  lies  parallel  with  and  ian.-rd 

.  ^5®  '  i  f  MW  '•  /  to  the ybgaj fold,  and  supports  tJie  wall  t.i 

\  {!  in  ffit if  ..jf  the  veptridc!  and  ita  ’appendix. 

V  Ivs^J^Si  ,j|r.  ,-W //far-  in  /raw*  from  the  lower  half  of  the  angff 

\ Tbilisi  •  ’  rLt  xF1'  $  of  the  thtroid  ca.^ilMge,  arid  fr»*nj  the; 

\  -inW-;  (Jriddlc  cricothyroid  ligament  lt-  n'  .  r 

\  fc|J :(L*yfy /  /  pass  liwckwflrd.  and  lutcralwaol,  ty*.  l.«f- ak~ 

\  and  iMierior sur#e<v 

NcTIHP^V  of  th* arytenoid  cartilage.  The  ice.  i 

S. deeper  fibers  of  the  muscle  can  be difife 
\^W/  entiuted as  a  triangular  baud  wh».-|j  i> 

k  . .  -inserted-  inti*  the  Vocal  process  of  fia 
aryteiioid  yartifage,  and  into  the  adjiiwif 
portion  of  its  anterior  surface;  It  h 
termed  the  Vocalis,  and  ties  parallel  w  ith  the  Vocal  ligament,  to  which  it  a  ail- 
herent.  1  :/  •  \*  \V. 

A  considerable  number  of  the  fibers  of  the  T}iyreoarvt*c?ioideus  arc  prolc?v:At 
into  the  arv epiglottic  fold,  w  here  some  of  them  become  lost,  while  others  are  coo* 
tiiiui-d  to  the  margin  of  the  epiglottis;  They  have  received  a  distinctive  Min-: 
ThyreoepiglottiCuai  nhd  are  songditpeSi us  &  sftpsrau'  muscle.  A  few  fiber- 


pm,  VAl  -  Abia-  lrs  of  tbt  Hryj. 

jfftototjqfesd.) 


wv  r»  li«Acn  o 


Maccus  ^Mwobr^ne.-r'FiW'  wwbite  ro&T&br*m<i  «f •;  tljje  larynx  M  contitfumB  above  wit! 
iiqlttg  tbr  /Tif>ath  tjrsicfefeft  *nd ^J>k?wc3m;.  kilo  it* 

1  i,  idio?  fii*;-  interior  eurfiK-fj  >ind  the  upper  part  of  the  aaitmior V'i^taee  of  five; 10 
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it  is  closely  adherent,  and  forms  the  aryepiglottic  folds  which  bound  the  entrance  of  the  larynx. 
It  lines  the  whole  of  the  cavity  of  the  larynx;  forms,  by  its  reduplication,  the  chief  part  of  the 
ventricular  fold,  and,  from  the  ventricle,  is  continued  into  the  ventricular  appendix.  It  is  then 
reflected  over  the  vocal  ligament,  where  it  is  thin,  and  very  intimately  adherent;  covers  the 
inner  surface  of  the  conus  elasticus  and  cricoid  cartilage;  and  is  ultimately  continuous  with  the 
lining  membrane  of  the  trachea.  The  anterior  surface  and  the  upper  half  of  the  posterior  surface 
of  the  epiglottis,  the  upper  part  of  the  aryepiglottic  folds  and  the  vocal  folds  are  covered  by 
stratified  squamous  epithelium;  all  the  rest  of  the  laryngeal  mucous  membrane  is  covered  by 
columnar  ciliated  cells,  but  patches  of  stratified  squamous  epithelium  are  found  in  the  mucous 
membrane  above  the  glottis. 

Glands. — The  mucous  membrane  of  the  larynx  is  furnished  with  numerous  mucous  secreting 
glands,  the  orifices  of  which  are  found  in  nearly  every  part;  they  are  very  plentiful  upon  the 
epiglottis,  being  lodged  in  little  pits  in  its  substance;  they  are  also  found  in  large  numbers  along 
the  margin  of  the  aryepiglottic  fold,  in  front  of  the  arytenoid  cartilages,  where  they  are  termed 
the  arytenoid  glands.  They  exist  also  in  large  numbers  in  the  ventricular  appendages.  None 
are  found  on  the  free  edges  of  the  vocal  folds. 

Vessels  and  Nerves. — The  chief  arteries  of  the  larynx  are  the  laryngeal  branches  derived 
from  the  superior  and  inferior  thyroid.  The  veins  accompany  the  arteries;  those  accompanying 
the  superior  laryngeal  artery  join  the  superior  thyroid  vein  which  opens  into  the  internal  jugular 
vein;  while  those  accompanying  the  inferior  laryngeal  artery  join  the  inferior  thyroid  vein 
which  opens  into  the  innominate  vein.  The  lymphatic  vessels  consist  of  two  sets,  superior 
and  inferior.  The  former  accompany  the  superior  laryngeal  artery  and  pierce  the  hyothyroid 
membrane,  to  end  in  the  glands  situated  near  the  bifurcation  of  the  common  carotid  artery.  Of 
the  latter,  some  pass  through  the  middle  cricothyroid  ligament  and  open  into  a  gland  lying  in 
front  of  that  ligament  or  in  front  of  the  upper  part  of  the  trachea,  while  others  pass  to  the  deep 
cervical  glands  and  to  the  glands  accompanying  the  inferior  thyroid  artery.  The  nerves  are 
derived  from  the  internal  and  external  branches  of  the  superior  laryngeal  nerve,  from  the 
recurrent  nerve,  and  from  the  sympathetic.  The  internal  laryngeal  branch  is  almost  entirely 
sensory,  but  some  motor  filaments  are  said  to  be  carried  by  it  to  the  Arytsenoideus.  It  enters 
the  larynx  by  piercing  the  posterior  part  of  the  hyothyroid  membrane  above  the  superior 
laryngeal  vessels,  and  divides  into  a  branch  which  is  distributed  to  both  surfaces  of  the  epi¬ 
glottis,  a  second  to  the  aryepiglottic  fold,  and  a  third,  the  largest,  which  supplies  the  mucous 
membrane  over  the  back  of  the  larynx  and  communicates  with  the  recurrent  nerve.  The  external 
laryngeal  branch  supplies  the  Cricothyreoideus.  The  recurrent  nerve  passes  upward  beneath 
the  lower  border  of  the  Constrictor  pharyngis  inferior  immediately  behind  the  cricothyroid  joint. 
It  supplies  all  the  muscles  of  the  larynx  except  the  Cricothyreoideus,  and  perhaps  a  part  of  the 
Arytaenoideus.  The  sensory  branches  of  the  laryngeal  nerves  form  subepithelial  plexuses,  from 
which  fibers  pass  to  end  between  the  cells  covering  the  mucous  membrane. 

Over  the  posterior  surface  of  the  epiglottis,  in  the  aryepiglottic  folds,  and  less  regularly  in 
some  other  parts,  taste-buds,  similar  to  those  in  the  tongue,  are  found. 


THE  TRACHEA  AND  BRONCHI  (Fig.  982). 

The  trachea  or  windpipe  is  a  cartilaginous  and  membranous  tube,  extending 
from  the  lower  part  of  the  larynx,  on  a  level  with  the  sixth  cervical  vertebra,  to  the 
upper  border  of  the  fifth  thoracic  vertebra,  where  it  divides  into  the  two  bronchi, 
one  for  each  lung.  The  trachea  is  nearly  but  not  quite  cylindrical,  being  flattened 
posteriorly;  it  measures  about  11  cm.  in  length;  its  diameter,  from  side  to  side, 
is  from  2  to  2.5  cm.,  being  always  greater  in  the  male  than  in  the  female.  In 
the  child  the  trachea  is  smaller,  more  deeply  placed,  and  more  movable  than 
in  the  adult. 

Relations. — The  anterior  surface  of  the  trachea  is  convex,  and  covered,  in  the  neck,  from 
above  downward,  by  the  isthmus  of  the  thyroid  gland,  the  inferior  thyroid  veins,  the  arteria 
thyroidea  ima  (when  that  vessel  exists),  the  Sternothyreoideus  and  Stemohyoideus  muscles, 
the  cervical  fascia,  and,  more  superficially,  by  the  anastomosing  branches  between  the  anterior 
jugular  veins;  in  the  thorax,  it  is  covered  from  before  backward  by  the  manubrium  stemi, 
the  remains  of  the  thymus,  the  left  innominate  vein,  the  aortic  arch,  the  innominate  and  left 
common  carotid  arteries,  and  the  deep  cardiac  plexus.  Posteriorly  it  is  in  contact  with  the 
esophagus.  Laterally,  in  the  neck,  it  is  in  relation  with  the  common  carotid  arteries,  the  right 
and  left  lobes  of  the  thyroid  gland,  the  inferior  thyroid  arteries,  and  the  recurrent  nerves;  in 
the  thorax,  it  lies  in  the  superior  mediastinum,  and  is  in  relation  on  the  right  side  with  the 
pleura  and  right  vagus,  and  near  the  root  of  the  neck  with  the  innominate  artery;  on  its  left  side 
are  the  left  recurrent  nerve,  the  aortic  arch,  and  the  left  common  carotid  and  subclavian  arteries. 
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The  Right  Bronchus  {bronchus  dexter ),  wider,  shorter,  and  more  vertical  in  direc¬ 
tion  than  the  left,  is  about  2.5  cm.  long,  and  enters  the  right  lung  nearly  opposite 
the  fifth  thoracic  vertebra.  The  azygos  vein  arches  over  it  from  behind;  and  the 
right  pulmonary  artery  lies  at  first  below  and  then  in  front  of  it.  About  2  cm. 
from  its  commencement  it  gives  off  a  branch  to  the  upper  lobe  of  the  right  lung. 
This  is  termed  the  eparterial  branch  of  the  bronchus,  because  it  arises  above  the  right 
pulmonary  artery.  The  bronchus  now  passes  below  the  artery,  and  is  known  as  the 
hyparterial  branch;  it  divides  into  two  branches  for  the  middle  and  lower  lobes. 


Fia.  982. — Front  view  of  cartilages  of  larynx,  trachea,  and  bronchi. 


The  Left  Bronchus  {bronchus  sinister)  is  smaller  in  caliber  but  longer  than  the 
right,  being  nearly  5  cm.  long.  It  enters  the  root  of  the  left  lung  opposite  the  sixth 
thoracic  vertebra.  It  passes  beneath  the  aortic  arch,  crosses  in  front  of  the  esoph¬ 
agus,  the  thoracic  duct,  and  the  descending  aorta,  and  has  the  left  pulmonary 
artery  lying  at  first  above,  and  then  in  front  of  it.  The  left  bronchus  has  no 
eparterial  branch,  and  therefore  it  has  been  supposed  by  some  that  there  is  no 
upper  lobe  to  the  left  lung,  but  that  the  so-called  upper  lobe  corresponds  to  the 
middle  lobe  of  the  right  lung. 


THE  TRACHEA  AND  BRONCHI 


The  further  subdivisions  of  the  bronchi  will  be  considered  with  the  anatomy  of 
the  lung. 

If  a  transverse  section  be  made  across  the  trachea  a  short  distance  above  its 
point  of  bifurcation,  and  a  bird's-eye  view  taken  of  its  interior  (Fig.  984),  the  septum 


Fig.  9s-3.  —  Bronrhi  and  bronchioles. 


«q  widely  separated  and  tissue  cut  away  to  expose  the  air-tubes. 
(Testut.ji 


placed  at  the  bottom  of  the  trachea  and  separating  the  two  bronchi  will  be  seen 
to  occupy  the  left  of  the  median  line,  and  the  right  bronchus  appears  to  be  a  more 
direct  continuation  of  the  trachea  than  the  left,  so  that  any  solid  body  dropping 
into  the  trachea  would  naturally  be  directed  toward  the  right  bronchus.  This 
tendency  is  aided  by  the  larger  diameter 
of  the  right  tube  as  compared  with  its 
fellow.  This  fact  serves  to  explain  why 
a  foreign  body  in  the  trachea  more  fre¬ 
quently  falls  into  the  right  bronchus.1 

Structure  (Fig,  985)  — The  trachea  and  extra- 
pulmonary  bronchi  are  composed  of  imperfect 
ring*  of  hyaline  cartilage,  fibrous  tissue,  mus¬ 
cular  fibers,  mucous  membrane,  and  glands. 

The  cartilages  of  the  trachea  vary  from  sixteen 
to  twenty  iu  number:  each  forms  an  imperfect 
ring,  which  occupies  the  anterior  two-thirds  or 
Sfo  of  the  circumference  of  the  trachea,  being 
deficient  behind,  where  the  tube  is  completed  by  fibrous  tissue  and  unstriped  muscular  fibers. 
The  cartilages  are  placed  horizontally  above  each  other,  separated  by  narrow  intervals.  They 
measure  about  4  mm.  in  depth  and  1  mm.  in  thickness.  Their  outer  surfaces  are  flattened  in 
a  vertical  direction,  but  the  internal  are  convex,  the  cartilages  being  thicker  in  the  middle  than 

i  Uuigy.‘i  asserts  that  tho  entry  of  a  foreikrt  body  into  the  Uft  bronchus  is  by  no  mean!)  so  infrequent  as  is  generally 
supposed  See  also  Me* l  *Cbi  Trans.,  voi  71,  p.  121. 


Fig.  9S4. — Transverse  section  of  the  trachea,  jutft 
above  its  bifurcation,  with  a  bird’s-eye  view  of  the 
interior. 
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at,  the  ni;irgm&.  Two  m-  more  at  the  exirtil^es-o^fep' unite* : fmriiul.lv  or  roiupk-w  \\ ■.  ebd  ui^y 
are  sometime^  bifurcated  at  their;  extremities.  llit^v  are  highly  elastic,  but  may  bccom e  cal  cihed 
in  adv&iujed  life  -  In  the  right  bronchus -the  cartilages  vary  to  ^timber  frOrn  sis  to  eight;  in  the 
left,  from  dixie  Ju  twelve  They  ire  shorter  anrl  uarr>wer  than  ifao<?e  of  the  tracbeav  hut  have 
the  eame  shape  -Anri  ajrangettii$at>  The  jpccuiiar  tracheal  cartilages-  are-  the  llw'  arid  (he  loat 

The  first..  mrUUtfje  w  bwiador  than  the  nsst* and -.often  divided  at  one  old;  it  is  coat'ieeUfl  hv 
the  eiieofc  wheal  ligament  with  the  lovu-r  border  of  the  cncoitl  cartilage,  with  •wfciefi*  or  *\w  • 
the-  succeeding  cartilage,  U  is  ^firivtuiu*  blondfed. 

The  last  car tvUgct  j#  thSck  and  broad  m  the  aiiddtai  in  consequence  0/  its  lower  hotd&f  being 
prqhmmi  imuii  triangular  book -shaped  piNoregSv  Which  eum'js  downward  and  hsckw/6xl  hctweoci 

t^e  two  bronchi.  It  emfc  on  in' . 

'W:  ■  wki.diii 

WmMulft^fk^i  Mtiii'fal  ‘  meitcwnent  of  it*  bronchus.  The  cartilage 

:  ••••*■&,«:.>  ahov*  th*  Jsat  IS  breeder  than 

T  .  ■  .  ■  woti-nj 

*  '  ; &^VW?*vi£.  The fttew* 

are.  far  w  Otetfe  fibrous  Mem- 

bnu»Ov  which  tiOnjhi#*^ &f  ;iwo  layers.;  ones 
The  iliiclter,  pacing  over  the  ;miU*r  surface 
of  the  ring,  the  tUberover  tM  wvner  sur¬ 
face*  at  the  upp^f  xuid  low*#;  iimrgins  of 
the  cartilages  the  two  layer*  blend  Tugedtf* 
to  form  a  single  luembfUne,  whiclj  eohhocd** 
the  rings,  one  with  &iK»tbcn  Th*y /are  thus 
(Avryhfed  by  the  membrane.  Jr#  the  spa ce 
behind,  twitween  the  ends,  of  the  in age,  tb* 
m/^obripie  farms  ft  single  layer. 

The  macular  sisaue  cbosists  of  mo 
layers of  non  ri^ied  hiusefe*  lobgi  tudinai 
irorisv+^rtje.  The .  htogitudinsl  fibers 
are  T^ertmC  And  consist  of  a  fw  fWiered 
b  jin die* .  The.  transverse  fibers 
m  >iAcfei  are  mUirnnL  ibid  form  a  f  hm  layer 
which  extends  tran&vef»ek^  btdwet^  the 
ends  of  the  car \  Moms. 

Mucous  Membrane,  —The  mucous  mem¬ 
brane  i»  eootimiouS  above  with  t  hni  of  the 
larynx,  And  belmr  wi|h  that  of  f  hje  bron¬ 
chi  it  consists  of  areolar  and  lymphoid 
tissue:'; /and'  preaehts  a  weJbntarkcd  ba?e- 
went  membriine,  edppijrtiwg  a  >»tritkSt'd 
epitheluiin,  the  §rtir?&e$/  layer*  w  which  ts  * 
(iptumaar  oml  c.Uiatedr  while  the  deeper 
layers  are  <y>iupi;RK*d  of  or  rounded 

cells.  Beuealh  Ihe  ba^mrot  ruenibrsme 
1  there  is  a  of  ^ngiTuduxal 

elastic  tibers  with  a  srmiii  atiiounr  of  iw?tvmit\&  areolar  The  shttm ^  com¬ 
posed  0$  a  k&&>  mtwli-work  of  ommcctiVu  lis^ilc, '  ;i4po'dV,^^;'n^ryes;  'a«4 

nine  on*  cJamls;  the  duels  of  the  hdter  if ifrita#  the  ovrrivmg  Invert  And  opeO  oh  the  surface 

tp&mx.  ' 

Vessels  wad  Serves,-  The  trachcn  is  suppljCtl  witii  !>l«K»d  by  arteries. 

The  veins  en#i;  ih  (lie  thyroid  ventm*  plexus  l.!h»l  oe£rm..iif?-  Senyad-  'ftdjrpTiie-.yatgt^-  arid  the 
reAUH^irt  ?iervx«,  and  from  the  csydipath^ic';  tln\v  are  distributed  1-#  Uw  Tracbv.dis  muscle  »ad‘ 
between  (h*.t  e  pithelial  cells. 

THE  TI«M. 

Each  lung  1*  invited  he -  ,*m  exceedingly  delicate  serous  memW&Ue*,  the  pleura 
which  is  arranged  30  i Wr  qEi’  ipiy.£L^f  11^  teid  ’  A  portiou  cf  the  serous 

membrane  covers  the  surface  of  the  lung  and  dips  into  the  fissures  between  its 
lobce;  it  is  called  the  pulnwMsary  pleura,  The  rest  of  the  membrane  lines. the  inner 
surface  of  the  chest  wall,  covers  the  •dhphragny  and  is  reflected  over  the  rftnK'fWfis 
occupying  the-  middle,  of  the :  t  borax ;  tins-  port  inn.  is  termed  the’p&riet&I  pleura.  The 
two  layers  ^re  edfttiii^ods  Atith  one  another  armind  and  below  the  TtjrW W  rhedimg; 


•  ti&.  0^f». — -Vf- ec^iion '  of  trachea; 


THE  PLEURAE 


in  health  they  are  in  actual  contact  with  one  another,  but  the  potential  space 
between  them  is  known  as  the  pleural  cavity.  When  the  lung  collapses  or  when 
air  or  fluid  collects  between  the  two  layers  the  cavity  becomes  apparent.  The  right 
and  left  pleural  sacs  are  entirely  separate  from  one  another;  between  them  are  all 
the  thoracic  viscera  except  the  lungs,  and  they  only  touch  each  other  for  a  short 
distance  in  front;  opposite  the  second  and  third  pieces  of  the  sternum  the  interval 
between  the  two  sacs  is  termed  the  mediastinum. 

Different  portions  of  the  parietal  pleura  have  received  special  names  which 
indicate  their  position:  thus,  that  portion  which  lines  the  inner  surfaces  of  the 
ribs  and  Intercostales  is  the  costal  pleura;  that  clothing  the  convex  surface  of  the 
diaphragm  is  the  diaphragmatic  pleura;  that  which  rises  into  the  neck,  over  the 
summit  of  the  lung,  is  the  cupula  of  the  pleura  ( certical  pleura);  and  that  which  is 
applied  to  the  other  thoracic  viscera  is  the  mediastinal  pleura. 


Lou-er  margin  of  pkura 

-Front  view  of  thorax,  showing  the  relations  of  the  p  leone  and  lungs  to  the  cheat  wall. 
Pleura  in  blue;  lungs  in  purple. 


Reflections  of  the  Pleura  (Figs.  08G,  987). — Commencing  at  the  sternum,  the 
pleura  passes  lateral  ward,  lines  the  inner  surfaces  of  the  costal  cartilages,  ribs, 
and  Intercostales,  and  at  the  back  part  of  the  thorax  passes  over  the  sympathetic 
trunk  and  its  branches,  and  is  reflected  upon  the  sides  of  the  bodies  of  the  verte¬ 
brae,  where  it  is  separated  by  a  narrow'  interval,  the  posterior  mediastinum,  from 
the  opposite  pleura.  From  the  vertebral  column  the  pleura  passes  to  the  side  of  the 
pericardium,  which  it  covers  to  a  slight  extent;  it  then  covers  the  back  part  of  the 
root  of  the  lung,  from  the  lower  border  of  which  a  triangular  sheet  descends  verti¬ 
cally  toward  the  diaphragm.  This  sheet  is  the  posterior  layer  of  a  wide  fold, 
knowrn  as  the  pulmonary  ligament.  From  the  back  of  the  lung  root,  the  pleura 
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may  be  traced  over  the  costal  surface  of  the  lung,  the  apex  and  base,  ar*d  «]*.  -«>•: 
the  sides  of  the  fissures  between  the  fote,  w  to  its  irwdhustin^.l  surface  add  ihefr<«iU 
part. of  its  root.  ft  >$  Conti mted  f wib  the  low^r  margin  of  the  root  as  thje.ajattw 
layer  of  the  pulmonary  ligament,  and  from  this  it  is  rdieetednu  to  the  [>*ri<  ‘  - 

(pericardia!  jfleur&b  J4tdf  from  it  fe,  thc^&hk  of  the  Above  tht  \tx4 

the  root  of  the  lung*  however,  the  mediastinal  pleura  passes  unnuerruptedh 
tiie  Vi-rrebral  volmrin  to  the  sternum  over- .the  in  the  superior 

tirtum .  it  covers  flie  upper  surface  of the  diaphragm  and  extends,  -m 

iVord,  mi  km  as  the  costal  . vHrtftup?. of  ,thi*  ■'  rib ;*-a t  the '  of 

to  the  lower  border  of  the  tenth  rib  on  the  (eft  side  and  to  the  upper  border  ->f  ih\ 
s&me rib  on  the  right  Side;  and.  behind*  it  reaches  ushm  ftsthe  twelfth  rib;  ami 

tim*s  evebto 

first  ■  lf}m\ 

if*  citpdfe  prctj^te 
sttperipr  opeidiig  of  the  thorax  intv 
the  n^lc,  (tim  .2,3;  & 

iiii  i  4bove  the  sreniuryad  uf  d? 
ftrst ^  rib^  this  portion  of  the.  iuf  i 
*  tJrtetigtheneii  by  a  domed ikt  e%p i;e 
Hipii  pf  fdspia  (Hibson's  fascia*.  50 
iaelicd  ih  front  to  t  he  inner  l^nk 
of  the  tirst  rib,  and  behind  to  th* 
anterior  border  of  the  trajisyersr 
prbgess  of  the  seventh  eerrim 
vertebra..  This  is  covered  ml 
strengthened  by  a  few  sp&ndi?& 
muscular  fibers  derived  from  thr 
Scaleni; 

In  the  front  of  the  wfe 
the  parkial  pleiira  1*  tyfice!  ed .foe  k> 
ward  trj  the  the  Wi 

pleural  sa^  ^re  in  intact  for  s 
short  distance.  At  the  upper-  part 
Lp**V  &>  ■'»*  of  the  ehe$tj  behind  the  manubri\«n» 

yfj^iyM  thjey  we  *eparate<i  by  an  a  ngnkt 

*.  ttf  itny  irde/‘yai;tiieline  of  reflection  b?i#z 
represented  by  a  tine  drawn  uvm 
the  Sternoclavicular  articulation  X& 
the  mid-point  of  the  junction ef 
the  manubrium  with  the  body  of  the 
sternum.  From  (his  point  tketWo 
pleura?  descend  in  dose  contact  to 
...  .  ;v.  ^  .  :v.  ^  ,,  .  ^  f  b ' f right' aMe. 

is  exmtimted  dmvmvard  in  nearly  a  straight  line  to  the  xiphoid  process,  and  rJasa 
lurns  lateral  ward ,  white  on  the  left  side  the  line  of  reflection  diverges  lateralward 
and  fe  continued  close  to  f he  left  bottler  of  the  sternum,  as  far  as  thr; 

sixth  cost#!  cartikgc*  The  %ferior  limit  of  the  pleura  is  on  a  eotisiderably  lower 
level  thinx -  the  eorfe^mimdmg  limit  of  -the  iuiw.  but  does  not  extend,  to  the  attack- 


I'V'M.h&e 

sR-  <’ak.(u^m  #rt,. 

■s\  &  Iftfa; 


Ho.  fJ*i  —Lfit&r**  vim  of  ohor**.  AUowitig.  th«  ^Inunna  of 
the  pHuw  cbm  wall  Pl^rn  h  hhi*:1\i(ixfi  to 

purple. 
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exists  behind  the  sternum  and  rib  cartilages,  \^here  the  anterior  thin  margin  of 
the  lung  falls  short  of  the  line  of  pleural  reflection,  and  where  the  slit-like  cavity 
between  the  two  layers  of  pleura  forms  what  is  called  the  costomediastinal  sinus. 

The  line  along  which  the  right  pleura  is  reflected  from  the  chest-wall  to  the 
diaphragm  starts  in  front,  immediately  below  the  seventh  sternocostal  joint,  and 
runs  downward  and  backward  behind  the  seventh  costal  cartilage  so  as  to  cross 
the  tenth  rib  in  the  mid-axillarv  line,  from  which  it  is  prolonged  to  the  spinous 
process  of  the  twelfth  thoracic  vertebra.  The  reflection  of  the  left  pleura  follows 
at  first  the  ascending  part  of  the  sixth  etfstal  cartilage,  and  in  the  rest  of  its  course 
is  slightly  lower  than  that  of  the  right  side. 

The  free  surface  of  the  pleura  is  smooth,  polished,  and  moistened  by  a  serous 
fluid;  its  attached  surface  is  intimately  adherent  to  the  lung,  and  to  the  pulmonary 
vessels  as  they  emerge  from  the  pericardium;  it  is  also  adherent  to  the  upper  sur¬ 
face  of  the  diaphragm:  throughout  the  rest  of  its  extent  it  is  easily  separable  from 
the  adjacent  parts. 

The  right  pleural  sac  is  shorter,  wider,  and  reaches  higher  in  the  neck  than  the 
left. 

Pulmonary  Ligament  (lig amentum  'pulmonale;  ligamentum  latum  pulmonis ). — 
From  the  above  description  it  will  be  seen  that  the  root  of  the  lung  is  covered  in 
front,  above,  and  behind  by  pleura,  and  that  at  its  lower  border  the  investing 
layers  come  into  contact.  Here  they  form  a  sort  of  mesenteric  fold,  the  pulmonary 
ligament,  which  extends  between  the  lower  part  of  the  mediastinal  surface  of  the 
lung  and  the  pericardium.  Just  above  the  diaphragm  the  ligament  ends  in  a  free 
falciform  border.  It  serves  to  retain  the  lower  part  of  the  lung  in  position. 

Structure  of  Pleura. — Like  other  serous  membranes,  the  pleura  is  covered  by  a  single  layer 
of  flattened,  nucleated  cells,  united  at  their  edges  by  cement  substance.  These  cells  are  modified 
connective-tissue  corpuscles,  and  rest  on  a  basement  membrane.  Beneath  the  basement  mem¬ 
brane  there  are  net-works  of  yellow  elastic  and  white  fibers,  imbedded  in  ground  substance  which 
also  contains  connective-tissue  cells.  Bloodvessels,  lymphatics,  and  nerves  are  distributed  in 
the  substance  of  the  pleura. 

Vessels  and  Nerves. — The  arteries  of  the  pleura  are  derived  from  the  intercostal,  internal 
mammary,  musculophrenic,  thymic,  pericardiac,  and  bronchial  vessels.  The  veins  correspond 
to  the  arteries.  The  lymphatics  are  described  on  page  719.  The  nerves  are  derived  from  the 
phrenic  and  sympathetic  (Luschka).  Kolliker  states  that  nerves  accompany  the  ramifications 
of  the  bronchial  arteries  in  the  pulmonary  pleura. 

THE  MEDIASTINUM  (INTERPLEURAL  SPACE). 

The  mediastinum  lies  between  the  right  and  left  pleurae  in  and  near  the  median 
sagittal  plane  of  the  chest.  It  extends  from  the  sternum  in  front  to  the  vertebral 
column  behind,  and  contains  all  the  thoracic  viscera  excepting  the  lungs.  It  may 
be  divided  for  purposes  of  description  into  two  parts:  an  upper  portion,  above  the 
upper  level  of  the  pericardium,  which  is  named  the  superior  mediastinum;  and  a 
lower  portion,  below  the  upper  level  of  the  pericardium.  This  lower  portion  is 
again  subdivided  into  three  parts,  viz.,  that  in  front  of  the  pericardium,  the 
anterior  mediastinum;  that  containing  the  pericardium  and  its  contents,  the  middle 
mediastinum;  and  that  behind  the  pericardium,  the  posterior  mediastinum. 

The  Superior  Mediastinum  (Fig.  988)  is  that  portion  of  the  interpleural  space 
which  lies  between  the  manubrium  sterni  in  front,  and  the  upper  thoracic  verte¬ 
brae  behind.  It  is  bounded  below  by  a  slightly  oblique  plane  passing  backward 
from  the  junction  of  the  manubrium  and  body  of  the  sternum  to  the  lower  part 
of  the  body  of  the  fourth  thoracic  vertebra,  and  laterally  by  the  pleurae.  It  con¬ 
tains  the  origins  of  the  Sternohyoidei  and  Sternothyreoidei  and  the  lower  ends  of 
the  Longi  colli;  the  aortic  arch;  the  innominate  artery  and  the  thoracic  portions 
of  the  left  common  carotid  and  the  left  subclavian  arteries;  the  innominate  veins 
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and  the  upper  half  of  the  superior  vena  cava;  the  left  highest  intercostal  vein;  the 
vagus,  cardiac,  phrenic,  and  left  recurrent  nerves;  the  trachea,  esophagus,  and 
thoracic  duct;  the  remains  of  the  thymus,  and  some  lymph  glands. 


Lt.  carotid 


Left  innominate  vein 
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Fig.  989. — A  transverse  section  of  the  thorax,  showing  the  contents  of  the  middle  and  the  pt»Teru«r 
The  pleura!  and  pericardial  cavities  are  exaggerated  since  normally  there  i*  no  «puce  between  pane'll]  and  v*vH’**pfeg* 
and  between  pericardium  and  heart. 


THE  MEDIASTINUM 


The  Anterior  Mediastinum  (Fig.  989)  exists  only  on  the  left  side  where  the 
left  pleura  diverges  from  the  mid-sternal  line.  It  is  bounded  in  front  by  the 
sternum,  laterally  by  the  pleura*,  and  behind  by  the  pericardium.  It  is  narrow, 
above,  but  widens  out  a  little  below.  Its  anterior  wall  is  formed  by  the  left  Trans- 
versus  thoracis  and  the  fifth,  sixth,  and  seventh  left  costal  cartilages.  It  contains 
a  quantity  of  loose  areolar  tissue,  some  lymphatic  vessels  which  ascend  from  the 
convex  surface  of  the  liver,  two  or  three  anterior  mediastinal  lymph  glands,  and 
the  small  mediastinal  branches  of  the  internal  mammary  artery. 


Btyh&at  hdcrexydal  vein 


farm*  communiatntes 
tnj  ,  artetffMhm 


Ft  ri  card  turn 
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Fig.  900. — The  middle  and  posterior  mediaetitm.  Left  Hide. 


The  Middle  Mediastinum  (Fig.  989)  is  the  broadest  part  of  the  interpleural 
space.  It  contains  the  heart  enclosed  in  the  pericardium,  the  ascending  aorta, 
the  lower  half  of  the  superior  vena  cava  with  the  azygos  vein  opening  into  it, 
the  bifurcation  of  the  trachea  and  the  two  bronchi,  the  pulmonary  artery  dividing 
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into  its  two  branches,  the  right  and  left  pulmonary  veins,  the  phrenic  nerve;, 
and  some  bronchial  lymph  glands. 

The  Posterior  Mediastinum  (Figs.  989,  990)  is  an  irregular  triangular  sp m 
running  parallel  with  the  vertebral  column;  it  is  bounded  in  front  by  the  peri¬ 
cardium  above,  and  by  the  posterior  surface  of  the  diaphragm  below,  behind  h} 
the  vertebral  column  from  the  lower  border  of  the  fourth  to  the  twelfth  thoracic 
vertebra,  and  on  either  side  bv  the  mediastinal  pleura.  It  contains  the  thoracic 
part  of  the  descending  aorta,  the  azygos  and  the  two  hemiazygos  veins,  the  vagus 
and  splanchnic  nerves,  the  esophagus,  the  thoracic  duct,  and  some  lymph  glands. 


THE  LUNGS  (PULMONES). 

The  lungs  are  the  essential  organs  of  respiration;  they  are  two  in  numl>er.  placed 
one  on  either  side  within  the  thorax,  and  separated  from  each  other  by  the  heart 
and  other  contents  of  the  mediastinum  (Fig.  991).  The  substance  of  the  lunge 
of  a  light,  porous,  spongy  texture;  it  floats  in  water,  and  crepitates  when  liandld 
ow  ing  to  the  presence  of  air  in  the  alveoli ;  it  is  also  highly  elastic ;  hence  the  retracted 
state  of  these  organs  when  they  are  removed  from  the  closed  cavity  of  the  thorn. 
The  surface  is  smooth,  shining,  and  marked  out  into  numerous  polyhedral  areas 
indicating  the  lobules  of  the  organ:  each  of  these  areas  is  crossed  by  numerous 
lighter  lines. 


Cut  *lf  -fxritardixm 


'Wf  tfoiT  ™ 


Left  vuricvto 


UUl. — Front  vlnw  of  ht> art  aoU  lung*. 


At  birth  the  lungs  are  pinkish  white  in  color;  in  adult  life  the  color  is  a  dart 
slaty  gray,  mottled  in  patches;  and  as  age  advances,  this  mottling  assumes  a  black 
color.  The  coloring  matter  consists  of  granules  of  a  carbonaceous  subst&ntf 
deposited  in  the  areolar  tissue  near  the  surface  of  the  organ.  It  increases  in  quaie 
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tity  as  age  advances,  and  is  more  abundant  in  males  than  in  females.  As  a  rule, 
the  posterior  border  of  the  lung  is  darker  than  the  anterior. 

The  right  lung  usually  weighs  about  625  gm.t  the  left  567  gm.,  but  much  varia¬ 
tion  is  met  with  according  to  the  amount  of  blood  or  serous  fluid  they  may  contain. 
The  lungs  are  heavier  in  the  male  than  in  the  female,  their  proportion  to  the  body 
being,  in  the  former,  as  1  to  37,  in  the  latter  as  1  to  43.  The  vital  capacity,  the 
quantity  of  air  that  can  be  exhaled  by  the  deepest  expiration  after  making  the 
deepest  inspiration  varies  greatly  with  the  individual;  an  average  for  an  adult  man 
is  3700  c.c.  The  total  volume  of  the  fully  expanded  lungs  is  about  6500  c.c.,  this 
includes  both  tissues  and  contained  air.  The  tidal  air,  the  amount  of  air  breathed  in 
or  but  during  quiet  respiration  is  about  5(H)  c.c.  for  the  adult  man.  Various  calcu¬ 
lations  indicate  that  the  total  epithelial  area  of  the  respiratory  and  non-respiratory 
surfaces  during  ordinary  deep  inspiration  of  the  adult  is  not  greater  than  70  square 
meters. 

Each  lung  is  conical  in  shape,  and  presents  for  examination  an  apex,  a  base, 
three  borders,  and  two  surfaces. 
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Fig  992  — Pulmonary  vesaols,  seen  in  a  doreul  vit-w  of  *h<?  heart  ami  lungs  The  lungs  have  been  pulled  aivay 
frt.iu  median  line,  ami  a  par*  of  thm  right  lung  has  Un>n  cut  away  to  display  the  air-ducia  and  vessels. 

{Teatu't.) 


The  apex  (apex  pulmonis)  is  rounded,  and  extends  into  the  root  of  the  neck, 
reaching  from  2.5  to  4  cm.  above  the  level  of  the  sternal  end  of  the  first  rib.  A 
sulcus  produced  by  the  subclavian  artery  as  it  curves  in  front  of  the  pleura  runs 
upward  and  laterahvard  immediately  below  the  apex. 

The  base  pulmonis)  is  broad,  concave,  and  rests  upon  the  convex  surface 


concave, 

of  the  diaphragm,  which  separates  the  right  lung  from  the  right  lobe  of  the  liver, 
and  the  left  lung  from  the  left  lobe  of  the  liver,  the  stomach,  and  the  spleen.  Since 
the  diaphragm  extends  higher  on  the  right  than  on  the  left  side,  the  concavity 
on  the  base  of  the  right  lung  is  deeper  than  that  on  the  left.  Laterally  and  behind, 
the  base  is  bounded  by  a  thin,  sharp  margin  which  projects  for  some  distance 
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into  tilt'-  phrcHiiKicostal  sinus  of  they  pleura,  betw  een  the  lower  ribs  ami  the  reef'd 
attachment  of  the  diaphragmi  The  bos*?  of  the  lung  descends  during  inspimioif 


and  -ascend*  during  expiration. 

Surfaces.  -The  costal  surface  ',/uenw  confalis;.  txteniAl  or  -thoracic  mtrjac*\  -is 
smooth,  convex,  of  considerable  extent,  and  corresponds  to  the  form  of  the  cavity 
of  the  ehesl,  being  deeper  behind  thrttt  in  front.  It  is  in  contact  with  the  e»».wj 
pleura,  and  presents,  in  specimens  w  hich  have  been  hardened  m«ita,  slight  grtaww 
corresponding  with,  the  overlying  ribs. 

The  mediastinal'  surface  i/mvV*  tnmr  imfoce)  is  ip  rWiMo  Me; 

the  mcrhastiml  pleura,  It  presehts  'ft  deep  eoneavitr,  the  cardiac  trapmsisa. 
which  accommodate*  the  pericardium;  this,  is  larger  and  deeper  on  the  left  titan 
on  the  right  lung,  on  account  of  the  heart  projecting  farther  to  the  left  than  :<■  rh* 


•••  ":. 


}($  ■ 

*v  ft . :  v't'ifa  ,&•**, 


\>yti)rnvna?l\ 

'  ;fl ifi-fiO 


ip?* 


Fitr.  e«jrfftC4>  a?  fifiitlung. 

right  side  of  the  median  plane.  Above,  and  behind  this  concavity  is  a  triangular 
depression  named  the  lulum,  where  the  structures  which  form  the  root  of  tie'  be* 
enter  and  have  the  visens.  These  struct  (tries  are  invested  by  pleura,  which.  My* 
the  hitns  and  behind  the  pern  a rd ml  impression,  forms- Ahe  pulmonary  ligiitavut 
Oh  the  ripht  lung  1  fig.  HfKil;  immediately  above  the  hit  us,  is  an  arched  *".rr,^ 
which  accommodates  the  ucyitu*  vein:  while  running  upward,  and.  then  ardta.* 
litferalward  some  little  distance  below  the  apex,  i».  a  wide  grt»>ve  iW  the  •niy-rwr 
vena  cava  and  right,  innominate  vein;  behind  this,  and  nearer  the  apex,  is  &  hn>-<v 
for  the ..inn'otninute  artery  ;  s  Behind  the  bihm  aud  the  af.taehment  uf  the  pidtahoidj 
ligament  is  a. 'vertical  groove  for  the  esophagus;  this  groove  becomes  less  disthet 
below,  owing  to  thy  inclination  of  tin-  lower  part  of  the  esophagus  in  the  left  nt 
the  middle  line.  In  front;  and  to  the  fight  of  the  lower  part  of  the 
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■groove  is  a  deep  concavity  fftr  the  extra  jx^rieardiae  portion  of  tfie  thoracic  part 
of  the  inferior  veriitc^.  On  rate. 0W),  iinntedi&teSy  the  fulpS, 
ifr  a  wethinarked  curved  furrow  prpdjueed  by  the  north;  arch,  and  running  upward 
from  this  toward  the  apex  is  a  groove  aeiniwpodRting  the  left  snliclavian  artery; 
a  aijijiit  impression  in  front  of  the  latter  and  dose  to  the  margin  of  the  lung  lodges 
tbecleit  tnm>mit?ntv  v«n.  Behind  the  hilus  and  ptihnpnary ligament  is  a  vertical 
.fprrmr  protjumi  ivy  the  descending  aorta,  and  m  front,  td  this,  near  the  base'. of 
the dtibg;' the  lower  part  of  the  esophagns  caiiseia  shallow  impression, 

Botd«rtt,  — The  inferior  l»d*d«r||^^o  itiferipr)  :.ii$;  Qiih';4tidi*^(irp  whepj  it  sepa¬ 
rates  the  base  front  the  eostftl  sur,fat*t-  and  extends  Into  the  phretdik^atid  sinus; 


medially  where  it  slmdfe  the hmz  from  the  U&fzkx-:  k  is  btiiiit  and 

roundest. 

.  ff'OpSt  fat  tot* 

.  ^  ,,.r.  rcm 


,pt iitfioff&r-H- 
.  a*- f»r fr 


UtoitcKxU 


I'M-Wtifittvy, 
v  Bt'vna 


pJ&ttrior 

b-mrdtit 


jXote  fy 


f'ujri  'rfrfV’?/- 
^ora?Hr:vi( 


£‘’>6.  V^f.^W.rvIiatstiiial  eurfAtte  of  left  iiirtg. 


The  posterior  border  (manja  pnetern/r)  is  broad  and  rounded,  and  is  received  into 
the  ik-op  vomavify  on  either  side  of  the  vertebral  -column.  •  It  is  much  longer 
than  the  anterior  border,  and  projects,  below,  into  the  phrenicocostal  sinus. 

The  anterior  border  (marr/o  nnteriot)  is  thin  and  sharp,  and  overlaps  the  front 
rtf  the.  pericardiiitjp  The  anterior  border  of  the  rifiht  lung  is  almost  vertical,  nod 
projects  into  the  {prstppiediustimni  sinus;  thai  of  fhe/e/f  presents,  below,  an&ngular 
.notch,  the  cardiac  notch,  ip  which  the-  pericardium  is  exposed.  Opposite  this 
notch  the  anterior  margin  of  tin-  left  lung  is  situated  some  little  distance  lateral 
to  the  line  of  inflection  of  the  oimsjw ling  part  of  the  pleura. 

f*issures  and  Lobes  of  the  Lungs, -  Tin;  left  luBg  is  divided  into  two  lobes, 
an  upper  ami  u  lower,  by  an  interlobular  fissure,  which  extends  from  the  costal 
to.  the  mediastinal  aurfflcepf.  the  lytig  both  a  how  and  below  the  hiiux.  A-  seen 
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on  the  surface,  this  fissure  begins  on  the  mediastinal  surface  of  the  lung  at  the 
upper  and  posterior  part  of  the  hilus,  and  runs  backward  and  upward  to  the  pos¬ 
terior  border,  which  it  crosses  at  a  point  about  6  cm.  below  the  apex.  It  then 
extends  downward  and  forward  over  the  costal  surface,  and  reaches  the  lower 
border  a  little  behind  its  anterior  extremity,  and  its  further  course  can  be  followed 
upward  and  backward  across  the  mediastinal  surface  as  far  as  the  lower  part  of 
the  hilus.  The  superior  lobe  lies  above  and  in  front  of  this  fissure,  and  includes  the 
apex,  the  anterior  border,  and  a  considerable  part  of  the  costal  surface  and  the 
greater  part  of  the  mediastinal  surface  of  the  lung.  The  inferior  lobe,  the  larger 
of  the  two,  is  situated  below  and  behind  the  fissure,  and  comprises  almost  the 
whole  of  the  base,  a  large  portion  of  the  costal  surface,  and  the  greater  part  of 
the  posterior  border. 

The  right  lung  is  divided  into  three  lobes,  superior,  middle,  and  inferior,  by 
two  interlobular  fissures.  One  of  these  separates  the  inferior  from  the  middle 
and  superior  lobes,  and  corresponds  closely  with  the  fissure  in  the  left  lung.  Its 
direction  is,  however,  more  vertical,  and  it  cuts  the  lower  border  about  7.5  cm. 
behind  its  anterior  extremity.  The  other  fissure  separates  the  superior  from  the 
middle  lobe.  It  begins  in  the  previous  fissure  near  the  posterior  border  of  the  lung, 
and,  running  horizontally  forward,  cuts  the  anterior  border  on  a  level  with  the 
sternal  end  of  the  fourth  costal  cartilage;  on  the  mediastinal  surface  it  may  be 
traced  backward  to  the  hilus.  The  middle  lobe,  the  smallest  lobe  of  the  right 
lung,  is  wedge-shaped,  and  includes  the  lower  part  of  the  anterior  border  and  the 
anterior  part  of  the  base  of  the  lung. 

The  right  lung,  although  shorter  by  2.5  cm.  than  the  left,  in  consequence  of  the 
diaphragm  rising  higher  on  the  right  side  to  accommodate  the  liver,  is  broader, 
owing  to  the  inclination  of  the  heart  to  the  left  side;  its  total  capacity  is  greater 
and  it  weighs  more  than  the  left  lung. 

The  Root  of  the  Lung  (radix  pulmonis). — A  little  above  the  middle  of  the  medias¬ 
tinal  surface  of  each  lung,  and  nearer  its  posterior  than  its  anterior  border,  is  its 
root,  by  which  the  lung  is  connected  to  the  heart  and  the  trachea.  The  root  is 
formed  by  the  bronchus,  the  pulmonary  artery,  the  pulmonary  veins,  the  bronchial 
arteries  and  veins,  the  pulmonary  plexuses  of  nerves,  lymphatic  vessels,  bronchial 
lymph  glands,  and  areolar  tissue,  all  of  which  are  enclosed  by  a  reflection  of  the 
pleura.  The  root  of  the  right  lung  lies  behind  the  superior  vena  cava  and  pan 
of  the  right  atrium,  and  below  the  azygos  vein.  That  of  the  left  lung  passes 
beneath  the  aortic  arch  and  in  front  of  the  descending  aorta;  the  phrenic  nerve, 
the  pericardiacophrenic  artery  and  vein,  and  the  anterior  pulmonary  plexus,  lie 
in  front  of  each,  and  the  vagus  and  posterior  pulmonary  plexus  behind  each; 
below  each  is  the  pulmonary  ligament. 

The  chief  structures  composing  the  root  of  each  lung  are  arranged  in  a  similar 
manner  from  before  backward  on  both  sides,  viz.,  the  upper  of  the  two  pulmonary 
veins  in  front;  the  pulmonary  artery  in  the  middle;  and  the  bronchus,  together 
with  the  bronchial  vessels,  behind.  From  above  downward,  on  the  two  sides, 
their  arrangement  differs,  thus: 

On  the  right  side  their  position  is — eparterial  bronchus,  pulmonary  artery, 
hyparterial  bronchus,  pulmonary  veins,  but  on  the  left  side  their  position  is— 
pulmonary  artery,  bronchus,  pulmonary  veins.  The  lower  of  the  two  pulmonary 
veins,  is  situated  below  the  bronchus,  at  the  apex  or  lowest  part  of  the  hilus 
(Figs.  993,  994). 

Divisions  of  the  Bronchi. — Just  as  the  lungs  differ  from  each  other  in  the  number 
of  their  lobes,  so  the  bronchi  differ  in  their  mode  of  subdivision. 

The  right  bronchus  gives  off,  about  2.5  cm.  from  the  bifurcation  of  the  trachea, 
a  branch  for  the  superior  lobe.  This  branch  arises  above  the  level  of  the  pulmonary 
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artery,  and  is  therefore  named  the  ep&rteri&I  bronchus.  All  the  other  divisions 
of  the  main  stem  come  off  below  the  pulmonary  artery,  and  consequently  are 
termed  hyparterial  bronchi.  The  first  of  these  is  distributed  to  the  middle  lobe, 
and  the  main  tube  then  passes  downward  and  backward  into  the  inferior  lobe, 
giving  off  in  its  course  a  series  of  large  ventral  and  small  dorsal  branches.  The 
ventral  and  dorsal  branches  arise  alternately,  and  are  usually  eight  in  number — 
four  of  each  kind.  The  branch  to  the  middle  lobe  is  regarded  as  the  first  of  the 
ventral  series. 

The  left  bronchus  passes  below  the  level  of  the  pulmonary  artery  before  it  divides, 
and  hence  all  its  branches  are  hyparterial;  it  may  therefore  be  looked  upon  as 
equivalent  to  that  portion  of  the  right  bronchus  which  lies  on  the  distal  side  of  its 
eparterial  branch.  The  first  branch  of  the  left  bronchus  arises  about  5  cm.  from 
the  bifurcation  of  the  trachea,  and  is  distributed  to  the  superior  lobe.  The  main 
stem  then  enters  the  inferior  lobe,  where  it  divides  into  ventral  and  dorsal  branches 
similar  to  those  in  the  right  lung.  The  branch  to  the  superior  lobe  of  the  left  lung 
is  regarded  as  the  first  of  the  ventral  series. 


f 


Fig.  995. — Part  of  a  secondary  lobule  from  the  depth  of  a  human  lung,  showing  parts  of  several  primary  lobules. 
1,  bronchiole;  2,  respiratory  bronchiole;  3,  alveolar  duct;  4,  atria;  5,  alveolar  sac;  6,  alveolus  or  air  cell;  m,  smooth 
muscle;  o.  branch  pulmonary  artery;  t>,  branch  pulmonary  vein;  *,  septum  between  secondary  lobules.  Camera 
drawing  of  one  50  M  section.  X  20  diameters.  (Miller.) 

Structure. — The  lungs  are  composed  of  an  external  serous  coat,  a  subserous  areolar  tissue 
and  the  pulmonary  substance  or  parenchyma. 

The  serous  coat  is  the  pulmonary  pleura  (page  1099);  it  is  thin,  transparent,  and  invests  the 
entire  organ  as  far  as  the  root. 

The  subserous  areolar  tissue  contains  a  large  proportion  of  elastic  fibers;  it  invests  the  entire 
surface  of  the  lung,  and  extends  inward  between  the  lobules. 

The  parenchyma  is  composed  of  secondary  lobules  which,  although  closely  connected  together 
by  an  interlobular  areolar  tissue,  are  quite  distinct  from  one  another,  and  may  be  teased 
asunder  without  much  difficulty  in  the  fetus.  The  secondary  lobules  vary  in  size;  those  on 
the  surface  are  large,  of  pyramidal  form,  the  base  turned  toward  the  surface;  those  in  the 
interior  smaller,  and  of  various  forms.  Each  secondary  lobule  is  composed  of  several  primary 
lobules,  the  anatomical  units  of  the  lung.  The  primary  lobule  consists  of  an  alveolar  duct, 
the  air  spaces  connected  with  it  and  their  bloodvessels,  lymphatics  and  nerves. 

The  intrapulmonary  bronchi  divide  and  subdivide  throughout  the  entire  organ,  the  smallest 
subdivisions  constituting  the  lobular  bronchioles.  The  larger  divisions  consist  of:  (1)  an  outer 
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coat  of  fibrous  tissue  in  which  are  found  at  intervals  irregular  plates  of  hyaline  cartilage,  most 
developed  at  the  points  of  division;  (2)  internal  to  the  fibrous  coat,  a  layer  of  circularly  disposed 
smooth  muscle  fibers,  the  bronchial  muscle;  and  (3)  most  internally,  the  mucous  membrane, 
lined  by  columnar  ciliated  epithelium  resting  on  a  basement  membrane.  The  corium  of  the 
mucous  membrane  contains  numerous  elastic  fibers  running  longitudinally,  and  a  certain  amount 
of  lymphoid  tissue;  it  also  contains  the  ducts  of  mucous  glands,  the  acini  of  which  lie  in  the 
fibrous  coat.  The  lobular  bronchioles  differ  from  the  larger  tubes  in  containing  no  cartilage 
and  in  the  fact  that  the  ciliated  epithelial  cells  are  cubical  in  shape.  The  lobular  bronchioles 
are  about  0.2  mm.  in  diameter. 

Each  bronchiole,  according  to  Miller,  divides  into  two  or  more  respiratory  bronchioles,  with 
scattered  alveoli,  and  each  of  these  again  divides  into  several  alveolar  ducts,  with  a  greater  number 
of  alveoli  connected  with  them.  Each  alveolar  duct  is  connected  with  a  variable  number  of  irregu¬ 
larly  spherical  spaces,  which  also  possess  alveoli,  the  atria.  With  each  atrium  a  variable  number 
(2-5)  of  alveolar  sacs  are  connected  which  bear  on  all  parts  of  their  circumference  alveoli  or  air 
sacs.  Willson  claims  there  is  no  “spherical  space"  or  “atrium"  such  as  described  by  Miller. 

The  alveoli  are  lined  by  a  delicate  layer  of  simple  squamous  epithelium,  the  cells  of  which 
are  united  at  their  edges  by  cement  substance.  Between  the  squames  are  here  and  there  smaller, 
polygonal,  nucleated  cells.  Outside  the  epithelial  lining  is  a  little  delicate  connective  tissue 
containing  numerous  elastic  fibers  and  a  close  net- work  of  blood  capillaries,  and  forming  a  common 
wall  to  adjacent  alveoli  (Fig.  996). 


Fia.  996. — Schematic  longitudinal  section  of  a  primary  lobule  of  the  lung  (anatomies  unit);  r.  6..  repeater 
bronchiole;  al.  d alveolar  duct;  at.,  atria:  a.  alveolar  Bac;  a,  alveolus  or  air  cell;  p.  a.,  pulmonary  artery  ;  p.  t 
pulmonary  vein;  l.,  lymphatic;  l.  «.,  lymph  node.  (Miller.) 


The  fetal  lung  resembles  a  gland  in  that  the  alveoli  have  a  small  lumen  and  are  lined  by  cubical 
epithelium.  After  the  first  respiration  the  alveoli  become  distended,  and  the  epithelium  take- 
on  the  characters  described  above. 

Vessels  and  Nerves. — The  pulmonary  artery  conveys  the  venous  blood  to  the  lungs;  it  divide* 
into  branches  which  accompany  the  bronchial  tubes  and  end  in  a  dense  capillary  net-work  in 
the  walls  of  the  alveoli.  In  the  lung  the  branches  of  the  pulmonary  artery  are  usually  above 
and  in  front  of  a  bronchial  tube,  the  vein  below. 

The  pulmonary  capillaries  form  plexuses  which  lie  immediately  beneath  the  lining  epithe¬ 
lium,  in  the  walls  and  septa  of  the  alveoli  and  of  the  infundibula.  In  the  septa  between  the 
alveoli  the  capillary  net-work  forms  a  single  layer.  The  capillaries  form  a  very  minute  net-work, 
the  meshes  of  which  are  smaller  than  the  vessels  themselves;  their  walls  are  also  exceedingly 
thin.  The  arteries  of  neighboring  lobules  are  independent  of  each  other,  but  the  veins  freely 
anastomose. 

The  pulmonary  veins  commence  in  the  pulmonary  capillaries,  the  radicles  coalescing  into 
larger  branches  which  run  through  the  substance  of  the  lung,  independently  of  the  pulmonary 
arteries  and  bronchi.  After  freely  communicating  with  other  branches  they  form  large  vessels, 
which  ultimately  come  into  relation  with  the  arteries  and  bronchial  tubes,  and  accompany 
them  to  the  hilus  of  the  organ.  Finally  they  open  into  the  left  atrium  of  the  heart,  conveying 
oxygenated  blood  to  be  distributed  to  all  parts  of  the  body  by  the  aorta. 

The  bronchial  arteries  supply  blood  for  the  nutrition  of  the  lung;  they  are  derived  from  the 
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thoracic  aorta  or  from  the  upper  aortic  intercostal  arteries,  and,  accompanying  the  bronchial 
tubes,  are  distributed  to  the  bronchial  glands  and  upon  the  walls  of  the  larger  bronchial  tubes 
and  pulmonary  vessels.  Those  supplying  the  bronchial  tubes  form  a  capillary  plexus  in  the 
muscular  coat,  from  which  branches  are  given  off  to  form  a  second  plexus  in  the  mucous  coat; 
this  plexus  communi cates  with  small  venous  trunks  that  empty  into  the  pulmonary  veins. 
Others  are  distributed  in  the  interlobular  areolar  tissue,  and  end  partly  in  the  deep,  partly 
in  the  superficial,  bronchial  veins.  Lastly,  some  ramify  upon  the  surface  of  the  lung,  beneath 
the  pleura,  where  they  form  a  capillary  network. 

The  bronchial  veil*  is  formed  at  the  root  of  the  lung,  receiving  superficial  and  deep  veins  corre¬ 
sponding  to  branches  of  the  bronchial  artery.  It  does  not,  however,  receive  all  the  blood  supplied 
by  the  artery,  as  some  of  it  passes  into  the  pulmonary  veins.  It  ends  on  the  right  side  in  the 
azygos  vein,  and  on  the  left  side  in  the  highest  intercostal  or  in  the  accessory  hemiazygos  vein. 

The  lymphatics  are  described  on  page  723. 

Nerves. — The  lungs  are  supplied  from  the  anterior  and  posterior  pulmonary  plexuses,  formed 
chiefly  by  branches  from  the  sympathetic  and  vagus.  The  filaments  from  these  plexuses  accom¬ 
pany  the  bronchial  tubes,  supplying  efferent  fibers  to  the  bronchial  muscle  and  afferent  fibers 
to  the  bronchial  mucous  membrane  and  probably  to  the  alveoli  of  the  lung.  Small  ganglia 
are  found  upon  these  nerves. 
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THE  DIGESTIVE  APPARATUS  (APPARATUS  DIGESTORIUS;  ORGANS 

OF  DIGESTION). 

The  apparatus  for  the  digestion  of  the  food  consists  of  the  digestive  tube  and  of 
certain  accessory  organs. 

The  Digestive  Tube  ( alimentary  canal)  is  a  musculomembranous  tube,  about 
9  metres  long,  extending  from  the  mouth  to  the  anus,  and  lined  throughout  its 
entire  extent  by  mucous  membrane.  It  has  received  different  names  in  the  various 
parts  of  its  course:  at  its  commencement  is  the  mouth,  where  provision  is  made 
for  the  mechanical  division  of  the  food  {mastication) ,  and  for  its  admixture  with 
a  fluid  secreted  by  the  salivary  glands  ( insalivation );  beyond  this  are  the  organs 
of  deglutition,  the  pharynx  and  the  esophagus,  which  convey  the  food  into  the 
stomach,  in  which  it  is  stored  for  a  time  and  in  which  also  the  first  stages  of  the 
digestive  process  take  place;  the  stomach  is  followed  by  the  small  intestine,  which 
is  divided  for  purposes  of  description  into  three  parts,  the  duodenum,  the  jejunum, 
and  ileum.  In  the  small  intestine  the  process  of  digestion  is  completed  and  the 
resulting  products  are  absorbed  into  the  blood  and  lacteal  vessels.  Finally  the 
small  intestine  ends  in  the  large  intestine,  which  is  made  up  of  cecum,  colon,  rectum, 
and  anal  canal,  the  last  terminating  on  the  surface  of  the  body  at  the  anus. 

The  accessory  organs  are  the  teeth,  for  purposes  of  mastication;  the  three  pairs 
of  salivary  glands — the  parotid,  submaxillary,  and  sublingual — the  secretion  from 
which  mixes  with  the  food  in  the  mouth  and  converts  it  into  a  bolus  and  acts 
chemically  on  one  of  its  constituents;  the  liver  and  pancreas,  two  large  glands 
in  the  abdomen,  the  secretions  of  which,  in  addition  to  that  of  numerous  minute 
glands  in  the  walls  of  the  alimentary  canal,  assist  in  the  process  of  digestion. 
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The  Development  of  the  Digestive  Tube.— The  primitive  digestive  tube  con¬ 
sists  of  two  parts,  viz.:  (1)  the  fore-gut,  within  the  cephalic  flexure,  and  dorsal 
to  the  heart;  and  (2)  the  hind-gut,  within  the  caudal  flexure  (Fig.  997),  Between 
these  is  the  wide  opening  of  the  yolk-sac,  which  is  gradually  narrowed  and  reduced 
to  a  small  foramen  leading  into  the  vitelline  duct.  At  first  the  fore-gut  and  hind- 
gut  end  blindly.  The  anterior  end  of  the  fore-gut  is  separated  from  the  stomo- 
deurn  by  the  buccopharyngeal  membrane  (Fig.  997);  the  hind-gut  ends  in  tkv 
cloaca,  which  is  closed  by  the  cloaca!  membrane. 
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Fh»  997, — Human  embryo  about  fifteen  tlaye  old.  Brain  and  heart  represented  from  right  side.  Difeetire  t<air  #sd 

jolk  aao  in  median  eeotion.  (After  Ilia,) 

The  Mouth. — The  mouth  is  developed  partly  from  the  stomodeum,  and  parti; 
from  the  floor  of  the  anterior  portion  of  the  fore-gut.  By  the  growth  of  the  head 
end  of  the  embryo,  and  the  formation  of  the  cephalic  flexure,  the  pericardial  am 
and  the  buccopharyngeal  membrane  come  to  lie  on  the  ventral  surface  of  tk 
embryo.  With  the  further  expansion  of  the  brain,  and  the  forward  bulging  of  the 
pericardium,  the  buccopharyngeal  membrane  is  depressed  between  these  two 
prominences.  This  depression  constitutes  the  stomodeum  (Fig,  91)7).  It  is  lined 
by  ectoderm,  and  is  separated  from  the  anterior  end  of  the  fore-gut  by  the  buco> 
pharyngeal  membrane.  This  membrane  is  devoid  of  mesoderm,  being  formed 
by  the  apposition  of  the  stomodeal  ectoderm  with  the  fore-gut  entoderm;  at  tk 
end  of  the  third  week  it  disappears,  and  thus  a  communication  is  established 
between  the  mouth  and  the  future  pharynx.  No  trace  of  the  membrane  is  found 
in  the  adult;  and  the  communication  just  mentioned  must  not  be  confused  with  the 
permanent  isthmus  faueium.  The  lips,  teeth,  and  gums  are  formed  from  the  walls 
of  the  stomodeum,  but  the  tongue  is  developed  in  the  floor  of  the  pharynx. 

The  visceral  arches  extend  in  a  ventral  direction  between  the  stomodeum  and 
the  pericardium;  and  with  the  completion  of  the  mandibular  arch  and  the  formation 
of  the  maxillary  processes,  the  mouth  assumes  the  appearance  of  a  pentagonal 
orifice.  The  orifice  is  bounded  in  front  by  the  fronto-nasal  process,  behind  by  the 
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mandibular  arch,  and  laterally  by  the  niaxill&rv  pisx-esses  (Fig.  95$),  With  the 
inward  growth  and  fusion  of  the  palatine  processes  (Figs.  49,  50),  the  sto»K»deum 
is  diyidi*i  into  an  upper  nasal,  and  a lower  bwoeal  part.  4tehg  the  fre'e  margins 
of  the  processes  hounding  the  mouth  eaeity  a  shttUoxe  groove  appears;  this  is 
termed  the  primary  labial  groove,  and  from  the  bottom  of  it  a  downgroWth  of 
ectoderm  twkes  place  into  the  underlying  mesoderm.  The  eentfid  celts  of;  the 
ectodermal  duWHgruwtk  ijcgenerate  arid  a  secondary  labial  groove  is  formed;  by 
the  deepening  of  this,  the  lips  and  cheeks  are  separated  from  the  alveolar  processes; 
of  the  maxilla*  and  mandible. 

The  Salivary  Glands.-— The  salivary  glands  arise  as  buds  from  the  epithelial 
lining  of  the  mouth;  the  parotid  appears  during  the  fourth  week  in  the  angle 
between  the  maxillary  process  and  the 


mandilmlar  ardi;  tlitv  subwaxiHary  ap- 
pours  ip  the  sixth  week,  and  the  sublin-  ^$8®? 
gual  during  the ninth  week  in  t,hfi  hollovt  M  If  ;  iWk 

between  the  tongue  hpd  the  mandibular  Jay  vfMl 

The  Tonga*  (Figs.  9ftV)  to  1001 ). — Flic  ,|h  ^  y 

tongue  is  developed  ib  tin?  floor  of  the  ^&|p 

pharynx,  and  consists  pf  an  anterior  or 
buccal  and  aijostemr  orphstryrigeal  part  |; 
which  art  separated  ;a' /he  wduU  by  the  ;  ■  ;-v 

V-shaped  sulcus  term  maKs.  ,  l)hf  rng  the  .  mb  M 

third  week  there  appears,  immediately  -,J%  _•  ••  y  vy- 

hehi  ltd  the  vein  ral  ends  of  the  two  halves  v-.  x^’kSlSi 

of  the  mandibular  arch,  a  roundedh; ::  p?-' 
swelling  named  the  Wherculura  irupar. 
which  Was  described  by  i Us  as  un-  ; S-  xy; 
dergtiiiig  enlargement  to  form  the  '  •%  ,  .  - 

buccal  part  pf  t&j|f  $oii{§iib.  Mure  re-  \  : 

cept.  researches*  however,  shtVw-  that 
this  part  of  the  tongue  is  mainly,  if 
not  entirely,  developed  from  *.  pair 
of  lateral  swellings  which  rise  from 
the  inner  surface  of  the  mandibular  arch  and  meet  in  the  middle  line.  The  tliber- 
culum  impar  is  said  to  form  the  central  part  of  the  tongue  iraoiediately  in  front 
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&f  ihn  end  of  tiiv  idarib  w  <.*©!:.  (Proti\ 
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of  the  forarr^ii-  WHUi],  but  Hamirmr  feasts  the t  it  h  purely  a  transitory  ^truerurc 
ami  form.'  no  part  of  the  adult  tongue.  From  the  ventral  ends  of  the  fourth  arch 
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there  arises  ft.  second  tftrjS'er  elevation,-  in  (lie  center  of  which  is  a  mwlkt  gr-smt 

or  femm\  fnrcula,  am!  is  at  first  -separstad 

kata  the  tttbemihtni  impair  by  a  depression.  but  later  by  a  ridge,  the  cepnli, 
formed  %  the  fptvrard igphyth  aacf  fetc®1  of  .the  ’vrehtrd  ends.  of  the  setmod  *e)i 
third  arches.  The  posterior  t«(  ptiarynggal  part  of  the  tongue  is  developed  fn«e 
the  copula,  which  extends  forward  in  the  form  of  a  V,  k(  as  to  •cmhfatifr-'tk.'fViWfife’ 
t^d^iute.theifuccal'psirt  of  the  tongue.  At  the  apex  of  the  V  a  pit-like  mYapmsti'V 

occurs,  ta  -form  the  i  hyroid  gland: 
and  tbfo  depressiicHi  is  mpraeiilcd  m 
the  adult  by  the  foramen  cetaa  of 
the  tongue  In  the  adult  the  umwi 
of  the  anterior  ami  p«>sterior  purls 
of ’the  tongue  is  marked  by  the  V- 
ahaped  auicus  terminalis,  the  apex  d 
which  is  at  the  foramea  cecum,  whih 
the  limbs  run  Utetflivrard  awl 
Ar^n..,i.i  .forward,  parallel  to.  hut  a  little 
.v» <Wi'»ww  htod,  the  vallate,  papiihe.  ,  .  .. 

The  Palatine  Tonsils.  -The  p&Ldiir 
,?’w  tonsils  are  developed  from  ike-dyedi. 
angles  of  the  second  l)raiicMalpu^^. 
The  entoderm  which  lines  these  pouches  grows  in  the  form  of  a  outnher  of :-v-: 
buds  into  the  surrounding  tuesoderm.  These  bods  become  hollowed  out  by  tie 
degettcrafioti  and  easting  off  of  their  central  cells,  and  by  this,  means  th£  lofisilisr 
crypts  are  formed.  Lymphoid  cells  accumulate  around  the  crypts,  and  r-  ,  >, 
grouped  to  form  the  lymphoid  follicles;  thdvlait&'r',  -  htitwever,  are  not  welMefimd 
until  after  birth. 

The  Furihar  Development  of.  the  Digestive  To, he,-— The  upper  part.  of  the  fore-cur 
becomes  dilated  to  form  lire  pharynx  (Fig;  f(07),  in  .relation  to  which  the  brim  f 
arches  are  developed  (set?  page  fi|L-  the  sliccectiing  part  remains  tubular;  and  nidi 
the  descent  of  the  siomtseh  &  dbogaietl  to  form  the  esophagus.  About 'th?  fourtb 
week  a  fosifortn  dilatatieMi,  the.  future  stomach,  makes  ifs  appearance,  and  teymi 
tbfethe'gul'ojH^s-fir^ir  ilitd  lOHih  /l  and  B),  The  opening  it  at 

first  wide,  but  is  gradually  murOwfod Ttitti  a  tubular  stalk,  the  yolk-stalk  or  vitelfa* 
duct.  Between  the  stomitch  and  tire  mouth  of  the  yolk-sac  the  liver  diverticulum 
appears  From  the  stomach  to  the  rectum- the  alimentary  canal  is  attached  to  the 
notochord  by-  a  hand  of  mesoderm,  from  Which  the  eommem  mesentery  of  the  gut 
is  subsequently  developed.  The  tdOmaeh  has  an  additional  littachnu'ut,  via.,  u> 
the  ventral  abdominal  wall  as  far  as  the  ambitious  by  the  septum,  transversmn. 
Thecephdic  pnrtioji  of  the  septum  takes  part,  in  the  formation  of  t.W' diaphragm, 
while  the  caudal  ptfirtiiip  into  which  the  liver  grows  forms  the  ventral  atesoputnaB 
(Fig.  tOOl),  The  stomach  imdergnes  a  further  dilatation,  and  its  two  curvature* 
can  be  recognized  (Figs.  1 003,  B,  and  10(H),  the  greater  directed  toward  the  vertebral 
column  and  (be  lesser  toward  the  anterior  wall  M  -  the  'sMt^ib'^ule  its  t*w 
surfaces  took  to  the  right  and  left  respectively.  Behind  the  stomach  t.he  jpi 
undergoes  great  elongation,  and  forms  a  V-shajred  loop  which  project?  dmuumtd 
ami  forward;  from  the  bend  or  -angle.nf  tire  loop  the  vitelline  duct  passes  te  lle 
unjbiliep*  (Fig.  1004).  For  a  time  a  coteklerable  part  of  the  loop  extends  bryord 


ills  withdrawn -within  the  cavity.  Wftfttht!  Icugtherihig  of  the  tube,  the  mes*xh*m- 
whicli  attaches  it  t(f  the  future  vertebral  cohiton  and  carries  the  blood  ves-cb  ■ 
tire  supply  of  the  gut,  is  thinned  anil  drawn  out  to  form  the  pcetericr  waacaos 
mesentery.  The  portion  of  this  mesentery  attached  to  the  greater  cumttjS  ri 
the  stomach  is  named  the  .dorsal  mesogastriam,  find  the  part  which  sussed*  die 
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colon  is  termed  the  mesocolon  (Fig.  1005).  About  the  sixth  week  a  diverticulum 
of  the  gut  appears  just  behind  the  opening  of  the  vitelline  duct,  and  indicates 
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Fia.  1002. — Sketches  in  profile  of  two  stages  in  the  development  of  the  human  digestive  tube.  (His.) 

A  X  30.  B  X  20. 


the  future  cecum  and  vermiform  process.  The  part  of  the  loop  on  the  distal  side 
of  the  cecal  diverticulum  increases  in  diameter  and  forms  the  future  ascending 
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and  transverse  portions  of  the  large  intestine.  Until  the  fifth  month  the  cecal 
diverticulum  has  a  uniform  caliber,  but  from  this  time  onward  its  distal  part 
remains  rudimentary  and  forms  the  vermiform  process,  while  its  proximal  part 
expands  to  form  the  cecum.  Changes  also  take  place  in  the  shape  and  position 
of  the  stomach.  Its  dorsal  part  or  greater  curvature,  to  which  the  dorsal  meso- 


gastrium  is  attached,  grows  much  more  rapidly  than  its  ventral  part  or  lesser 
curvature  to  which  the  ventral  mesogastrium  is  fixed.  Further,  the  greater  curva¬ 
ture  is  carried  downward  and  to  the  left,  so  that  the  right  surface  of  the  stomach  is 
now  directed  backward  and  the  left  surface  forward  (Fig.  1006),  a  change  in  position 


Septum  tran8ver8um 


Fia.  1004. — The  primitive  mesentery  of  a  six  weeks’  human  embryo,  half  schematic.  (Kollmann.) 


which  explains  why  the  left  vagus  nerve  is  found  on  the  front,  and  the  right  vagus 
on  the  back  of  the  stomach.  The  dorsal  mesogastrium  being  attached  to  the  greater 
curvature  must  necessarily  follow  its  movements,  and  hence  it  becomes  greatly 
elongated  and  drawn  lateralward  and  ventralward  from  the  vertebral  column, 
and,  as  in  the  case  of  the  stomach,  the  right  surfaces  of  both  the  dorsal  and  ventral 
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mesogastria  are  now  directed  backward,  and  the  left  forward.  In  this  way  a  pouch, 
the  bursa  omentaiis,  is  formed  behind  the  stomach,  and  this  increases  in  size  as 
the  digestive  tube  undergoes  further  development;  the  entrance  to  the  pouch 
constitutes  the  future  foramen  epiploicum  or  foramen  of  Winslow.  The  duodenum 
is  developed  from  that  part  of  the  tube  which  immediately  succeeds  the  stomach; 
it  undergoes  little  elongation,  being  more  or  less  fixed  in  position  by  the  liver  and 
pancreas,  which  arise  as  diverticula  from  it.  The  duodenum  is  at  first  suspended 
by  a  mesentery,  and  projects  forward  in  the  form  of  a  loop.  The  loop  and  its  mes¬ 
entery  are  subsequently  displaced  by  the  transverse  colon,  so  that  the  right  surface 
of  the  duodenal  mesentery  is  directed  backward,  and,  adhering  to  the  parietal 
peritoneum,  is  lost.  The  remainder  of  the  digestive  tube  becomes  greatly  elongated, 
and  as  a  consequence  the  tube  is  coiled  on  itself,  and  this  elongation  demands  a 
corresponding  increase  in  the  width  of  the  intestinal  attachment  of  the  mesentery, 
which  becomes  folded. 
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_ _ H  i  nd-gut 

•Abdominal  part  of  digestive  tube  and  its  attachment  to  tbe  primitive  or  common  mesentery.  Human 
embryo  of  six  weeks.  (After  Toldt.) 


At  this  stage  the  small  and  large  intestines  are  attached  to  the  vertebral  column 
by  a  common  mesentery,  the  coils  of  the  small  intestine  falling  to  the  right  of  the 
middle  line,  while  the  large  intestine  lies  on  the  left  side.* 

The  gut  is  now  rotated  upon  itself,  so  that  the  large  intestine  is  carried  over  in 
front  of  the  small  intestine,  and  the  cecum  is  placed  immediately  below  the  liver; 
about  the  sixth  month  the  cecum  descends  into  the  right  iliac  fossa,  and  the  large 
intestine  forms  an  arch  consisting  of  the  ascending,  transverse,  and  descending 
portions  of  the  colon — the  transverse  portion  crossing  in  front  of  the  duodenum 
and  lying  just  below  the  greater  curvature  of  the  stomach;  within  this  arch  the 
coils  of  the  small  intestine  are  disposed  (Fig.  1008).  Sometimes  the  downward 


1  Sometime?  tl»M  condition  persiMa  throughout  lilo.  and  if  i*  then  found  that  the  duodenum  does  not  cross  from  the 
Tight  to  the  leXt  ai.de  of  the  vertebral  column,  but  lie*  entirely  on  the  right  aide  of  the  median  plane,  where  it  i*  continued 
into  the  jejunum;  the  arteries  to  the  small  intestine  (<ta.  intistinaU*)  also  arise  from  the  right  instead  of  the  left  aide 
of  the  superior  mesenteric  artery. 
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progress  rtf  the  ceet I ro  is  arrested.  sit  that  in  the  adult  it  may  he  found  lying  r  mine- 
din  teiy  feeltw  the  liver  instead  of  in  the  right  diae  region. 

Further  place  in  the  bursa  omentalfe  and  ip  the  common  mesentery, 

and  giv  e  rise  to  the  jteritoneal  relations  aetm  iu  the  adidt.  The  bursa  omentalu, 
which  at  first  renehes  only  as  far  as-  the  greater  curvature  of  the  stomach,  grows 
downward  to  form  the  creator  omentum,  and  this  downward  extension  lies  in  front 
of  the  transverse  ix«h,m,an;tithe  mils  of  the  small  intestine  (Fig;  hddSly  Above,;  before 
tlie  pleutt^-perit  (meal  opening  is  dosed,  the  bursa  nmentaHaseniji*  u|f  ttdivCrfic'Ulukj 
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oft  either  side  of  the  esophagus;  the  left  diverticulum  swn  disappears,  but  the  right 
is  cptcitricted  off  and  persists  in  most  adults  m*  a  small  sac  lying  within  the  thorax 
on  the  right  side  oi  the  lower  end  of  the  esophagus.  The  anterior  layer  of  the 
transverse  mesocolon  is  a*  first  distinct  from  the  posterior  layer  of  the  greater 
omentum,  but  uhituauiy  thotwo  blend,  sod  hence  the  greater  omentum  appears  u* 
if  attached  to  the  tfunsverseudon  (Fig.  3  ()|{j).  The  mrseoteries  of  the  aseemling  and 
descending'  parts'  of  the  colon  disappear' do  th*  'majority  of  cases,  while  that  of  the 
small  intestine  assumes  the  oblique  attachment  characteristic  of  its  adult  condition. 

The:  lesser  omentum  is  formed,  as  indicated  above,  by  a  thimung  of  the  n»ei<- 
derm  or  ventral  nie30gastrium,  which  attaches  the  stomach  and  duodenum  to  the 
anterior  abduinhiftl '  icath  By  the  subsequent  growth  of  the  liver  this  leaf  of 
meaUileroi  is  divided  into  two  parts,  via.,  the  lesser  omentum  between  the  stotuaeb 
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and  liver,  and  the  falciform  and  coronary  ligaments  between  the  liver  -atilt-  the 
Hf>i luminal  wall  mul  diaphragm  (Fig.  l{K)fi‘). 

The  Iteetum  -and  Aa&l  Canal  —The  hind-gut;  is  at  first  prolonged  backward  into 
the  kdy-sfcaik 


iiifoc.  of  the  allantois;'  litti*.  with,  the  growth  and  flexure  of  the 
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flO.  l600  *-~SpJjtoTO»iiit  fifctjre  the  f>«in*a  onbrajUdW .t^fcja.  Hums* 

embryo  «7f  (KtrUmuanJ  -  • 


tail-end  of  the  ^hvbtyp,  tl)ej.HKjy-staikt  with  ita  ^ontainc-ti  allantoic  lobe,  is  earned 
forward  to  the  -ventral  aspect  oi  the  body,  and  conseqntfAlfly  a  twfitd  is  fortned  a!  tbfi 
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junction  of  the  hind-gut  and  allantois.  This  bend  becomes  .dilated  into  a  pnfudn 
which  euiistittiteS  the  entod^naal  cloaca;  info  it!y  dorsal  part  the  hind-gt®  ©per*, 
and  from  its  \Tntrahpflrt  the  athuitois  passes  forward.  At  a  later  stage  the  W.dtfou 
and  Mullerian  ducts  open  into  its  ventral  portion.  The  cloaca  is,  for  a  time,  shot 
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olt  ftotn  the  anterior  !>>  a  membrane,  the  cloaca!  membrane,  formed  by  the  appor¬ 
tion  of  the  ectoderm  ami  emudenii,  and  reaching,  at  first*.  «S  far  forward  as  tfo 
future  umbilicus.  Behind  the  umbilicus.,  however,  the  mesoderm  subsequently 
exfoutk  to  ftforn  the  lower  part  pf  the  abdominal  wall  and  symphvsw  pubis.  B* 
thfo&row-ih  of  the  surrounding  tissues  the  cloaca]  membrane  comes  to  lie  at  the 
bottom  of  a  depression,  which  is  lined  by  ectoderm  and  named  the  ectoderm*! 
cloaca  (Fig.  1011). 

The  entodermsii  cloaca  is  divided  into  a  dorsal  and  a  ventral  part  by  mean:  t 
partition,  the  urorectal  sajrtum  (Big.  KU2),  which  grows  downward  from  the  rich- 
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sepiimtittg  the  .'difintoic  from  the  cfoacai  opening  of  the  intestine  and  ultimate*, 
fuses  with  Hid  el(i!M,:a(  inomi.raui;  ayd  divides  it  info  an  anal  and  a  urogenital  p,*rt- 
The  dorsal  part  of  the  eloatn ..farms  the  rectum.,  and  the  anterior  part  of  the.ur^ 
genital -sinus  and  bladder:  For  n  time  a  eommunieUt ion  named  the  cloacal  dnet 
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exists  between  the  two  parts  of  the  cloaca  la-low  the  yrort-otai  septum;  this  duct 
pceasionhlly  persists  as  a  passage  between  the  recitim  and  urethra.  The  anal 
canal  is  formed  by  an  *uvagiitAt5on  pf  the  ectoderm  behind  the  nt-urmal  septum. 
This  invagination  is  termed  the  {troctedeuro,  and  it  meets  w  ith  the  entodemi  of  the 
hind-gut  and  forms  with  it  the  aeal  membrane.  By  the  absorpt  ion  of  this  membrane , 
the  anal  canal  becomes  continuous  with  the  rectum  (Fig.  1013).  A  small  part  of  the  ; 
hind-gut  projects  backward  beyond  the  anal  membrane;  tt  is  named  the  post-seal 
got  (Fig.  lOli),  and  usually  becomes-  obliterated  and  disappears.1 
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•Tail  end  of  human  embryo*  from  «ight  kih!  .* -half  ‘  to  .aino  veeiw  oUl.  (From  model  by  Koittol.* 


THE  MOUTH  (CATOM  ORIS;  ORAL  OR  BUCCAL  CATOY} 


The  cavity  of  the  month  is  placed  at  the  cmauicnccmt’ot  of  the  digestive  tube 
(Fig.  1014  •:  it  is  u  nearly  oval-shaped  cavity  which  consists  of  tfct»  parts::  an 
outer,  smaller  port  inn,  the  veatihule.  and  art  inner,  'latter  'jkrt./tfoir  month  cavity 
proper. 

The  Vestibule  (vestibul  um  ora)  is  a  slit-like  space.  bounded  externally  by  the 
lips  and  cheeks,,  mternidly  by  the  gmus  and  teeth.  It:  comm liiiheatcs  with  the 
surface  of  tfsc  liody  by  the  riasa  or  orifice  of  the  mouth.  Above,  and  below.,  if  is 
ihoited  of  thi?  niuemis  membrane  from  the  lips  and  dhveicsto 

tin-  gum  covering  the  ypjH-r  and  lower  alveolar  arch  respectively.  It  ftWYts  the 
secretion  frofq  th£ ^  parotid  Mli  vary  glands,  apd  communicates,  whop  the  jaws  are 
closed,  with  the  mouth  cavity  proper  by  an  aperture  on  either  sidy  behind  the 
wisdom  teeth,  and  by' narrow'  clefts  Wtween .opposing  teeth.  i;. 


opposing; 

The  Mouth  Cavity  Proper  <!m)propm>rij  (1%.  1  f(S4)  is  bispmled;  laterally 

and  in  front  by  the  al  veolar  arches  with  their  cputained  teeth;  behind, it  cooimpni- 
cates  with  the  pharynx  by  a  constnctisi  aperture  tertperf  the  isthmus  faucium. 
It  is  roofed  in  by  the  hard  and  soft  palates,  while  the  greater  part  of  the  floor  is 
former!  by  the  tongue,  the  remainder  by  the  reflection  of  the  mucotts  membrane 
from  the  sides  and  undersurface,  of  the  tongue  to  the  gum  lining  the  inner  aspect 
of  the  mandible.  It  receives  the  semtiim  from  the  siibmaxiliary  and  sublingual 
salivary  glands. 

Stroctare.—  riic  stnicmi?  ntiwnbrane  iioiwg.  (hr  nioiitb  b  wntirtucus.  wttli  .the  ihteganWnt  at 
the  free  niantfei  (lie  iipS.  »nkl  with  ffe,  muorjut burnt  of  Uw  pharynx  Iwthindj  it  is  of  n  rOsc- 
pinlt  ;ti,«gp  duringdife,  and  very  thick  vrhero  it.  overlies  the  hard  part*  liauttdihg  the  cavity  It- 
is  i  ov;i«i  bg  ef  nitifioj  sijuanious  cpitbclidtii 


% in  thi*  noonwrljtftt.  tl»e  foUrwias  tjiriifk*:  "  \  Ocmtrilmtiim  Ujp  MorfiWlc^v 
aifclijd  f’r wit,"  by  lb  'Beifiy  Kart.  Nf.D:,  Journal  ojf  Aiiiiuuuv .wsvl:  T*lrjfAipl:*vg.v , 
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The  Lips  (labia  oris),  the  two  fleshy  folds  which  surround  the  rima  or  orifice  of 
the  mouth,  are  formed  externally  of  integument  and  internally  of  mucous  mem¬ 
brane,  between  which  are  found  the  Orbicularis  oris  muscle,  the  labial  vessels, 
some  nerves,  areolar  tissue,  and  fat,  and  numerous  small  labial  glands.  The  inner 
surface  of  each  lip  is  connected  in  the  middle  line  to  the  corresponding  gum  by  a 
fold  of  mucous  membrane,  the  frenulum — the  upper  being  the  larger. 
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Fro.  1014. — Sagittal  section  o t  nose  mouth,  pharynx,  and  larynx. 


The  Labial  Glands  (glandub  labiates)  are  situated  between  the  mucous  membrane 
and  the  Orbicularis  oris,  around  the  orifice  of  the  mouth.  They  are  circular  in  form, 
and  about  the  size  of  small  peas;  their  ducts  open  by  minute  orifices  upon  the 
mucous  membrane.  In  structure  they  resemble  the  salivary  glands. 
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The  Cheeks  ( buccce )  form  the  sides  of  the  face,  and  are  continuous  in  front  with 
the  lips.  They  are  composed  externally  of  integument;  internally  of  mucous 
membrane;  and  between  the  two  of  a  muscular  stratum,  besides  a  large  quantity 
of  fat,  areolar  tissue,  vessels,  nerves,  and  buccal  glands. 

Structure. — The  mucous  membrane  lining  the  cheek  is  reflected  above  and  below  upon  the 
gums,  and  is  continuous  behind  with  the  lining  membrane  of  the  soft  palate.  Opposite  the 
second  molar  tooth  of  the  maxilla  is  a  papilla,  on  the  summit  of  which  is  the  aperture  of  the 
parotid  duct.  The  principal  muscle  of  the  cheek  is  the  Buccinator;  but  other  muscles  enter  into 
its  formation,  viz.,  the  Zvgomaticus,  Risorius,  and  Platysma. 

The  buccal  glands  are  placed  between  the  mucous  membrane  and  Buccinator  muscle:  they 
are  similar  in  structure  to  the  labial  glands,  but  smaller.  About  five,  of  a  larger  size  than  the 
rest,  are  placed  between  the  Masse  ter  and  Buccinator  muscles  around  the  distal  extremity  of 
the  parotid  duct;  their  ducts  open  in  the  mouth  opposite  the  last  molar  tooth.  They  are  called 
molar  glands. 

The  Gums  (gingivae)  are  composed  of  dense  fibrous  tissue,  closely  connected  to 
the  periosteum  of  the  alveolar  processes,  and  surrounding  the  necks  of  the  teeth. 
They  are  covered  by  smooth  and  vascular  mucous  membrane,  which  is  remark¬ 
able  for  its  limited  sensibility.  Around  the  necks  of  the  teeth  this  membrane 
presents  numerous  fine  papillae,  and  is  reflected  into  the  alveoli,  where  it  is  con¬ 
tinuous  with  the  periosteal  membrane  lining  these  cavities. 

The  Palate  ( palatum )  forms  the  roof  of  the  mouth;  it  consists  of  two  portions, 
the  hard  palate  in  front,  the  soft  palate  behind. 

The  Hard  Palate  ('palatum  durum)  (Fig.  1034)  is  bounded  in  front  and  at  the  sides 
by  the  alveolar  arches  and  gums;  behind,  it  is  continuous  with  the  soft  palate. 
It  is  covered  by  a  dense  structure,  formed  by  the  periosteum  and  mucous  mem¬ 
brane  of  the  mouth,  which  are  intimately  adherent.  Along  the  middle  line  is  a 
linear  raph6,  which  ends  anteriorly  in  a  small  papilla  corresponding  with  the 
incisive  canal.  On  either  side  and  in  front  of  the  raph6  the  mucous  membrane 
is  thick,  pale  in  color,  and  corrugated;  behind,  it  is  thin,  smooth,  and  of  a  deeper 
color;  it  is  covered  with  stratified  squamous  epithelium,  and  furnished  with 
numerous  palatal  glands,  which  lie  between  the  mucous  membrane  and  the  surface 
of  the  bone. 

The  Soft  Palate  (palatum  molle)  (Fig.  1034)  is  a  movable  fold,  suspended  from  the 
posterior  border  of  the  hard  palate,  and  forming  an  incomplete  septum  between 
the  mouth  and  pharynx.  It  consists  of  a  fold  of  mucous  membrane  enclosing 
muscular  fibers,  an  aponeurosis,  vessels,  nerves,  adenoid  tissue,  and  mucous  glands. 
When  occupying  its  usual  position,  i.  e.,  relaxed  and  pendent,  its  anterior  surface 
is  concave,  continuous  with  the  roof  of  the  mouth,  and  marked  by  a  median  raph6. 
Its  posterior  surface  is  convex,  and  continuous  with  the  mucous  membrane  covering 
the  floor  of  the  nasal  cavities.  Its  upper  border  is  attached  to  the  posterior  margin 
of  the  hard  palate,  and  its  sides  are  blended  with  the  pharynx.  Its  lower  border 
is  free.  Its  lower  portion,  which  hangs  like  a  curtain  between  the  mouth  and 
pharynx  is  termed  the  palatine  velum. 

Hanging  from  the  middle  of  its  lower  border  is  a  small,  conical,  pendulous 
process,  the  palatine  uvula;  and  arching  lateralward  and  downward  from  the  base 
of  the  uvula  on  either  side  are  two  curved  folds  of  mucous  membrane,  containing 
muscular  fibers,  called  the  arches  or  pillars  of  the  fauces. 

The  Teeth  (dentes)  (Figs.  1015  to  1017). —Man  is  provided  with  two  sets  of  teeth, 
which  make  their  appearance  at  different  periods  of  life.  Those  of  the  first  set 
appear  in  childhood,  and  are  called  the  deciduous  or  milk  teeth.  Those  of  the  second 
set,  which  also  appear  at  an  early  period,  may  continue  until  old  age,  and  are 
named  permanent. 

The  deciduous  teeth  are  twenty  in  number:  four  incisors,  two  canines,  and  four 
molars,  in  each  jaw. 
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Tht  permanent  teeth  tire  tliiftjniwp  in:  number: four  incisors,  twi>  canine^  itmr 
preimiiars,  ami  si>:  molars,  in  eadb  jnw. 


' 


Ficj.  X01$. — of  th£  teeth  and  jaw^s. 


iricimr* 
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hid  Ml? ifa&tb  of  rU&t  M  * 
i«wS*v  vj»tmuil ftwa 


The  dental  formulae  may  be  represented  as  follows 

D'.ruhnvx  teeth; 


General  Characteristics.  —  iiaeK  consists  of  three  portion  ;  the  crown, 

projecting  above  the  gum;  the  root,  iml.edded  in  the  alveolus;  and.  Gw  neck,  the 
constricted  portion  between  the  crmyn  and  root. 


Fto.  1018  —Ma.yilUfl  ad  «bom  year  <Noye*4 


The  roots  of  the  teeth  are  firmly  implanted  in  depressions  within  the  alveoli; 
these  tlopfessions  are  linerl  With  periosteum  whieh  invests  the  tfa'ith  as  far  as  the 
neck.  At  the  margins  of  the  alveoli,  the  periosteum  is  continuous  with  the  fibrous 
structure  of  the  gums. 

In  consequence  of  the  curve  of  the  dental  arch,  terms  such  as  anterior  and 
posterior,  as  applied  to  the  teeth,  are  misleading  and  confusing.  Special  terms 
are  therefore  used  to  indicate  the  different  surfaces  of  a  tooth  :  the  surface  directed 
toward  the  lips  or  chirk  is  known  as  the  labial  or  buccal  surface;  that  directed 
toward  the  tongue,  k  described.  »a  the  lingual  surface ;  those  surfaces  which  touch 
neighboring  teeth  are  tyfnrsed  surfaces  of  contact.  In  the  ease  of  the  incisor  and 
canine  teeth  the  surfaces  of  contact  are  medial  and  lateral;  in  die  premolar  and 
molar  tf&jh, they  jja&'-.sii}f£f  urri  itnd  posterior*  . 

The  superior  dental  arch  is  larger  than  the  inferior.  0  that  In  the  normal  dBpdi- 
tiou  the  teeth  in  the  uiaxill*  slightly  overlap  those  of  die  mandible  both  iu  front 
and  ot  the  aides.  Since  the  upper  central  ingisnPS  are  voider  than  the  lower,  five 
other  teeth  in  the  upper  areh  are  thrown  sennewhat  distaljy,  and  the  two  sets  do 
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not  quite  .  correspond  to  mrh  other  when  thft  mouth  i  s.  dosed:  thus  the  upper 
amine  tooth  rests  partly  on  the  lower  canine  snd  partly  on  the  first  premokr, 
arid  the  -cusps  of  the  upper  molar  teeth  He  Miind  the  ijasfrespqndmg-ctisjte  «f  tfce 
\pwet  mqkr  teeth,  /The.^jriB  ^ries,  however,  end  at  nearly  the  satnq  point  behind-, 


teeth.  (Noyttad 


3.  2,OiIO  — The  complex  l«n»^fary  dentition  nrvi  tbf  tim  -permanent  molar,  (be  rciatitjrn  at  tfc*  /*! 

lh»  tertp£rury  .molar*-  (In  the*  ecvcnih  year,)  {Srfiycjb  ) 

The  Permanent  Teeth  {dmtrs  permanente#)  (Figs.  1022,  i02-i(i.~The  locison 
ewti;  inciti v e  or  cutting  teeth)  «re  >o  named  from  their  presenting  a  sharp  rut! ing 
ige,  adapted  for  biting  the  food..  Tire’/  are  eight  in  number,  a»cl  form  the  four 

I'lVx'f-  4v.,-dl»i  »’Vi  tjc  niii  /IrsVit  o T*nV; 


The  crown  is  directed  vertically  r  and  is  chisd-shajied,  being  bevelled  at the  expense 
of  its  1  initial  surf, y>;c,  so  as  to-  present  a  sharp  bmzontsl  cutting  edge,  which, 
before  being  subjected  to  attrition,  presents  tbrev  sftiafl  prowiimmt  points  separated 
by ;  two  slight  notches;.  It  is.  convex,  smooth,;  jp-d  Highly  polished  on  its  labial 
surface;  odhtwye.  on  its  lingual  arch,  it  is 

frequently  marked  by  an  btverted  V-shaped  eminence,  sitiiafel  neat  the  gum. 
This  is  know  n  as  the  ba&al  ridge  or  cingulum.  The  neck  is  constricted,  The  root 
is  long,  single,  conical,  transyerscly  flattened,  thicker  in  front  tb&utwhuvj,  and 
slightly  groox'ed  on  eithec  sith:' in  thp  longitudinal  direction. 


-fVoat,  viw  nf  ttic  fikifll  shpwi  in  Fiict  iOV.0; . . ySr««tW f.hit  Wwjr.Wfcrtf, inoiwrKAntl  viuipute  it?  wti 
6li»tT  t»nU  Mu*  o»  tt*rAr:tiitiC.tvf;$  J»—tb  <  Nuy *-*.}. 


The  upper  incisors  are  larger  and  stronger  than  the  lower,  and  are  directed 
obliquely  downward'  and  forward.  The  central  ones  are  larger  than  the  lateral, 
apt!,' their  routs  are  wire  rumufcd. 

The  lower  incisors  are  sioaller  than  the  Upper:  the  centred  ones  are  smaller  than 
the  lateral,  and  are  the  smallest  of  all  tin-  incisure.  They  are  placed  vertically 
»pd  are  somewhat  btytdled  In  front,  where  they  jittve  been  worn  down  by  contact 
with  the  overlapping  edge  of  the  upper  teeth.  The  cingulum  is  absent. 

The  Canine  Teeth  {dtnfcn  mititifi  are  four  in  jitunbor,  two  in  tin,  upper,. and 'two 
in  the  lower  arch,  one  being  placed  laterally  to  each  lateral  incisor  .  They  are  larger 
and  stronger  than  the  incisors,  and  their  roots  sink  deeply  ibto  the  bones.  and 
cause  well-marked  proihiiienees  Upon  the, surface.. 


\  i  jS rLA\rii\oi.i»,Y 

The  crown  is  large  find  ■’onionl,  very  convex  on  its  labial  surface,  ft  little.  hollowed 
arid  tlnto'eu  im  its  Ungual  surface,  Aadlapefniig  %o  a  or  etiap,  wftk& 

projects  kyt>n<i  the  lend  of  the  other  rto*!,  The  foot  is  single,  but  longer  and 
thicker  than  that  of  the  iuejsore,  conical  in  form,  compressed  laterally,  and  marked 
by  a  slight  groove  on  eMh  side. 


Fki.  ;Wfe.iif.;^~fy.rnmftcxik  te*iW-  ttitfUt'dWfs.  <  I5tffic#>wrl) 
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The  Premolars  or  Bicuspid  teeth  (denies  prcemolares)  are  eight  in  number,  four 
in  each  arch.  They  are  situated  lateral  to  and  behind  the  canine  teeth,  and  are 
smaller  and  shorter  than  they. 

The  crown  is  compressed  antero-posteriorly,  and  surmounted  by  two  pyramidal 
eminences  or  cusps,  a  labial  and  a  lingual,  separated  by  a  groove;  hence  their  name 
bicuspid.  Of  the  two  cusps  the  labial  is  the  larger  and  more  prominent.  The 
neck  is  oval.  The  root  is  generally  single,  compressed,  and  presents  in  front  and 
behind  a  deep  groove,  which  indicates  a  tendency  in  the  root  to  become  double. 
The  apex  is  generally  bifid. 

The  upper  premolars  are  larger,  and  present  a  greater  tendency  to  the  division 
of  their  roots  than  the  lower;  this  is  especially  the  case  in  the  first  upper  pre- 
molar. 

The  Molar  Teeth  (dentes  molares )  are  the  largest  of  the  permanent  set,  and  their 
broad  crowns  are  adapted  for  grinding  and  pounding  the  food.  They  are  twelve 
in  number;  six  in  each  arch,  three  being  placed  posterior  to  each  of  the  second 
premolars. 

The  crown  of  each  is  nearly  cubical  in  form,  convex  on  its  buccal  and  lingual 
surfaces,  flattened  on  its  surfaces  of  contact;  it  is  surmounted  by  four  or  five  tuber¬ 
cles,  or  cusps,  separated  from  each  other  by  a  crucial  depression;  hence  the  molars 
are  sometimes  termed  multicuspids.  The  neck  is  distinct,  large,  and  rounded. 

Upper  Molars. — As  a  rule  the  first  is  the  largest,  and  the  third  the  smallest  of 
the  upper  molars.  The  crown  of  the  first  has  usually  four  tubercles;  that  of  the 
second,  three  or  four;  that  of  the  third,  three.  Each  upper  molar  has  three  roots, 
and  of  these  two  are  buccal  and  nearly  parallel  to  one  another;  the  third  is  lingual 
and  diverges  from  the  others  as  it  runs  upward.  The  roots  pf  the  third  molar 
(dens  serotinus  or  wisdom-tooth)  are  more  or  less  fused  together. 

Lower  Molars. — The  lower  molars  are  larger  than  the  upper.  On  the  crown 
of  the  first  there  are  usually  five  tubercles;  on  those  of  the  second  and  third,  four 
or  five.  Each  lower  molar  has  two  roots,  an 
anterior,  nearly  vertical,  and  a  posterior, 
directed  obliquely  backward;  both  roots  are 
grooved  longitudinally,  indicating  a  tendency 
to  division.  The  two  roots  of  the  third  molar 
(dens  serotinus  or  wisdom  tooth)  are  more  or 
less  united. 

The  Deciduous  Teeth  (dentes  decidui;  tem¬ 
porary  or  milk  teeth)  (Fig.  1024). — The  decid¬ 
uous  are  smaller  than,  but,  generally  speak¬ 
ing,  resemble  in  form,  the  teeth  which  bear 
the  same  names  in  the  permanent  set.  The 
hinder  of  the  tw’o  molars  is  the  largest  of  all 
the  deciduous  teeth,  and  is  succeeded  by  the 
second  premolar.  The  first  upper  molar  has  only  three  cusps — two  labial,  one 
lingual ;  the  second  upper  molar  has  four  cusps.  The  first  lower  molar  has  four 
cusps;  the  second  lower  molar  has  five.  The  roots  of  the  deciduous  molars  are 
smaller  and  more  divergent  than  those  of  the  permanent  molars,  but  in  other 
respects  bear  a  strong  resemblance  to  them. 

Structure  of  the  Teeth. — On  making  a  vertical  section  of  a  tooth  (Fig.  1025),  a  cavity  will  be 
found  in  the  interior  of  the  crown  and  the  center  of  each  root;  it  opens  by  a  minute  orifice  at 
the  extremity  of  the  latter.  This  is  called  the  pulp  cavity,  and  contains  the  dental  pulp,  a  loose 
connective  tissue  richly  supplied  with  vessels  and  nerves,  which  enter  the  cavity  through  the 
small  aperture  at  the  point  of  each  root.  Some  of  the  cells  of  the  pulp  are  arranged  as  a  layer 
on  the  wall  of  the  pulp  cavity;  they  are  named  the  odontoblasts  of  Waldeyer,  and  during  the 
development  of  the  tooth,  are  columnar  in  shape,  but  later  on,  after  the  dentin  is  fully  formed, 
they  become  flattened  and  resemble  osteoblasts.  Each  has  two  fine  processes,  the  outer  one 


Fio.  1024. — Deciduous  teeth.  Left  side. 
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passing  |ritd  t&l  iraumUcuhxg,  th^ltoer  being  .tHan.tmytoifii  veith  the.ptoaemSA^i  ihe#w*<xm?. 

ifee  pulp  matrix.  <  *  *  \  *  >  .  ■  .  '• 

The  solid  portion  of  the  tooth  C0p8t*te.bf  (J)  the  ivory  or  <h>nfc?i.  which  forais  f.be  bulk  rt>:V 
tooth-;' $J.  ilte.  swob«1#  which  oov^lj-,**  h^os^ypart  of  the  Vrwnvand  f'i>  &  i\mfoy*r$lh^: 
.iblicF:  .cm- 

.  4$n6».  {mifatafliia  eburnea;  tmr$)  (Figy  K)S7)  forms  the  principal  *nae»:  of  u  too* h;.  !frfo 

a  tho^lfe^ion  of  osseous  tissue,  from  wifich  it  d^Ters,  howler,  fit  structure  On  iniottwpic 
exftmioatiotr  if,  kv  seen  *>C  mihtWe  apd  branching  tnbi*.  llie 

canalicuip  iutbediiiKi  in  &  dcitse  homogeneous  substance*  the  matrix. 


Fife;  Ifr^Tr-  Vertical  , Motion  p(  4  rnpiar  t&qta, 


or  -ciMith  pot  faun,-  with  bow  corpuscles.  «.  Dental  Ffo.;  «***• 

peri  a*T«  urn,  3.  Mandible  v$t~$ri\fc4.  ? 

The  dented  eanaliculi  (dmiinnl  tubules)  (Fig.  J02S)  are  placed  pam Uni  mib .  one  •  a»otfear,  *nd 
open  Uf.  thou  inner  ends  inf  o  the  pulp  cavity.  In  their  co’uwo  to  tho  periphery  they  present.*** 
or  thtrise  citrvtts,  'and  are  twisted  <m  themselves  in  a  spiral  direct  ion.  Those;  caiyalicuti  v&r?  * 
dirhelrmv,;  thu<<  ;ih  a  tooth  of  the  mandible  they  are  vertical  in  th^;Uppcr' txlrtion  -of  the.  ravva 
becoming  ohlnpie  ami  then  horizontal  in  the  nock  and  upper  part*  of  the  root  vrtnk*  |fc&w#  ihk 
lower  part,  of  tint  root;  thvy  arc  inclined  downward,  To  tht-ir.  covi'i^  they  divide  &>r  -nttrtj  •  .= 
dich<>b't)i>jd-iv.  and,  especially  sr>  the  root,  give  off  minute  branches  which,  totrcuVr  c- 
loops  in.  the  matrix,  or  end  blindly.  Near  the  .periphery  of  the  dentin,  the  finer 
of  t  he  cared  fe-ul.r  rerminhte  ixtipercep?  iblv  by  free  ends.  The  dental  mnehcub  have  defiknfr«.idk 
r/ittstsifiog  of  mi  eh^tJc' Jioiiic^neo.Us  -uiembrane,.  'the  dentinal  sheath  o!  Neuiri&ax),  which  «*«<*» 
tie:  o\  acids;  they  contain  slender  cylindrical  prolongations  of  tit*  odontohtesU  sjpf 

desmbed  iyv  Tomt-s/arid  named  Tomes'  fibers  or  dentinal  fibers. 
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The  matrix  (ini&tubutar  dtnlvti  w  translucent,  and  contains  the  chief  part  of  tte  earthy 
matter  Of  the  dentin.  In  it  are  a  number  of  fine  fibrils,  which  are  continuous  cvitb  the  fibrils 

of  the  dental  imlp. .  fhg:.  'giairfhyv  matter  Jbas 

been  removed  by  aVlcFCprSn  weak  addr 

the  animal  bnak  remaining  may  be  tom  info 
which  run  parallel  with  the  across  the 

direction  of  the  tubes .  A  section  of  dry  denticr  oiftm 
displays  a  series  of  somewhat  p&mlld,  tees— the 
incremental  }fcm  Of  Balter,  These  lines  are  com¬ 
posed  of  imperfectly  calcified  dentm  arranged  ip 
layers.  In  corj«e<]UCOCe  of  the  imperfection  m  the 
calcifying  proved ,  little  irregular  cavities  are  fef t, 
termed  interlobular  spaces  (Fig,  Normally 

a  series  of  t£m&  m  found  toward  the  onto 

surface  of  this?  feitln,  where  they  form  AMy>?r  which 
is  sometimes  known  ag  Uy*?.  "they 

hare  received  t mune  from  the  /act  that  they 
are  surrounded  h*y  liunute:  nodofee  or globules, ot 
Jem  in.  Other  curmj  W*  may  be  seen  parallel  to 
the  surface.  These  are  fcW  J &&$  $£  Bchreger,  and 
are  due  to  the  optical  effect  of  sirmifianomu?  curva¬ 
ture  of  the  dentinal  fibers. 

Chemical  Composition. 


Interlobular 
-■  nacea 


£&*im 


According  tiri  ;Beri«sIius. 
and’  von  Bibra,  dentin  ^on£aata*Of  2$  parts  df  animal 

ir.  The  animat  matter 


and  72:  parte  of  earthy  matt; 
i?  converte»1  by  boiling:  in hn  gelatin r  The  earthy 
matter  remsista  of  phosphate  of  lime,  carbonize  bf 
lime,  a  tram  of  fiuoride  of  calcium,  phosphate  of 
magupSium*  and  otter  salts* 

The  enamsl  {mh$fafiiio  mbimanHrm)  Is  thv  hardest 
and  mcnt>  compact  part  of  the  toafch,  smd  for-cri^  a. 
thrqi  erust  ovcr  the  exposal  pari  of  i fie  crown,  as  far 
as-  the  commencement  Vtf  the  too  tv  It  is  thickest  an 
the  griniH^ailitifttcel until  worn  away 
by  attrition,  ted  become*  thinner  to  ward  (Tie  neck. 

It  eons u?ts  of  minute  hexagonal  rods  or  columns 
termed  enamel  fibers  or  enamel  prisms  (prixmaia  orfatha  ntimj .  They  lie  parade]  with  one 
another,  noting  by  one  extremity  upon  the  denf. in.  which  prasbft&i  a  Dumber  of  minute  depres¬ 
sion.?  for  their  reception;  and  forming  the  free  Airfare  of  the  en>wn  by  the  other  ^  extremity. 
The  columns arc  directed-  vertically  on  tho  ^ihumt  of  the  crown,  horiaoutaily  tU  the  sides;  they 
or*  about  lu  in  diarneter,  and  pursue  iMuotivor  less  wavy  coarse.  Each  cotuina  is  a  six-sided 
prisOi  and  presents  numerous  dark  traneveree .  ^hiidmgj?;  fh&se  ^havliogs  ury  prt*baldy  4ue  to  the 
maimer  in  which  t Ik/  vrdltiri im .xflb . ..developed  m  ..pto&wtnp  •steUoW:' «oti8toc- 

tions.  us  will  be  *uhserfuett|v  explained.  Another  m'W  of  tees.  having  &  brown  appearance, 
the  parallel  gtriae  or  colored  tmx  of  &eteimst  ik  s^  ori-'i^Wort..  According  to  Ebner/they  -«re 
produced  by  air  in  the  jmYTpri&marie  others  believe  that  they  jire  the  result  of  true 

pigmeiunnom 

Numerous  minute  hi terstiee^  inierveue  between  the  timr-ie)  fibers  near  their  dfrHfiktiemis, 
a  provision  calculated  to  allow  of  the  perrocatiiio  of  Binds  from  the  denial  <;anule:uU  jtitfibihe 
wn  instance  of  the  enamel 

fiiwii  fifaippmUan 


Fig.  M'Ctir/t,  <yf  &  portiott  ttf  the 

,  irofit  of  **  riwuno  ioutU*  X  *480. 


According  to  von  vunpij^H  of  pet  C$*H<  ot 

:<* and  3.5  per  cent,  of  uniniql  The^ ^  earthy  inat ter  -al‘ '  p'hodpteie  •  of  jjuhe, 

with  trse^'  of  tluoride  of  crdcium.  carbonate  of  lime,  ptopfmtv  oi  trmgrje.siuni,  and  other  siitis.- 
Aex?orriing  to  TAvmw?,  -tire  vrmmei  eontam^  the  nmrest  of  brgame  matter 

The  cm3 ti  p across  or  cement  (jtubaianHa  fhs$f:a)  h  disposed  as  a  thin  layer  on  the  rbaltyitir  the 
teeth,  from  the  termination  of  the  enamel  to  the  apex  of  each  root;  where  ft  f^tusnaryyre^tluck. 
Ip.  struct irre!  and  chemical  composition'  it  xx^mbks 'bone..  It,  eontams,  sparingly,  thb  laetmflE 
and  eanaliftuli  whu*h  'characterize  '.true  bone;  the  lacuna*  placed  near  the  surface  a  rrive  the 
c?£(iHlioiiii  radiating  from  the  side  of  the  lacuna*  loiyfirrl  the  p^IpcicirTi tic!  r  Alrc?#^ 

avQTft  deeply  placed  join  with  the  adjacetit  dental  cau5alkmii.  Ip  tlte^ .'i hickur  portions  of  the 
crush*  petrol  the  lamella*  and  Haversian  canals  peculiar  to  boric  ate  n bo  foUutiL 

A#  age  &d vances,  the  cement  increase  m  thickness,  and  pv?&  rise  to  those  bopy  growl  ha  oe 
temafyms  yi  wrnntvw  jn  the1  teeth  of  fhe  aged;  the  pulp  cavity  also  becomes  part: (ally  'filled  '-up  by 
a  hard  gubs tAtKe,  ih termed urfe in  structure  bet wr-eu  dentin  and  hope  (ozUoilenttn.  Ow^nv  tfitiwijtf? 
<irp  ifcn)iny  T#mesk  It  appears  to  be  foroied  by  a  slow  cuuvcmioo  of  the  demaJ  pulp,  which 
^bnnks,  or  eveu  disappears,  *  y; 
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Development  of  the  Teeth  (Figs.  1020  to  1032).— In  describing  the  development  of  the  tab, 
the  mode  of  formation  of  the  deciduous  teeth  must  first  be  considered,  and  then  that  of  ihe 
permanent  series. 
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ho,  1029. — Sagittal  section  through  the  iirst  lower  deciduous  molar  of  a  human  embryo  30  mm.  long  fW 
X  1C»0.  L.E.L.  Labiodental  lamina,  here  separated  from  the  dental  lamina.  Z  L.  Placed  o\rer  the  *h  ail  o*  fatiM 
furrow,  points  to  the  dental  lamina,  which  is  spread  out  below  to  form  the  enamel  germ  of  the  future  tooth  ?  ? 
Bicuspioato  papilla,  capped  by  the  enamel  germ.  Z.S.  Coudenaed  tissue  forming  dental  sac,  ME.  Mouth  cprtfeeiiuffl 
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Fia.  1030 — Similar  section  through  the  canine  tooth  of  an  embryo  40  mm.  long. 


dental  furrow.  The  other  lettering 


Df'fdol  furrow 


organ 


ihnial  papilla 


Stconda  qi  t  ho  m  l  farm 
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Flo  1031; — Verf  n-ni  action  of  the  mandible  of  an  early  human  fetus  X  25. 
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Development  of  the  Deciduous  Teeth.— The  development  of  the  deciduous  teeth  begins 
about  the  sixth  week  of  fetal  life  as  a  thickening  of  the  epithelium  along  the  line  of  the  future 
jaw,  the  thickening  being  due  to  a  rapid  multiplication  of  the  more  deeply  situated  epithelial 
cells.  As  the  cells  multiply  they  extend  into  the  subjacent  mesoderm,  and  thus  form  a  ridge 
or  strand  of  cells  imbedded  in  mesoderm.  About  the  seventh  week  a  longitudinal  splitting  or 
cleavage  of  this  strand  of  cells  takes  place,  and  it  becomes  divided  into  two  strands;  the  separa¬ 
tion  begins  in  front  and  extends  laterally,  the  process  occupying  four  or  five  weeks.  Of  the  two 
strands  thus  formed,  the  labial  forms  the  labiodental  lamina;  while  the  other,  the  lingual, 
is  the  ridge  of  cells  in  connection  with  which  the  teeth,  both  deciduous  and  permanent,  are 
developed.  Hence  it  is  known  as  the  dental  lamina  or  common  dental  germ.  It  forms  a  fiat 
band  of  cells,  which  grows  into  the  substance  of  the  embryonic  jaw,  at  first  horizontally 
inward,  and  then,  as  the  teeth  develop,  vertically,  i.  e.,  upward  in  the  upper  jaw,  and 
downward  in  the  lower  jaw.  While  still  maintaining  a  horizontal  direction  it  has  two  edges 
—an  attached  edge ,  continuous  with  the  epithelium  lining  the  mouth,  and  a  free  edgef  projecting 
inward,  and  imbedded  in  the  mesodermal  tissue  of  the  embryonic  jaw.  Along  its  line  of 
attachment  to  the  buccal  epithelium  is  a  shallow  groove,  the  dental  furrow. 

About  the  ninth  week  the  dental  lamina  begins 
to  develop  enlargements  along  its  free  border. 

These  are  ten  in  number  in  each  jaw,  and  each 
corresponds  to  a  future  deciduous  tooth.  They 
consist  of  masses  of  epithelial  cells;  and  the  cells 
of  the  deeper  part — that  is,  the  part  farthest  from 
the  margin  of  the  jaw — increase  rapidly  and  spread 
out  in  all  directions.  Each  mass  thus  comes  to 
assume  a  club  shape,  connected  with  the  general 
epithelial  lining  of  the  mouth  by  a  narrow  neck, 
embraced  by  mesoderm.  They  are  now  known  as 
special  dental  germs.  After  a  time  the  lower  ex¬ 
panded  portion  inclines  outward,  so  as  to  form  an 
angle  with  the  superficial  constricted  portion,  which 
is  sometimes  known  as  the  neck  of  the  special 
dental  germ.  About  the  tenth  week  the  meso¬ 
dermal  tissue  beneath  these  special  dental  germs 
becomes  differentiated  into  papillse;  these  grow 
upward,  and  come  in  contact  with  the  epithelial 
cells  of  the  special  dental  germs,  which  become 
folded  over  them  like  a  hood  or  cap.  There  is, 
then,  at  this  stage  a  papilla  (or  papilla*)  which 
has  already  begun  to  assume  somewhat  the  shape 
of  the  crown  of  the  future  tooth,  and  from  which 
the  dentin  and  pulp  of  the  tooth  are  formed,  sur¬ 
mounted  by  a  dome  or  cap  of  epithelial  cells  from 
which  the  enamel  is  derived. 

In  the  meantime,  while  these  changes  have  been 
going  on,  the  dental  lamina  has  been  extending 
backward  behind  the  special  dental  germ  corre¬ 
sponding  to  the  second  deciduous  molar  tooth, 
and  at  about  the  seventeenth  week  it  presents  an 
enlargement,  the  special  dental  germ,  for  the  first 
permanent  molar,  soon  followed  by  the  formation 

of  a  papilla  in  the  mesodermal  tissue  for  the  same  tooth.  This  is  followed,  about  the  sixth 
month  after  birth,  by  a  further  extension  backward  of  the  dental  lamina,  with  the  formation 
of  another  enlargement  and  its  corresponding  papilla  for  the  second  molar.  And  finally  the  pro¬ 
cess  is  repeated  for  the  third  molar,  its  papilla  appearing  about  the  fifth  year  of  life. 

After  the  formation  of  the  special  dental  germs,  the  dental  lamina  undergoes  atrophic  changes 
and  becomes  cribriform,  except  on  the  lingual  and  lateral  aspects  of  each  of  the  special  germs 
of  the  temporary  teeth,  where  it  undergoes  a  local  thickening  forming  the  special  dental  germ 
of  each  of  the  successional  permanent  teeth — i.  e.,  the  ten  anterior  ones  in  each  jaw.  Here  the 
same  process  goes  on  as  has  been  described  in  connection  with  those  of  the  deciduous  teeth: 
that  is,  they  recede  into  the  substance  of  the  gum  behind  the  germs  of  the  deciduous  teeth.  As 
they  recede  they  become  club-shaped,  form  expansions  at  their  distal  extremities,  and  finally 
meet  papilke,  which  have  been  formed  in  the  mesoderm,  just  in  the  same  manner  as  was  the 
case  in  the  deciduous  teeth.  #  The  apex  of  each  papilla  indents  the  dental  germ,  which  encloses 
it,  and,  forming  a  cap  for  it,  becomes  converted  into  the  enamel,  while  the  papilla  forms  the 
dentin  and  pulp  of  the  permanent  tooth. 

The  special  dental  germs  consist  at  first  of  rounded  or  polyhedral  epithelial  cells;  after  the 


Fio.  1032. — Longitudinal  section  of  the  lower  part 
of  a  growing  tooth,  showing  the  extension  of  the  layer 
of  adamantoblasts  beyond  the  crown  to  mark  off 
the  limit  of  formation  of  the  dentin  of  the  root. 
(Rdse.)  ad.  Adamantoblasts,  continuous  below  with 
ep.ich.,  the  epithelial  sheath  of  Hertwig.  d.  Dentin, 
en.  Enamel,  od.  Odontoblasts,  p.  Pulp. 
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formation  of  the  papilla,  these  cells  undergo  a  differentiation  into  three  layers.  Those  which 
are  in  immediate  contact  with  the  papilla  become  elongated,  and  form  a  layer  of  well-marked 
columnar  epithelium  coating  the  papilla.  They  are  the  cells  which  form  the  enamel  fibers, 
and  are  therefore  termed  enamel  cells  or  adamantoblasts.  The  cells  of  the  outer  layer  of  the 
special  dental  germ,  which  are  in  contact  with  the  inner  surface  of  the  dental  sac,  presently  to 
be  described,  are  much  shorter,  cubical  in  form,  and  are  named  the  external  enamel  epithelium. 
All  the  intermediate  round  cells  of  the  dental  germ  between  these  two  layers  undergo  a  peculiar 
change.  They  become  stellate  in  shape  and  develop  processes,  which  unite  to  form  a  net-work 
into  which  fluid  is  secreted;  this  has  the  appearance  of  a  jelly,  and  to  it  the  name  of  enamel  pulp 
is  given.  This  transformed  special  dental  germ  is  now  known  under  the  name  of  enamel  organ 
(Fig.  1031). 

While  these  changes  are  going  on,  a  sac  is  formed  around  each  enamel  organ  from  the  sur¬ 
rounding  mesodermal  tissue.  This  is  known  as  the  dental  sac,  and  is  a  vascular  membrane 
of  connective  tissue.  It  grows  up  from  below,  and  thus  encloses  the  whole  tooth  germ;  as  it 
grows  it  causes  the  neck  of  the  enamel  organ  to  atrophy  and  disappear;  so  that  all  communi¬ 
cation  between  the  enamel  organ  and  the  superficial  epithelium  is  cut  off.  At  this  stage  there 
are  vascular  papilla  surmounted  by  caps  of  epithelial  cells,  the  whole  being  surrounded  by 
by  membranous  sacs. 

Formation  of  the  Enamel. — The  enamel  is  formed  exclusively  from  the  enamel  cells  or  adaman¬ 
toblasts  of  the  special  dental  germ,  either  by  direct  calcification  of  the  columnar  cells,  which 
become  elongated  into  the  hexagonal  rods  of  the  enamel;  or,  as  is  more  generally  believed,  as 
a  secretion  from  the  adamantoblasts,  within  which  calcareous  matter  is  subsequently  deposited. 

The  process  begins  at  the  apex  of  each  cusp,  at  the  ends  of  the  enamel  cells  in  contact  with 
the  dental  papilla.  Here  a  fine  globular  deposit  takes  place,  being  apparently  shed  from  the  end 
of  the  adamantoblasts.  It  is  known  by  the  name  of  the  enamel  droplet,  and  resembles  keratin 
in  its  resistance  to  the  action  of  mineral  acids.  This  droplet  then  becomes  fibrous  and  calcifies 
and  forms  the  first  layer  of  the  enamel;  a  second  droplet  now  appears  and  calcifies,  and  so  on; 
successive  droplets  of  keratin-like  material  are  shed  from  the  adamantoblasts  and  form  successive 
layers  of  enamel,  the  adamantoblasts  gradually  receding  as  each  layer  is  produced,  until  at  the 
termination  of  the  process  they  have  almost  disappeared.  The  intermediate  cells  of  the  enamel 
pulp  atrophy  and  disappear,  so  that  the  newly  formed  calcified  material  and  the  external  enamel 
epithelium  come  into  apposition.  This  latter  layer,  however,  soon  disappears  on  the  emergence 
of  the  tooth  beyond  the  gum.  After  its  disappearance  the  crown  of  the  tooth  is  still  covered 
by  a  distinct  membrane,  which  persists  for  some  time.  This  is  known  as  the  cuticula  dentis,  or 
Nasmyth’s  membrane,  and  is  believed  to  be  the  last-formed  layer  of  enamel  derived  from  the 
adamantoblasts,  which  has  not  become  calcified.  It  forms  a  homy  layer,  which  may  be  sepa¬ 
rated  from  the  subjacent  calcified  mass  by  the  action  of  strong  acids.  It  is  marked  by  the  hexagonal 
impressions  of  the  enamel  prisms,  and,  when  stained  by  nitrate  of  silver,  shows  the  characteristic 
appearance  of  epithelium. 

Formation  of  the  Dentin . — While  these  changes  are  taking  place  in  the  epithelium  to  form 
the  enamel,  contemporaneous  changes  occurring  in  the  differentiated  mesoderm  of  the  dental 
papillae  result  in  the  formation  of  the  dentin.  As  before  stated,  the  first  germs  of  the  dentin  are 
the  papillae,  corresponding  in  number  to  the  teeth,  formed  from  the  soft  mesodermal  tissue 
which  bounds  the  depressions  containing  the  special  enamel  germs.  The  papillae  grow  upward 
into  the  enamel  germs  and  become  covered  by  them,  both  being  enclosed  in  a  vascular  connective 
tissue,  the  dental  sac,  in  the  manner  above  described.  Each  papilla  then  constitutes  the  forma¬ 
tive  pulp  from  which  the  dentin  and  permanent  pulp  are  developed;  it  consists  of  rounded  cells 
and  is  very  vascular,  and  soon  begins  to  assume  the  shape  of  the  future  tooth.  The  next  step 
is  the  appearance  of  the  odontoblasts,  which  have  a  relation  to  the  development  of  the  teeth 
similar  to  that  of  the  osteoblasts  to  the  formation  of  bone.  They  are  formed  from  the  cells 
of  the  periphery  of  the  papilla — that  is  to  say,  from  the  cells  in  immediate  contact  with  the 
adamantoblasts  of  the  special  dental  germ.  These  cells  become  elongated,  one  end  of  the 
elongated  cell  resting  against  the  epithelium  of  the  special  dental  germs,  the  other  being  tapered 
and  oftened  branched.  By  the  direct  transformation  of  the  peripheral  ends  of  these  cells,  or 
by  a  secretion  from  them,  a  layer  of  uncalcified  matrix  (prodentin)  is  formed  which  caps  the 
cusp  or  cusps,  if  there  are  more  than  one,  of  the  papillae.  This  matrix  becomes  fibrillated,  and 
in  it  islets  of  calcification  make  their  appearance,  and  coalescing  give  rise  to  a  continuous  layer 
of  calcified  material  which  covers  each  cusp  and  constitutes  the  first  layer  of  dentin.  The  odon¬ 
toblasts,  having  thus  formed  the  first  layer,  retire  toward  the  center  of  the  papilla,  and,  as  they 
do  so,  produce  successive  layers  of  dentin  from  their  peripheral  extremities — that  is  to  say, 
they  form  the  dentinal  matrix  in  which  calcification  subsequently  takes  place.  As  they  thus 
recede  from  the  periphery  of  the  papilla,  they  leave  behind  them  filamentous  processes  of  cell 
protoplasm,  provided  with  finer  side  processes;  these  are  surrounded  by  calcified  material,  and 
thus  form  the  dental  canaliculi,  and,  by  their  side  branches,  the  anastomosing  canaliculi:  the 
processes  of  protoplasm  contained  within  them  constitute  the  dentinal  fibers  {Tomes'  fibers). 
In  this  way  the  entire  thickness  of  the  dentin  is  developed,  each  canaliculus  being  completed 
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throughout  its  whole  length  by  a  single  odontoblast.  The  central  part  of  the  papilla  does  not 
undergo  calcification,  but  persists  as  the  pulp  of  the  tooth.  In  this  process  of  formation  of  dentin 
it  has  been  shown  that  an  uncalcified  matrix  is  first  developed,  and  that  in  this  matrix  islets  of 
calcification  appear  which  subsequently  blend  together  to  form  a  cap  to  each  cusp:  in  like  manner 
successive  layers  are  produced,  which  ultimately  become  blended  with  each  other.  In  certain 
places  this  blending  is  not  complete,  portions  of  the  matrix  remaining  uncalcified  between  the 
successive  layers;  this  gives  rise  to  little  spaces,  which  are  the  interglobul&r  spaces  alluded  to 
above. 

Formation  of  the  Cement . — The  root  of  the  tooth  begins  to  be  formed  shortly  before  the  crown 
emerges  through  the  gum,  but  is  not  completed  until  some  time  afterward.  It  is  produced  by  a 
downgrowth  of  the  epithelium  of  the  dental  germ,  which  extends  almost  as  far  as  the  situation 
of  the  apex  of  the  future  root,  and  determines  the  form  of  this  portion  of  the  tooth.  This  fold 
of  epithelium  is  known  as  the  epithelial  sheath,  and  on  its  papillary  surface  odontoblasts  appear, 
which  in  turn  form  dentin,  so  that  the  dentin  formation  is  identical  in  the  crown  and  root  of  the 
tooth.  After  the  dentin  of  the  root  has  been  developed,  the  vascular  tissues  of  the  dental  sac 
begin  to  break  through  the  epithelial  sheath,  and  spread  over  the  surface  of  the  root  as  a  layer 
of  bone-forming  material.  In  this  osteoblasts  make  their  appearance,  and  the  process  of  ossi¬ 
fication  goes  on  in  identically  the  same  manner  as  in  the  ordinary  intram embranous  ossification 
of  bone.  In  this  way  the  cement  is  formed,  and  consists  of  ordinary  bone  containing  canaliculi 
and  lacunse. 

Formation  of  the  Alveoli. — About  the  fourteenth  week  of  embryonic  life  the  dental  lamina 
becomes  enclosed  in  a  trough  or  groove  of  mesodermal  tissue,  which  at  first  is  common  to  all  the 
dental  germs,  but  subsequently  becomes  divided  by  bony  septa  into  loculi,  each  loculus  con¬ 
taining  the  special  dental  germ  of  a  deciduous  tooth  and  its  corresponding  permanent  tooth. 
After  birth  each  cavity  becomes  subdivided,  so  as  to  form  separate  loculi  (the  future  alveoli) 
for  the  deciduous  tooth  and  its  corresponding  permanent  tooth.  Although  at  one  time  the  whole 
of  the  growing  tooth  is  contained  in  the  cavity  of  the  alveolus,  the  latter  never  completely  encloses 
it,  since  there  is  always  an  aperture  over  the  top  of  the  crown  filled  by  soft  tissue,  by  which  the 
dental  sac  is  connected  with  the  surface  of  the  gum,  and  which  in  the  permanent  teeth  is  called 
the  fubemaculum  dentis. 

Development  of  the  Permanent  Teeth. — The  permanent  teeth  as  regards  their  development 
may  be  divided  into  two  sets:  (1)  those  which  replace  the  deciduous  teeth,  andVhich,  like  them, 
are  ten  in  number  in  each  jaw:  these  are  the  successions  permanent  teeth;  and  (2)  those  which 
have  no  deciduous  predecessors,  but  are  superadded  distal  to  the  temporary  dental  series.  These 
are  three  in  number  on  either  side  in  each  jaw,  and  are  termed  superadded  permanent  teeth. 
They  are  the  three  molars  of  the  permanent  set,  the  molars  of  the  deciduous  set  being  replaced 
by  the  premolars  of  the  permanent  set.  The  development  of  the  successional  permanent  teeth — 
the  ten  anterior  ones  in  either  jaw — has  already  been  indicated.  During  their  development  the 
permanent  teeth,  enclosed  in  their  sacs,  come  to  be  placed  on  the  lingual  side  of  the  deciduous 
teeth  and  more  distant  from  the  margin  of  the  future  gum,  and,  as  already  stated,  are  separated 
from  them  by  bony  partitions.  As  the  crown  of  the  permanent  tooth  grows,  absorption  of  these 
bony  partitions  and  of  the  root  of  the  deciduous  tooth  takes  place,  through  the  agency  of  osteo¬ 
clasts,  which  appear  at  this  time,  and  finally  nothing  but  the  crown  of  the  deciduous  tooth  remains. 
This  is  shed  or  removed,  and  the  permanent  tooth  takes  its  place. 

The  superadded  permanent  teeth  are  developed  in  the  manner  already  described,  by  extensions 
backward  of  the  posterior  part  of  the  dental  lamina  in  each  jaw. 

Eruption  of  the  Teeth. — When  the  calcification  of  the  different  tissues  of  the  tooth 
is  sufficiently  advanced  to  enable  it  to  bear  the  pressure  to  which  it  will  be  afterward 
subjected,  eruption  takes  place,  the  tooth  making  its  way  through  the  gum.  The 
gum  is  absorbed  by  the  pressure  of  the  crown  of  the  tooth  against  it,  which  is 
itself  pressed  up  by  the  increasing  size  of  the  root.  At  the  same  time  the  septa 
between  the  dental  sacs  ossify,  and  constitute  the  alveoli;  these  firmly  embrace 
the  necks  of  the  teeth,  and  afford  them  a  solid  basis  of  support. 

The  eruption  of  the  deciduous  teeth  commences  about  the  seventh  month  after 
birth,  and  is  completed  about  the  end  of  the  second  year,  the  teeth  of  the  lower 
jaw  preceding  those  of  the  upper. 

The  following,  according  to  C.  S.  Tomes,  are  the  most  usual  times  of  eruption: 
Lower  central  incisors . 6  to  9  months. 


Upper  incisors . .  8  to  10  months. 

Lower  lateral  incisors  and  first  molars  .  .  15  to  21  months. 

Canines . 16  to  20  months. 

Second  molars . 20  to  24  months. 
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There  are,  however,  considerable  variations  in  these  times;  thus,  according 
to  Holt: 


At  the  age  of  1  year  a  child  should  have 
“  “  H  years  “ 


u  ((  2  “  ((  (( 

a  ((  21  ii  (f  ic 


6  teeth. 
12  “ 

16  “ 

20  “ 


Calcification  of  the  permanent  teeth  proceeds  in  the  following  order  in  the 
lower  jaw  (in  the  upper  jaw  it  takes  place  a  little  later):  the  first  molar,  soon 
after  birth;  the  central  and  lateral  incisors,  and  the  canine,  about  six  months 
after  birth;  the  premolars,  at  the  second  year,  or  a  little  later;  the  second  molar, 
about  the  end  of  the  second  year;  the  third  molar,  about  the  twelfth  year. 

The  eruption  of  the  permanent  teeth  takes  place  at  the  following  periods,  the 
teeth  of  the  lower  jaw  preceding  those  of  the  upper  by  short  intervals: 


First  molars  . 

Two  central  incisors 
Two  lateral  incisors 
First  premolars 
Second  premolars 
Canines  . 

Second  molars 
Third  molars 


.  6th  year. 
7th  year. 
8th  year. 
.  9th  year. 
.  10th  year. 
11th  to  12th  year. 
12th  to  13th  year. 
17th  to  25th  year. 


Toward  the  sixth  year,  before  the  shedding  of  the  deciduous  teeth  begins,  there 
are  twenty-four  teeth  in  each  jaw,  viz.,  the  ten  deciduous  teeth  and  the  crowns 
of  all  the  permanent  teeth  except  the  third  molars. 

The  Tongue  (lingua). — The  tongue  is  the  principal  organ  of  the  sense  of  taste, 
and  an  important  organ  of  speech ;  it  also  assists  in  the  mastication  and  deglutition 
of  the  food.  It  is  situated  in  the  floor  of  the  mouth,  within  the  curve  of  the 
body  of  the  mandible. 

Its  Root  ( radix  linguae;  base)  (Fig.  975)  is  directed  backward,  and  connected 
with  the  hyoid  bone  by  the  Hyoglossi  and  Genioglossi  muscles  and  the  hyoglossal 
membrane;  with  the  epiglottis  by  three  folds  (glossoepiglottic)  of  mucous  membrane; 
wTith  the  soft  palate  by  the  glossopalatine  arches;  and  with  the  pharynx  by  the 
Constrictores  pharyngis  superiores  and  the  mucous  membrane. 

Its  Apex  (apex  linguce;  tip),  thin  and  narrow,  is  directed  forward  against  the 
lingual  surfaces  of  the  lower  incisor  teeth. 

Its  Inferior  Surface  (facies  inferior  linguce;  under  surface)  (Fig.  1033)  is  connected 
with  the  mandible  by  the  Genioglossi;  the  mucous  membrane  is  reflected  from  it 
to  the  lingual  surface  of  the  gum  and  on  to  the  floor  of  the  mouth,  where,  in  the 
middle  line,  it  is  elevated  into  a  distinct  vertical  fold,  the  frenulum  lingua.  On 
either  side  lateral  to  the  frenulum  is  a  slight  fold  of  the  mucous  membrane,  the 
plica  fimbriata,  the  free  edge  of  which  occasionally  exhibits  a  series  of  fringe-like 
processes. 

The  apex  of  the  tongue,  part  of  the  inferior  surface,  the  sides,  and  dorsum  are 
free. 

The  Dorsum  of  the  Tongue  (dorsum  linguae)  (Fig.  1034)  is  convex  and  marked  by 
a  median  sulcus,  wThich  divides  it  into  symmetrical  halves;  this  sulcus  ends  behind, 
about  2.5  cm.  from  the  root  of  the  organ,  in  a  depression,  the  foramen  cecnm, 
from  which  a  shallow  groove,  the  sulcus  terminalis,  runs  lateralward  and  forward 
on  either  side  to  the  margin  of  the  tongue.  The  part  of  the  dorsum  of  the  tongue 
in  front  of  this  groove,  forming  about  two-thirds  of  its  surface,  looks  upward,  and 
is  rough  and  covered  with  papillae;  the  posterior  third  looks  backward,  and  is 


THE  MOUTH 


smoother,  and  contains  numerous  muciparous  glands  and  lymph  fpllide?  (lingual 
tonsil).  The  foramen  ceciim  Is  the  remains  of 'the  Upper  part  <u  the  tliyroglossal 
•ioct  or  diverticulum-  front  which  the  thyroid  gbiml  is  developed  ,  the  pyramidal 
lithe  of  the  thyroid  gland.  indicates  the  position' of  the  lower  part  of  the  duct. 

The  Papillae  of  the  Tongue  t  Fig.  i iXM  ;  are  projections  of  the  eoriuiu.  They  are 
thickly  distributed  over  the  anterior  two-third*  of  its  dorsum,  giving  to  this  surface 
its  characteristic  roughness.  The  varieties  of  papilla:-  met  with  are  the  papilla 
vallate;,  papilUe  fungiformes,  paptli»  filiformea,  and  papillae  sixoplices. 


i*yp6gUmi 


fjf  dud 


PiO  « -Th?  mnutb*.  cavij 


y.  The  apps  of  thr?  lop  guv  is  fci\ra*hi  'ipVunl.  Au/J  »m  titb  .eight,  side  a  superficial 
liaeecUoo  of  its  ujpJe*  aurfaoo  baa  be*;u 


The  papilise  vaU&fee  (cijrcumvallhtr.  papilla)  (Fig,  1015)  are  of  large  s&e,,  and  vary 
from  t%}rt  to  twelve  iti  number.  They  are  situated  oh  the  dorsum  of  Uic  tongue 


immediately  in  front  'of  the  foramen  .cecum'  and .  sulcus  tc-rtniitalis,  forming  si  row 
on  cither  aide;  the  two  rows  nin  in  the  middle 

fine,  like  the  limbs  of  the  letter  V  inverted.  Each' papilla  cousiats  of  a  projection 
of  mucous  membrane  from  1  to  .2  torn.  wide,  attached  to  the  bottom  of  a  circuIfUr 
depression  of  the  muiiius  membrane;  the  margin  of  the  depression  is  elevated  to 
form  a  wail  (tnUum),  and  between  this  and  the  papilla  is  a  circular  soleds  termed 
the  fossa:;  The.  papilla,  is.  shaped  like  a  truncated  cone,  the'  smaller  end  being 
directed  domiward  ««d  atfaehyd;tp  thy  totigne,  the  broader  part  nr  base  projecting 
a  little  above The  gut* fkec  of  the  tdfigtie tind being  studded  wrtlp  nrjnit'rons  amail 
secondary  papill©  and  covered  by  stratified  squamous  epithelium. 


The  papilla  fungiformes  ( fttmjijnm  papilla)  (Fig.  103?  j,  more  numerous  thau  the 
preceding,  are  found  chidly  at.  the  sides  ami  apex,  but  are  scattered  irregularly 
and  sparingly  over  the  dorsum,  They  are 'easily  recognized,  among  the  other 
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papilla?,  by  their  large  size,  rounded,  eminences,  and  deep  red  color  They  are 
narrow  at  their  attachment  to  the  tongue,  but  broad  and  funded  at  their  free 


jvwsyM i 


Vatia: \ 


"ViUr.  ZiH?.-^Tb&-m6Mh  rav>.t>\  i&ft  chicks  h»v<?  slit  ixturtyvaol?  and!  iho.Uas^e  polled  forward. 


The  pApiUfs  filiiornrea  (filiform  or  conical  papilla:)  (Fig.  103U)  cover  the  anterior 
tw'b't'liirds  of  the  dorsum.  They  are  very  minute,  filiform  i«  shape;  *«#d  arranged 


in  lines  parallel  with  the  two  rows  of  the  papilla?  vuJl&t.r,  excepting  at  the  apex 
of  the  organ,  where  their  direction  is  transverse.  Projecting  from  their  apices 
are  numerous  filamentous  processes,  or  secondary  papillae  ;  these  are  of  a  whitish 
tint,  owin^  to  the  thickness  and  density  of  the  epithelium  of  whkh  they  are 
composed,  which  lias  here  undergone  a  peculiar  modification,  the  tells  having  be- 


Sceondary 

tapillv 


lU.ifl ,  A  ilitoTio  papilla.  MsetufieS  i  lo:>l  --.Sortian  Sf  a  fungiloim  papilla.-  .>I«*iMfe*l, 

pome  ebrmfied  ftnd.  elongated  into  dehik,  imbricated,  brush-like  processes.  They 
contain  also  a  number  of  elastic  fibers,  which  render  them  firmer  and  iiuttfc  clastic 
than  the"  papilla?  of  mucous  membrane  generally.  The  larger  and  longer  papillae 


Fio.  !■««*.— SemUin, 
*rv  ftliowTi  ()u  some  rd 
three  tktrr  faiths*  in. 


tjrnmatio  vipw  of  a  t >onicm  of  ihe  tnucoufe  ruruibnuio  of  tbt*  Uuijcru*  Two  hinpyfomn 

Ite  filiform  pupilta  tuts  epithelial  prolongations  Kti&d  erect,  Lu  oocthey  nro  spread  ou;t m 


hyoid  bone.  In  either  half  there  are  two  sets  of  muscles,  extrinsic  and  intrinsic; 
the  former  have  their  origins  outside  the  tongue,  the  latter  are  contained  entirely 
within  it. 

The  extrinsic  muscles  (Pig.  1039)  are: 

Genioglossus. 

Hyoglossus. 

Glossopalutinus 


Chondroglossus 

Styloglossus. 


Fa,.  1039.—  Extrinflio  muttcioa  of  the  tongue.  Left  side. 


The  Genioglossus  ( Geniohyogloss us )  is  a  flat  triangular  muscle  close  to  and  par¬ 
allel  with  the  median  plane,  its  apex  corresponding  with  its  point  of  origin  from  the 
mandible,  its  base  with  its  insertion  into  the  tongue  and  hvoid  bone.  It  arises 
by  a  short  tendon  from  the  superior  mental  spine  on  the  inner  surface  of  the  sym¬ 
physis  menti,  immediately  above  the  Geniohyoideus,  and  from  this  point  spreads 
out  in  a  fan-like  form.  The  inferior  fibers  extend  downward,  to  be  attached  by  a 
thin  aponeurosis  to  the  upper  part  of  the  body  of  the  hyoid  bone,  a  few  passing 
between  the  Hyoglossus  and  Chondroglossus  to  blend  with  the  Constrictores 
pharyngis;  the  middle  fibers  pass  backward,  and  the  superior  ones  upward  and  for¬ 
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The  Cbondrogloasua  is  sometimes  described  .as  a  part  of  the  Hyoglossus,  but  is 
separated  from  it  by  fibers  of  the  GeniogloSstiS,  which  pass  to  the  side  of  the 
pharynx.  It  is  about  2. cm. long,  md -antes  from  the  medial  side  and  base  of  the 
lesser  cornu  and  contiguous  portion  of  the  body  of  the  hvoid  hone,  and  passes 
directly  upward  to  blend  with  the  intrinsic  muscular  fibers  of  the  tongue,  between 
the  HyhgjossUs  cold  GeiikrgJossus,  .  .  '  -  •,  '  - 

A  Sftiuil  :^jrp of  muscular  fillers •  U ^  oecsysiwrially  found,  arising  from  Urn  cartilage 
triticivi  in  the  lateral  byothyrold  Ugarae&tand  entering  the  tongue  with  the  hinder- 
most  fibers  of  the  Hyoglpssus. 

The  Styloglossus,  the  shortest  and  smallest  of  the  three  styloid  musdes,  arises 
from  the  anterior  and  lateral  surfaces  of  the  sty  loid  process,  near  its  apex,  and 
from  the  sty  loomndibular  ligament.  Passing  downward  and  forward  between  the 
internal  and  external  carotid  arteries,  it  divides  upon  the  side  of  .the  tongue 
into  two  portions;  one,  longitudinal,  enters  the  side  of  the  tongue  near  ita 
dorsal  surface,  blending  with  the  fibers  of  the  Lnhgitudinalis  inferior  in  front  of 
the  Hyoglosstis;  the  other,  oblique,  overlaps  thc  ilyoglossns  and  decussates  with 
its  fibers. 

Tlie  intrinsic  musdes  (Pig..  i(MO) aii'e;.  . 

Lougitiidmaiis  super  n  't..  Traosversiis. 

Imngitudinalis  inferior.  Vertiealis. 

The  Longitudiaalis  Hague  superior  (Superior  Un#wli#)  U  it  thm  stratum  of  oblique 
and  longitudinal  fibers  immediately  underlying  the  mucoii?  membrane  on  the 
dorsum  of  the  tongue.  It  arises  from  the  submimphs  fibrous  layer  close  to  Hie. 
epiglottis  and  from  the  median  fibrous  septum,  and  runs  forward  to  the  edges 
of  the  tongue. 

Ptipillue 

.  ••••  ;/  •  .  ■ 

...  V’;'-  • 

Inwriicm  ,,j  •  .  .  , 


,  *  '  .  -  j  Vo v. 

■ 

Til*  UHO  —CoronuJ  section  of  fttowj'ofc »itfifia<ric  omacies. 


.(Altered  Hrooi  Krauaw.i 


The  Longitudioalis  lingua;  inferior  {Inferior  linfjuaks)  is  a  narrow  band  situated 
on  the  under  surface  of  the  tongue  between  the  Genioglossus  and  Ilyoglossus 
Itextpnds  from  the  root  to  the  .ape?;,  of  the  tougue;  behind,  some  »jf  its  fibers  are 
connected  with  the.  body  of  the  hyoid  bone;  in  front  it  blends  with  the  fiber  •  i 
the  Styloglossus, 

The  Trana  versus  linguae  (Tmmeer.sc  lingual is)  consists  of  fibers  which  arise  from 
the  median  fibrous  septum  and  pass  hiteralward  to  be  inserted  into  the  submucous 
fibrous  tissue  at  the  sides  of  the  tongue. 
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The  Verticalis  lingua  ( Vertical  lingualis )  is  found  only  at  the  borders  of  the  fore¬ 
part  of  the  tongue.  Its  fibers  extend  from  the  upper  to  the  under  surface  of  the 
organ. 

The  median  fibrous  septum  of  the  tongue  is  very  complete,  so  that  the  anastomosis  between 
the  two  lingual  arteries  is  not  very  free. 

Nerves. — The  muscles  of  the  tongue  described  above  are  supplied  by  the  hypoglossal  nerve. 

Actions. — The  movements  of  the  tongue,  although  numerous  and  complicated,  may  be  under¬ 
stood  by  carefully  considering  the  direction  of  the  fibers  of  its  muscles.  The  Genioglossi,  by  means 
of  their  posterior  fibers,  draw  the  root  of  the  tongue  forward,  and  protrude  the  apex  from  the 
mouth.  The  anterior  fibers  draw  the  tongue  back  into  the  mouth.  The  two  muscles  acting  in 
their  entirety  draw  the  tongue  downward,  so  as  to  make  its  superior  surface  concave  from  side 
to  side,  forming  a  channel  along  which  fluids  may  pass  toward  the  pharynx,  as  in  sucking.  The 
Hyoglossi  depress  the  tongue,  and  draw  down  its  sides.  The  Styloglossi  draw  the  tongue  upward 
and  backward.  The  Glossopalatini  draw  the  root  of  the  tongue  upward.  The  intrinsic  muscles 
are  mainly  concerned  in  altering  the  shape  of  the  tongue,  whereby  it  becomes  shortened,  nar¬ 
rowed,  or  curved  in  different  directions;  thus,  the  Longitudinalis  superior  and  inferior  tend  to 
shorten  the  tongue,  but  the  former,  in  addition,  turn  the  tip  and  sides  upward  so  as  to  render 
the  dorsum  concave,  while  the  latter  pull  the  tip  downward  and  render  the  dorsum  convex. 
The  Transversus  narrows  and  elongates  the  tongue,  and  the  Verticalis  flattens  and  broadens  it. 
The  complex  arrangement  of  the  muscular  fibers  of  the  tongue,  and  the  various  directions  in 
which  they  run,  give  to  this  organ  the  power  of  assuming  the  forms  necessary  for  the  enuncia¬ 
tion  of  the  different  consonantal  sounds;  and  Macalister  states  “there  is  reason  to  believe  that 
the  musculature  of  the  tongue  varies  in  different  races  owing  to  the  hereditary  practice  and 
habitual  use  of  certain  motions  required  for  enunciating  the  several  vernacular  languages.” 

Structure  of  the  Tongue. — The  tongue  is  partly  invested  by  mucous  membrane  and  a  sub¬ 
mucous  fibrous  layer. 

The  mucous  membrane  ( tunica  mucosa  lingua )  differs  in  different  parts.  That  covering  the 
under  surface  of  the  organ  is  thin,  smooth,  and  identical  in  structure  with  that  lining  the  rot 
of  the  oral  cavity.  The  mucous  membrane  of  the  dorsum  of  the  tongue  behind  the  foramen 
cecum  and  sulcus  terminalis  is  thick  and  freely  movable  over  the  subjacent  parts.  It  contains 
a  large  number  of  lymphoid  follicles,  which  together  constitute  what  is  sometimes  termed  the 
lingual  tonsil.  Each  follicle  forms  a  rounded  eminence,  the  center  of  which  is  perforated  by  a 
minute  orifice  leading  into  a  funnel-shaped  cavity  or  recess;  around  this  recess  are  grouped 
numerous  oval  or  rounded  nodules  of  lymphoid  tissue,  each  enveloped  by  a  capsule  derived  from 
the  submucosa,  while  opening  into  the  bottom  of  the  recesses  are  also  seen  the  ducts  of  mucoos 
glands.  The  mucous  membrane  on  the  anterior  part  of  the  dorsum  of  the  tongue  is  thin,  inti¬ 
mately  adherent  to  the  muscular  tissue,  and  presents  numerous  minute  surface  eminences,  the 
papillae  of  the  tongue.  It  consists  of  a  layer  of  connective  tissue,  the  corium  or  mucosa,  covered 
with  epithelium. 

The  epithelium  is  of  the  stratified  squamous  variety,  similar  to  but  much  thinner  than  that 
of  the  skin :  and  each  papilla  has  a  separate  investment  from  root  to  summit.  The  deepest  cells 
may  sometimes  be  detached  as  a  separate  layer,  corresponding  to  the  rete  mucosum,  but  they 
never  contain  coloring  matter. 

The  corium  consists  of  a  dense  felt-work  of  fibrous  connective  tissue,  with  numerous  elastic 
fibers,  firmly  connected  with  the  fibrous  tissue  forming  the  septa  between  the  muscular  bundles 
of  the  tongue.  It  contains  the  ramifications  of  the  numerous  vessels  and  nerves  from  which 
the  papillae  are  supplied,  large  plexuses  of  lymphatic  vessels,  and  the  glands  of  the  tongue. 

Structure  of  the  PapUlce. — The  papillae  apparently  resemble  in  structure  those  of  the  cutis, 
consisting  of  cone-shaped  projections  of  connective  tissue,  covered  with  a  thick  layer  of  stratified 
squamous  epithelium,  and  containing  one  or  more  capillary  loops  among  which  nerves  are  dis¬ 
tributed  in  great  abundance.  If  the  epithelium  be  removed,  it  will  be  found  that  they  are  not 
simple  elevations  like  the  papillae  of  the  skin,  for  the  surface  of  each  is  studded  with  minute 
conical  processes  which  form  secondary  papillae.  In  the  papillae  vallatae,  the  nerves  are  numer¬ 
ous  and  of  large  size;  in  the  papillae  fungiformes  they  are  also  numerous,  and  end  in  a  plexifonn 
net-work,  from  which  brush-like  branches  proceed;  in  the  papillae  filiformes,  their  mode  of 
termination  is  uncertain. 

Glands  of  the  Tongue. — The  tongue  is  provided  with  mucous  and  serous  glands. 

The  mucous  glands  are  similar  in  structure  to  the  labial  and  buccal  glands.  They  are  found 
especially  at  the  back  part  behind  the  vallate  papillae,  but  are  also  present  at  the  apex  and  mar¬ 
ginal  parts.  In  this  connection  the  anterior  lingual  glands  (Blandin  or  Nuhn)  require  special 
notice.  They  are  situated  on  the  under  surface  of  the  apex  of  the  tongue  (Fig.  1033),  one  on  either 
side  of  the  frenulum,  where  they  are  covered  by  a  fasciculus  of  muscular  fibers  derived  from  the 
Styloglossus  and  Longitudinalis  inferior.  They  are  from  12  to  25  mm.  long,  and  about  S  mm. 
broad,  and  each  opens  by  three  or  four  ducts  on  the  under  surface  of  the  apex. 

The  serous  glands  occur  only  at  the  back  of  the  tongue  in  the  neighborhood  of  the  taste-budi. 


their  ducts  Pruning  for  pan  into  the  fossa*  of  the  vali&t*  papillm.  These  glands  are 

racemose,  thy  viuH  of  Rich  branching /into  several  minute  ducts,  which  .-nd  m  ^tvoolh  lined  by 
a  single  of;  -titgfc  |ii?  less  tfolumriar  epithelium,  Titeir  secret  Ion  .is  •of-  a  wsUsry  nabm-,  aod 
probably  Vh  tipi  diiwrihuiibti  qt  the  Spbst/mee  to  be  tasted  oVtr  the -trwf  e  area.  yftbher ) 

The  sT'.ft  vertical-  layer  of  fibrous  tissue,  .  exiejncling:  .tjirpu^hottt;  .tfte*  on  fire 

length  <r>  fh.e  fd^liah  plm**#  the  tongue,  though  not  quite  reaching  The  dommu  It  w  lh«£*fcer 
behind  thsii  in  front  and  ^'ynsumaljy  contains,  n  small  fibrocaft  ilage,  abouc/>  mtn,  in  length. 
It  is  well  dbplnyed  by  i&tUmtf,  a’\vert?eal  *WMOt*  aerow  the  orpin. 

The  hyoglossal  motofer^&e  is  a  /strong  tibrous  lamkm,  which  curimvi*  fhe  under  slitters  .&f: 
the  root  of  the  tongue  to  the  h*ftiy  <>£  the  hvual  hon<\  Tin?  membrane  receive,  in  front, 
of  the  fibers  of  the  Gcniogjo^i. 

T^a^e-buds.  tftte <4if \ «*nt?e,  are  wtter^.i  ovM  the  muomi«  inejrubii»^ 
of  t  he  mouth,  and  rortgue  at  irregular'  in  ter  V.rits,  ’Hey  occur  especially  m  the  side*  of  the  voJiate 
pApilUh..  th  The  rshhfl  there  is  a  fecalixed  area  at  the  side  of  the  base  of  %  he  tongue,  tlio  papilla 
foiiata,  in  which  they  are  especially  abundant  (fig,  1041).  They  are  de*onhr<!  under  the  organs 
of  the  senses  (page*  V,1  '  '  \:;  -  '  .f  / 


hjfri*  »>> 

m? .  fkv>3  nu  *  y ,» yvf  vet 
.*<#/&  v  v'/y* 

t*  ty  lycoAUi? 


-Vertical  Motiatr  or  pajrolk  foliaui  -of  die  rabbit.  .paaautf  aerx**  the  /o'liu. 


ImmA  At 


dPWvIfer.) 


carotid,  hul  the  external  maxillary  und  asceoding  pharyngeal  also  give  Imiudieo  to  it  The 
veins  open  into  the  intmial  juguiar  t  ' .  <  )  ' 

nie.  lymphatics  of  the  tongue  have  b»»n ■  dt^erihwl  m  page  Tim, 

The  aonsory  aerres  of  the  tongue  >;re  U)  ibe  lingual  branch  of  the  tnandilmiar.  which  te 
distributed  io  the  papillae  at  the.  Vwepart  umi  safe.  of  the  tongue,  and  forme  the  nervcWf  ordinary 
sensibility  foir  ita  abtOriar  two~thir»js;  (^r;tW:  ehqrdA'  fy^abj'.  !$$$$  Of  4h$$fewt  which  runs 
in  the  sheath  of  .th^  lmgmth  and  fe  gcmtfnfiy'  teghrdtyTufi  t&  Uetnv  of  taste  for  the  nt^rriur  iwo- 
-  thirds;  ftu$  u^rva  is  a  hrmiuorntum  of  the  sensory  Foot  of  the  facial  (versus  warmed  ins),  (3)  the 
lingual  branch  of  the  j^Oseccpharyn^pc^,  which  is  dutf-ribiited  to  the  nvtfcous  membrane  at  thn 
baae  and  siiU^  of  fhe  tnrigue,  and  to  thy  papii.be  vallaun,  And  which  supplita  bdtlr gustatory’ 
fiUtfhefttk  of  (4)  the  su^rfor  Iwryb^h  winch  ^nds 

some  fine  branebee  t<>  the  Wft  rmwr  the  epi^lbUifr/  ;  \ 

The  Salivary  Glands  (Fig,  )024T~iTuw  Urge  pairs  of  salivary  glands  eommuni- 
cate  with  the  mouth,  aial  pour  their  ^ccTetibn  into  its  cavity;  they  are  the  paitrtid* 
submaxillary,  and  suhllngtaai,  /  .  f  ,  ,  :  V  , 

Parotid  Gland  (glandnla  parutis)-- The  parotid  gland,' (Figs.  1042f  104:5)  ,  the  largest 
of  the  three,  varies  ib  weight  from  14  K>  28  gin.  It  lies ’.upon  the  side  of  the  face, 
immediately  below  m\&  .’in  front  pf  the  external  car.  The  main  portion  uf  th^  gland 
i.^  Huperfiriah  somewhat  flattened  and  quadrilateral  in  form,  and  is  placed  between 
the  rhmu^  of  the  Tnandible  in  front  and  the  mastoid  -process,  and  St^rnocleidte 
mastnideus  behind,  o>Trlaj>ping:;  however,  in>t}i  boundanes.  Above,  it.  fe  l>road 
k^d  .-area';  bdow,  it  tai^cts  i&mt'nhat  '.tiy  about 
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the  level  of  a  line  joining  jthe  tip  of  the  mas  toid  process  to  the  angle  of  the  mandible, 
tPhe  remainder  of  the  glatid  .  if  K&blt»sl y  wedge-shaped,,  and  extends  deeply 
inward  toward  the  pbaryngeaf  waU> 


4  $rt.  aryuthi 


Tarot  J  &tn 


T&fth'r  tf  £ mnia 


■P&fifon.  in  front 


J,  -r 

'  0+"*#  ~y*iui  tVA 

to*do»* 


Impnxsitm  fur 


fttyirfa+un >  /vr  -P^j 


Posterity,}  Jm&il. « 


F*&  7 i*  ft tiy  fctefui, ,  P^wtiirior  and  deep  napert*. 

The  gland  is  enclosed  within  a  capsule  continupuk  with  the  deep  cervical  fasfP 
the  la^er  eo^fflciiig  the  superficial  surface  is  dense  and  closely  adherent  la  tft* 
gl&'nd>  &  m  the  fascia,  attached  to  the  styloid  process  and  the  anglc  of  t# 

mandible,  is  thickened  to  form  the  stylomandibular  ligament  which  intertre- 


•- Ififi  '•'  'v  y. ; 

L  &&$**  V« W 

I  /  / 

_ Pi>rj  p  J «  H  «>$ 


-;•*  /  :  .  4i.  ,  Iri>»- ■  ■  1043 .  - —  It?  3“'  ■ 

The  anterior  surface  of  the  gland  is  moulded  on  the  posterior  booirr  of  fct 
ramus  of  the  mandible,  clothed  by  tlic  Pter.Vgoideus  internus  and  Massefer.  >iif 
inner  lip  of  the  groove  dips,  for  a  short  distance,  between  the  two  Pterygoid  rsuiifte. 


IVciv&nVi  »n?<ww  appect* 


lip  of  the  groove  dips,  for  a  short  distance,  between  the  two  Pterygoid  auitdrs. 


THE  MOUTH 


1143 


while  the  outer  lip  extends  for  some  distance  over  the  superficial  surface  of  the 
Masseter;  a  small  portion  of  this  lip  immediately  below  the  zygomatic  arch  is 
usually  detached,  and  is  named  the  accessory  part  (soda  parotidis )  of  the  gland. 

The  posterior  surface  is  grooved  longitudinally  and  abuts  against  the  external 
acoustic  meatus,  the  mastoid  process,  and  the  anterior  border  of  the  Sterno- 
cleidomastoideus. 

The  superficial  surface,  slightly  lobulated,  is  covered  by  the  integument,  the 
superficial  fascia  containing  the  facial  branches  of  the  great  auricular  nerve  and 
some  small  lymph  glands,  and  the  fascia  which  forms  the  capsule  of  the  gland. 

The  deep  surface  extends  inward  by  means  of  two  processes,  one  of  which  lies 
on  the  Digastricus,  styloid  process,  and  the  styloid  group  of  muscles,  and  projects 
under  the  mastoid  process  and  Sternocleidomastoideus;  the  other  is  situated  in 
front  of  the  styloid  process,  and  sometimes  passes  into  the  posterior  part  of  the 
mandibular  fossa  behind  the  temporomandibular  joint.  The  deep  surface  is  in 
contact  with  the  internal  and  external  carotid  arteries,  the  internal  jugular  vein, 
and  the  vagus  and  glossopharyngeal  nerves. 

The  gland  is  separated  from  the  pharyngeal  wall  by  some  loose  connective 
tissue. 

Structures  within  the  Gland. — The  external  carotid  artery  lies  at  first  on  the  deep 
surface,  and  then  in  the  substance  of  the  gland.  The  artery  gives  off  its  posterior 
auricular  branch  which  emerges  from  the  gland  behind;  it  then  divides  into  its 
terminal  branches,  the  internal  maxillary  and  superficial  temporal ;  the  former  runs 
forward  deep  to  the  neck  of  the  mandible;  the  latter  runs  upward  across  the  zygo¬ 
matic  arch  and  gives  off  its  transverse  facial  branch  which  emerges  from  the  front 
of  the  gland.  Superficial  to  the  arteries  are  the  superficial  temporal  and  internal 
maxillary  veins ,  uniting  to  form  the  posterior  facial  vein;  in  the  lower  part  of  the 
gland  this  vein  splits  into  anterior  and  posterior  divisions.  The  anterior  division 
emerges  from  the  gland  and  unites  with  the  anterior  facial  to  form  the  common 
facial  vein;  the  posterior  unites  in  the  gland  with  the  posterior  auricular  to  form 
the  external  jugular  vein.  On  a  still  more  superficial  plane  is  the  facial  nerve,  the 
branches  of  which  emerge  from  the  borders  of  the  gland.  Branches  of  the  great 
auricular  nerve  pierce  the  gland  to  join  the  facial,  while  the  auriculotemporal  nerve 
issues  from  the  upper  part  of  the  gland. 

The  parotid  duct  (ductus  parotideus;  Stensen’s  duct)  is  about  7  cm.  long.  It 
begins  by  numerous  branches  from  the  anterior  part  of  the  gland,  crosses  the  Masse¬ 
ter,  and  at  the  anterior  border  of  this  muscle  turns  inward  nearly  at  a  right  angle, 
passes  through  the  corpus  adiposum  of  the  cheek  and  pierces  the  Buccinator;  it 
then  runs  for  a  short  distance  obliquely  forward  between  the  Buccinator  and  mucous 
membrane  of  the  mouth,  and  opens  upon  the  oral  surface  of  the  cheek  by  a  small 
orifice,  opposite  the  second  upper  molar  tooth.  While  crossing  the  Masseter, 
it  receives  the  duct  of  the  accessory  portion;  in  this  position  it  lies  between  the 
branches  of  the  facial  nerve;  the  accessory  part  of  the  gland  and  the  transverse 
facial  artery  are  above  it. 

Structure. — The  parotid  duct  is  dense,  its  wall  being  of  considerable  thickness;  its  canal  is 
about  the  size  of  a  crow-quill,  but  at  its  orifice  on  the  oral  surface  of  the  cheek  its  lumen  is 
greatly  reduced  in  size.  It  consists  of  a  thick  external  fibrous  coat  which  contains  contractile 
fibers,  and  of  an  internal  or  mucous  coat  lined  with  short  columnar  epithelium. 

Vessels  and  Nenres. — The  arteries  supplying  the  parotid  gland  are  derived  from  the  external 
carotid,  and  from  the  branches  given  off  by  that  vessel  in  or  near  its  substance.  The  veins 
empty  themselves  into  the  external  jugular,  through  some  of  its  tributaries.  The  lymphatics 
end  in  the  superficial  and  deep  cervical  lymph  glands,  passing  in  their  course  through  two  or 
three  glands,  placed  on  the  surface  and  in  the  substance  of  the  parotid.  The  nenres  are  derived 
from  the  plexus  of  the  sympathetic  on  the  external  carotid  artery,  the  facial,  the  auriculotem¬ 
poral,  and  the  great  auricular  nerves.  It  is  probable  that  the  branch  from  the  auriculotemporal 
nerve  is  derived  from  the  glossopharyngeal  through  the  otic  ganglion.  At  all  events,  in  some  of 
the  lower  animals  this  has  been  proved  experimentally  to  be  the  case. 


spiASCH.sormY 


SufcmaxilUry  Gland  f gin ndvkt  .v uboiaj-i/lu risi .  - Ti te  submaxiliary  glAnd  iFijs 
ini'),!  i.%  irregular  in  form  arid  about  the  size  of  a  walnut.  A  considerable  pah  «f 
it.  i?:i  situated  in  the  .submigxillary  triangle,  reaching'  forward  to  the  Anterior  M) 
of  t ho.  OiscHstHeus  and  backward  to  the  stvlomanrliioilar  ligament,  winch  inwi- 
vgnes  between  it  amd  the  parotid  gland.  Above,-  it  extends  under  cover  of  the 
body  of  the  mandible;  below,  it  usually  overlaps  the  intermediate  tendon  af 
the  i.iiga-U.rit’Us  and  the  insertion  or  the  Styiohyoidcny  white  from  its  deep  surface 
a  Pingu.e*Jike  Mylohyokleus  muscle, 

'Its  superficial  surface  consists; '  of  ho  upper  and  a  tower  part.  The  tipper  pat 
is  directed  outward,  and  lies  partly  against  the  suhmaxillary  depression  on  the . 
inner  surface pt  tlift body  x>f  the  mandible,  apd  partly  <>«  the  P*eryg*>»de!u$.  Hftetsiiw 
The  lower  part  is  directed  downward  and  outward,  and  is  covered  by  ttir  skifi. 

crossed  by  the  anterior 


-  deep  cefy'idil^«^if 
facial  vein  and  by  fihtrnents  nf  the  facial  nerve;  in  contact  with  it,- hear  the  mandible, 
are  the  sutuanyiilftrv  lymph  glands. 


-Diwf**etiot)f  B.hrv«riiig  Sniivftry  glands  of  ri/jhk 


Stylohyoideus.  and  posterior  belly  of  the  Digastricus;  in  contact  with  it  are  the 
mylohyoid  nerve  and  the  mylohyoid  and,- submental  vessels 

The  external  maxillary'  artery  is  imbedded  in  »  groove  id  the .  fmstenur  bfldtr 
of  the  gland 

n?e  d«pp  process  of  .the  gland  extends  forward  between  tlie.  Jslylohynidests 
below  and  externally,  and  the  Hypglossus  ami  0tylo^iof^«s  interpally;  al^es. 
it  is  the  lingual  u-rve  and  submaxillary  ganglion,:  below  it  the  hypoglossal  nen'c 
and  its  accompanying  vein. 

The  aubmajctllary  duct  (dwtij*:*rimttiirilfo<rii<:  H  'iu.irt<myg  duel)  is  about  5  cm.  long, 
and  its  wall  is'iuueU  thinner  than  that  of  the  parotid  duet.  It  begins  by  numerous 
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branches  from  the  deep  surface  of  the  gland,  and  runs  forward  between  the  Mylo- 
hyoideus  and  the  Hyoglossus  and  Genioglossus,  then  between  the  sublingual 
gland  and  the  Genioglossus,  and  opens  by  a  narrow  orifice  on  the  summit  of  a  small 
papilla,  at  the  side  of  the  frenulum  lingua;.  On  the  Hyoglossus  it  lies  between  the 
lingual  and  hypoglossal  nerves,  but  at  the  anterior  border  of  the  muscle  it  is  crossed 
laterally  by  the  lingual  nerve;  the  terminal  branches  of  the  lingual  nerve  ascend 
on  its  medial  side. 

Vessels  and  Nerves. — The  arteries  supplying  the  submaxillary  gland  are  branches  of  the 
external  maxillary  and  lingual.  Its  veins  follow  the  course  of  the  arteries.  The  nerves  are 
derived  from  the  submaxillary  ganglion,  through  which  it  receives  filaments  from  the  chorda 
tympani  of  the  facial  nerve  and  the  lingual  branch  of  the  mandibular,  sometimes  from  the 
mylohyoid  branch  of  the  inferior  alveolar,  and  from  the  sympathetic. 

Sublingual  Gland  {glandula  sublingualis). — The  sublingual  gland  (Fig.  1044)  is  the 
smallest  of  the  three  glands.  It  is  situated  beneath  the  mucous  membrane  of 
the  floor  of  the  mouth,  at  the  side  of  the  frenulum  linguae,  in  contact  with  the 
sublingual  depression  on  the  inner  surface  of  the  mandible,  close  to  the  symphysis. 
It  is  narrow,  flattened,  shaped  somewrhat  like  an  almond,  and  weighs  nearly  2  gm. 
It  is  in  relation,  above ,  with  the  mucous  membrane;  below ,  with  the  Mylohyoideus; 
behind ,  with  the  deep  part  of  the  submaxillary  gland;  laterally ,  with  the  mandible; 
and  medially ,  with  the  Genioglossus,  from  which  it  is  separated  by  the  lingual  nerve 
and  the  submaxillary  duct.  Its  excretory  ducts  are  from  eight  to  twenty  in 
number.  Of  the  smaller  sublingual  ducts  {ducts  of  Rivinus ),  some  join  the  sub¬ 
maxillary  duct;  others  open  separately  into  the  mouth,  on  the  elevated  crest  of 
mucous  membrane  ( plica  sublingualis ),  caused  by  the  projection  of  the  gland,  on 
either  side  of  the  frenulum  linguae.  One  or  more  join  to  form  the  larger  sublingual 
duct  {duct  of  Bartholin ),  which  opens  into  the  submaxillary  duct. 

Vessels  and  Nerves. — The  sublingual  gland  is  supplied  with  blood  from  the  sublingual  and 
submental  arteries.  Its  nerves  are  derived  from  the  lingual,  the  chorda  tympani,  and  the 
sympathetic. 

Structure  of  the  Salivary  Glands. — The  salivary  glands  are  compound  racemose  glands, 
consisting  of  numerous  lobes,  which  are  made  up  of  smaller  lobules,  connected  together  by 
dense  areolar  tissue,  vessels,  and  ducts.  Each  lobule  consists  of  the  ramifications  of  a  single 
duct,  the  branches  ending  in  dilated  ends  or  alveoli  on  which  the  capillaries  are  distributed. 
The  alveoli  are  enclosed  by  a  basement  membrane,  which  is  continuous  with  the  membrana 
propria  of  the  duct  and  consists  of  a  net-work  of  branched  and  flattened  nucleated  cells. 

The  alveoli  of  the  salivary  glands  are  of  two  kinds,  which  differ  in  the  appearance  of  their 
secreting  cells,  in  their  size,  and  in  the  nature  of  their  secretion.  (1)  The  mucous  variety  secretes 
a  viscid  fluid,  which  contains  mucin;  (2)  the  serous  variety  secretes  a  thinner  and  more  watery 
fluid.  The  sublingual  gland  consists  of  mucous,  the  parotid  of  serous  alveoli.  The  submaxillary 
contains  both  mucous  and  serous  alveoli,  the  latter,  however,  preponderating. 

The  cells  in  the  mucous  alveoli  are  columnar  in  shape.  In  the  fresh  condition  they  contain 
large  granules  of  mucinogen.  In  hardened  preparations  a  delicate  protoplasmic  net-work  is  seen, 
and  the  cells  are  clear  and  transparent.  The  nucleus  is  usually  situated  near  the  basement 
membrane,  and  is  flattened. 

In  some  alveoli  are  seen  peculiar  crescentic  bodies,  lying  between  the  cells  and  the  mem¬ 
brana  propria.  They  are  termed  the  crescents  of  Gianusxi,  or  the  demilunes  of  Heidenhain 
(Fig.  1045).  and  are  composed  of  polyhedral  granular  cells,  which  Heidenhain  regards  as  young 
epithelial  cells  destined  to  supply  the  place  of  those  salivary  cells  which  have  undergone 
disintegration.  This  view,  however,  is  not  accepted  by  Klein.  Fine  canaliculi  pass  between 
the  mucus-secreting  cells  to  reach  the  demilunes  and  even  penetrate  the  cells  forming  these 
structures. 

In  the  Borons  alveoli  the  cells  almost  completely  fill  the  cavity,  so  that  there  is  hardly  any 
lumen  perceptible;  they  contain  secretory  granules  imbedded  in  a  closely  reticulated  protoplasm 
(Fig.  1046),  The  cells  are  more  cubical  than  those  of  the  mucous  type;  the  nucleus  of  each  is 
spherical  and  placed  near  the  center  of  the  cell,  and  the  granules  are  smaller. 

Both  mucous  and  serous  cells  vary  in  appearance  according  to  whether  the  gland  is  in  a  resting 
condition  or  has  been  recently  active.  In  the  former  case  the  cells  are  large  and  contain  many 
secretory  granules;  in  the  latter  case  they  are  shrunken  and  contain  few  granules,  chiefly  collected 
at  the  inner  ends  of  the  cells.  The  granules  are  best  seen  in  fresh  preparations. 
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.  ^  dpts  wc  tm^d  at  I, hen- origin  i,x  epithelium  which  «Ufr«»  little  from  the 
Aa.  jeUmg*  to  the  ^oltouar  type*  aM  ike 

ihe  pimmvm  k  toety 

The  Jptml&  ijr  th z  mivwry  piwd*  *rc  richly  applied  with  blo^v-^te  whh 
D€ivsvr»r^  .m  the HiU'mlywUur ■&$%&&:'  J*m*\ plextma  of  tiervee  Are  also  found  in 
•  -.Tbs  r.etvtf  ftbriid ■  fwitu*  fhe  ba^^t  membnme  oTtas  aWli  - 
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a  collect 


ion  of  norvje  cells  termed  L&&gfo?rs  ganglion. 
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tttbl}©  l<rU  &  of 


Accessory  Ohknds.-— Besiiks  <!)•?  tfiHviatf  glands  ittoper,  numerous  other  glands  ur  Jim& 
in  the  mouth.  Many  of  these  gland*  iirefauad  at  the postUri'iir  part  erf  the  donum  til  the  wag* 
hfehShd  the  vallat*  papiUte, and  also  along  its  margins  sa  fin  forward  as  the  *pe,v  Ollxar*  IV 
around  and  in  the  palatine  ton*H  b^r^een  (ta  <5fypu,  and  large  numbers  an>  present  in  the  *sh 
palate,  the  lips,  and  chunk*,  These  glands  are  of  t  he  same  structure  as  the  larger  sdivarv  (flares, 
and  »re  of.  the  mucous  or  mixed  tjipe. 


THE  FAUCES. 

The  aperture  by  which  the  mouth  communicates  with  the  pharynx  is  cafltA 
the  isthmus  taueium.  it  is  bounded ,  above,  by  the  soft  palate;  Mow.  by  tbeder- ■  • 
of  the  tongue;  and  cn  either  side,  by  the  glosStjpBlfltioe  arch. 

The  fflosaopalatine  arch  (arm*  qlmmpalatihu#;  miferhr  pillar  of  faun*  on  §Hjj| 
side  ruittS  dibvvjjwahi  i  latefsdw^rdVAndTorward  tt*  the  side  bf  the  base  of  the. tongas, 
and  is  formed  by  the  projection  of  the  Glossopalatinus  with  its  covering  uxtKVta 
membrane. 

Tlie  phalrjrngispftlatiaB  arch  (drew  pkaryn’jdpalaliwus:  posterior  pillar  of  ftniee*  h' 
larger  and  projects  farther  toward  tJte'middie  line  than  the  anterior;  it  runs  down* 
latet^whrd,  and  h«$c||0^i*t  the  side  of  the  pharynx,  and  is  formed  by  the 
projei.'tioB  df  the  Pharyngopatalimis,  t-o vered  by  mucous  membrane.  On  either  side 
the';twp;ari!ims  are  separated  iwldw  by  a  triangular  interval,  in  which  the  palatine* 
tonsil  h  lodged’, 

The  Palatine  Tonsils  [ioasillw  pdfalinet:  tonsil)  art*  two  prominent  tuasser  situated 
tme  on  cither  side  between  she  glaSsopalatine  and  phivryngopalatine  arches.  Each 
tonsil  consists fu ndamcntally  '4'  eu  aggregation  of  lymphoid  tissue  underlying 
the  mucous  membrane  between  the  palatine  arches.  The  ivinptn  >td  mass,  however. 


t he  palatine  arches.  The  lymphoid 
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does  not  completely  fill  the  interval  between  the  two  arches,  so  that  a  small  depres¬ 
sion,  the  supratonsillar  fossa,  exists  at  the  upper  part  of  the  interval.  Further, 
the  tonsil  extends  for  a  variable  distance  under  cover  of  the  glossopalatine  arch, 
and  is  here  covered  by  a  reduplication  of  mucous  membrane;  the  upper  part  of  this 
fold  reaches  across  the  supratonsillar  fossa,  between  the  two  arches,  as  a  thin 
fold  sometimes  termed  the  plica  semilunaris;  the  remainder  of  the  fold  is  called  the 
plica  triangularis.  Between  the  plica  triangularis  and  the  surface  of  the  tonsil  is 
a  space  known  as  the  tonsillar  sinus;  in  many  cases,  however,  this  sinus  is  obliterated 
by  its  walls  becoming  adherent.  From  this  description  it  will  be  apparent  that  a 
portion  of  the  tonsil  is  below  the  level  of  the  surrounding  mucous  membrane,  i.  e.,  is 
imbedded,  while  the  remainder  projects  as  the  visible  tonsil.  In  the  child  the 
tonsils  are  relatively  (and  frequently  absolutely)  larger  than  in  the  adult,  and  about 
one-third  of  the  tonsil  is  imbedded.  After  puberty  the  imbedded  portion  diminishes 
considerably  in  size  and  the  tonsil  assumes  a  disk-like  form,  flattened  from  side 
to  side;  the  shape  and  size  of  the  tonsil,  however,  vary  considerably  in  different 
individuals. 


Ftflf.  1047.;— Sectiou  through  on©  of  the  crypts  of  the  tonsil.  (St6hr.)  Magnified.  Stratified  epithelium  of  general 
eurface,  continued  into  crypt.  /,  /.  Nodule*  of  lymphoid  tiisaue — opposite  each  nodule  number*  of  lymph  ceils  are 
paarung  into  or  through  the  epithelium.  9,  »,  Celia  which  have  thus  escaped  to  mix  with  the  saliva  as  salivary  corpuscles. 

The  medial  surface  of  the  tonsil  is  free  except  anteriorly,  where  it  is  covered  by 
the  plica  triangularis;  it  presents  from  twelve  to  fifteen  orifices  leading  into  small 
crypts  or  recesses  from  wdiich  numerous  follicles  branch  out  into  the  tonsillar 
substance. 

The  lateral  or  deep  surface  is  adherent  to  a  fibrous  capsule  which  is  continued 
into  the  plica  triangularis.  It  is  separated  from  the  inner  surface  of  the  Constrictor 
pharyngis  superior  usually  by  some  loose  connective  tissue;  this  muscle  intervenes 
between  the  tonsil  and  the  external  maxillary  artery  with  its  tonsillar  and  ascend¬ 
ing  palatine  branches.  The  internal  carotid  artery  lies  behind  and  lateral  to  the 
tonsil  at  a  distance  of  20  to  25  mm.  from  it. 

The  tonsils  form  part  of  a  circular  band  of  adenoid  tissue  which  guards  the 
opening  into  the  digestive  and  respiratory  tubes.  The  anterior  part  of  the  ring 
is  formed  by  the  submucous  adenoid  collections  (lingual  tonsil)  on  the  posterior 
part  of  the  tongue;  the  lateral  portions  consist  of  the  palatine  tonsils  and  the  ade- 
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noid  collections  in  the  vicinity  of  the  auditory  tubes,  while  the  ring  is  completed 
behind  by  the  pharyngeal  tonsil  on  the  posterior  wall  of  the  pharynx.  In  the 
intervals  between  these  main  masses  are  smaller  collections  of  adenoid  tissue. 

Structure  (Fig.  1047). — The  follicles  of  the  tonsil  are  lined  by  a  continuation  of  the  mucous 
membrane  of  the  pharynx,  covered  with  stratified  squamous  epithelium;  around  each  follicle 
is  a  layer  of  closed  capsules  consisting  of  lymphoid  tissue  imbedded  in  the  submucous  tissue. 
Lymph  corpuscles  are  found  in  large  numbers  invading  the  stratified  epithelium.  It  is  probable 
that  they  pass  into  the  mouth  and  form  the  so-called  salivary  corpuscles.  Surrounding  each 
follicle  is  a  close  plexus  of  lymphatics,  from  which  the  lymphatic  vessels  pass  to  the  deep  cervical 
glands  in  the  neighborhood  of  the  greater  cornu  of  the  hyoid  bone,  behind  and  below  the  angle 
of  the  mandible. 

Vessels  and  Nerves. — The  arteries  supplying  the  tonsil  are  the  dorsalis  lingua*  from  the 
lingual,  the  ascending  palatine  and  tonsillar  from  the  external  maxillary,  the  ascending  pharyn¬ 
geal  from  the  external  carotid,  the  descending  palatine  branch  of  the  internal  maxillary,  and  a 
twig  from  the  small  meningeal. 

The  veins  end  in  the  tonsillar  plexus,  on  the  lateral  side  of  the  tonsil. 

The  nerves  are  derived  from  the  sphenopalatine  ganglion,  and  from  the  glossopharyngeal. 

Palatine  Aponeurosis. — Attached  to  the  posterior  border  of  the  hard  palate  is 
a  thin,  firm  fibrous  lamella  which  supports  the  muscles  and  gives  strength  to  the 
soft  palate.  It  is  thicker  above  than  below,  where  it  becomes  very  thin  and  difficult 
to  define.  Laterally  it  is  continuous  with  the  pharyngeal  aponeurosis. 

Muscles  of  the  Palate. — The  muscles  of  the  palate  (Fig.  1048)  are: 

Levator  veli  palatini.  Glossopalatinus. 

Tensor  veli  palatini.  Pharyngopalatinus. 

Musculus  uvulae. 

The  Levator  veli  palatini  ( Levator  palati )  is  a  thick,  rounded  muscle  situated 
lateral  to  the  choanae.  It  arises  from  the  under  surface  of  the  apex  of  the  petrous 
part  of  the  temporal  bone  and  from  the  medial  lamina  of  the  cartilage  of  the  audi¬ 
tory  tube.  After  passing  above  the  upper  concave  margin  of  the  Constrictor 
pharyngis  superior  it  spreads  out  in  the  palatine  velum,  its  fibers  extending 
obliquely  downward  and  medialward  to  the  middle  line,  where  they  blend  with 
those  of  the  opposite  side. 

The  Tensor  veli  palatini  ( Tensor  palati)  is  a  broad,  thin,  ribbon-like  muscle 
placed  lateral  to  the  Levator  veli  palatini.  It  arises  by  a  flat  lamella  from  the 
scaphoid  fossa  at  the  base  of  the  medial  pterygoid  plate,  from  the  spina  angularis 
of  the  sphenoid  and  from  the  lateral  wall  of  the  cartilage  of  the  auditor}'  tube. 
Descending  vertically  between  the  medial  pterygoid  plate  and  the  Pterygoideus 
internus  it  ends  in  a  tendon  which  winds  around  the  pterygoid  hamulus,  being 
retained  in  this  situation  by  some  of  the  fibers  of  origin  of  the  Pterygoideus  internus. 
Between  the  tendon  and  the  hamulus  is  a  small  bursa.  The  tendon  then  passes 
medialward  and  is  inserted  into  the  palatine  aponeurosis  and  into  the  surface 
behind  the  transverse  ridge  on  the  horizontal  part  of  the  palatine  bone. 

The  Musculus  uvulae  ( Azygos  umilce)  arises  from  the  posterior  nasal  spine  of 
the  palatine  bones  and  from  the  palatine  aponeurosis;  it  descends  to  be  inserted 
into  the  uvula. 

The  Glossopalatinus  ( Palatoglossvs )  is  a  small  fleshy  fasciculus,  narrower  in 
the  middle  than  at  either  end,  forming,  with  the  mucous  membrane  covering 
its  surface,  the  glossopalatine  arch.  It  arises  from  the  anterior  surface  of  the 
soft  palate,  where  it  is  continuous  with  the  muscle  of  the  opposite  side,  and  passing 
downward,  forward,  and  lateralward  in  front  of  the  palatine  tonsil,  is  inserted 
into  the  side  of  the  tongue,  some  of  its  fibers  spreading  over  the  dorsum,  and 
others  passing  deeply  into  the  substance  of  the  organ  to  intermingle  with  the 
Transversus  linguae. 

The  Pharyngopalatinus  ( Palatopharyngevs )  is  a  long,  fleshy  fasciculus  narrower 
in  the  middle  than  at  either  end,  forming,  with  the  mucous  membrane  covering 
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its  surface,  the  pharyngopalatine  arch.  It  is  separated  from  the  Glossopalatinus 
bv  an  angular  interval,  in  which  the  palatine  tonsil  is  lodged.  It  arises  from  the 
soft  palate,  where  it  is  divided  into  two  fasciculi  by  the  Levator  veli  palatini  and 
Museulus  uvula?.  The  posterior  fasciculus  lies  in  contact  with  the  mucous  mem¬ 
brane,  and  joins  with  that  of  the  opposite  muscle  in  the  middle  line;  the  anterior 
fasciculus,  the  thicker,  lies  in  the  soft  palate  between  the  Levator  and  Tensor, 
and  joins  in  the  middle  line  the  corresponding  part  of  the  opposite  muscle.  Passing 
lateral  ward  and  downward  behind  the  palatine  tonsil,  the  Pharyngopalatinus 
joins  the  Stylopharyngeus,  and  is  inserted  with  that  muscle  into  the  posterior 
border  of  the  thyroid  cartilage,  some  of  its  fibers  being  lost  on  the  side  of  the 
pharynx  and  others  passing  across  the  middle  line  posteriorly,  to  decussate  with 
the  muscle  of  the  opposite  side. 


temporal 


\  £ev0(&r  vtit 

palatini 

~  r  Ptrnjyoid  haitmlus 
*~**i^~$f*J Utpkaryivjcw 

~  7  Stdpi  Hyfrpfo.o'ifnyztts 


M  Mentis  uwUb 


Entrance  to  larynx 


Flo.  1048.— Dissection  of  the  muscles  of  the  palate  from  behind, 


Nerves. — The  Tensor  veli  palatini  is  supplied  by  a  branch  of  the  fifth  cranial  nerve:  tne  remain¬ 
ing  muscles  of  this  group  are  in  all  probability  supplied  by  the  bulbar  portion  of  the  accessory 
nerve  through  the  pharyngeal  plexus.1 

Actions. — During  the  first  stage  of  deglutition,  the  bolus  of  food  is  driven  back  into  the  fauces 
by  the  pressure  of  the  tongue  against  the  hard  palate,  the  base  of  the  tongue  being,  at  the  same 
time,  retracted,  and  the  larynx  raised  with  the  pharynx.  During  the  second  stage  the  entrance 
to  the  larynx  is  closed  by  the  drawing  forward  of  the  arytenoid  cartilages  toward  the  cushion 

i  “The  Innervation  of  the  Boh  Palate,'*  by  Akiren  Turner,  Journal  of  Anatomy  and  Physiology,  23,  523.  The  lnnerv' 
atioo  of  the  Tensor  Veli  Palatini  Muscles,  A.  K.  Rich,  Johns  Hopkins  Hasp  Bulb,  J920.  vol,  31. 
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ot  the  epiglottis — a  movement  produced  by  the  contraction  of  the  Thyreoarytaenoidei,  the 
Arytsenoidei,  and  the  Arytsenoepiglottidei. 

After  leaving  the  tongue  the  bolus  passes  on  to  the  posterior  or  laryngeal  surface  of  the  epi¬ 
glottis,  and  glides  along  this  for  a  certain  distance;  then  the  Glossopalatini,  the  constrictors  of 
the  fauces,  contract  behind  it;  the  palatine  velum  is  slightly  raised  by  the  Levator  veli  palatini, 
and  made  tense  by  the  Tensor  veli  palatini;  and  the  Pharyngopalatini,  by  their  contraction, 
pull  the  pharynx  upward  over  the  bolus,  and  come  nearly  together,  the  uvula  filling  up  the 
slight  interval  between  them.  By  these  means  the  food  is  prevented  from  passing  into  the  nasal 
part  of  the  pharynx;  at  the  same  time,  the  Pharyngopalatini  form  an  inclined  plane,  directed 
obliquely  downward  and  backward  along  the  under  surface  of  which  the  bolus  descends  into 
the  lower  part  of  the  pharynx.  The  Salpingopharyngei  raise  the  upper  and  lateral  parts  of  the 
pharynx — i.  e.,  those  parts  which  are  above  the  points  where  the  Stylopharyngei  are  attached 
to  the  pharynx. 

Mucous  Membrane. — The  mucous  membrane  of  the  soft  palate  is  thin,  and  covered  with  strati¬ 
fied  squamous  epithelium  on  both  surfaces,  excepting  near  the  pharyngeal  ostium  of  the  auditory 
tube,  where  it  is  columnar  and  ciliated.  According  to  Klein,  the  mucous  membrane  on  the 
nasal  surface  of  the  soft  palate  in  the  fetus  is  covered  throughout  by  columnar  ciliated  epithelium, 
which  subsequently  becomes  squamous;  some  anatomists  state  that  it  is  covered  with  columnar 
ciliated  epithelium,  except  at  its  free  margin,  throughout  life.  Beneath  the  mucous  membrane 
on  the  oral  surface  of  the  soft  palate  is  a  considerable  amount  of  adenoid  tissue.  The  palatine 
glands  form  a  continuous  layer  on  its  posterior  surface  and  around  the  uvula. 

Vessels  and  Nerves. — The  arteries  supplying  the  palate  are  the  descending  palatine  branch 
of  the  internal  maxillary,  the  ascending  palatine  branch  of  the  external  maxillary,  and  the  pala¬ 
tine  branch  of  the  ascending  pharyngeal.  The  veins  end  chiefly  in  the  pterygoid  and  tonsillar 
plexuses.  The  lymphatic  vessels  pass  to  the  deep  cervical  glands.  The  sensory  nerves  are 
derived  from  the  palatine  and  nasopalatine  nerves  and  from  the  glossopharyngeal. 

THE  PHARYNX. 

The  pharynx  is  that  part  of  the  digestive  tube  which  is  placed  behind  the  nasal 
cavities,  mouth,  and  larynx.  It  is  a  musculomembranous  tube,  somewhat  conical 
in  form,  with  the  base  upward,  and  the  apex  downward,  extending  from  the  under 
surface  of  the  skull  to  the  level  of  the  cricoid  cartilage  in  front,  and  that  of  the 
sixth  cervical  vertebra  behind. 

The  cavity  of  the  pharynx  is  about  12.5  cm.  long,  and  broader  in  the  transverse 
than  in  the  antero-posterior  diameter.  Its  greatest  breadth  is  immediately  below 
the  base  of  the  skull,  where  it  projects  on  either  side,  behind  the  pharyngeal  ostium 
of  the  auditory  tube,  as  the  pharyngeal  recess  (fossa  of  Rosenmvller) ;  its  narrowest 
point  is  at  its  termination  in  the  esophagus.  It  is  limited,  above ,  by  the  body 
of  the  sphenoid  and  basilar  part  of  the  occipital  bone;  below ,  it  is  continuous  with 
the  esophagus;  posteriorly ,  it  is  connected  by  loose  areolar  tissue  with  the  cervical 
portion  of  the  vertebral  column,  and  the  prevertebral  fascia  covering  the  Longus 
colli  and  Longus  capitis  muscles;  anteriorly ,  it  is  incomplete,  and  is  attached  in 
succession  to  the  medial  pterygoid,  plate,  pterygomandibular  raph£,  mandible, 
tongue,  hyoid  bone,  and  thyroid  and  cricoid  cartilages;  laterally ,  it  is  connected  to 
the  styloid  processes  and  their  muscles,  and  is  in  contact  with  the  common  and 
internal  carotid  arteries,  the  internal  jugular  veins,  the  glossopharyngeal,  vagus, 
and  hypoglossal  nerves,  and  the  sympathetic  trunks,  and  above  with  small  parts 
of  the  Pterygoidei  interni.  Seven  cavities  communicate  with  it,  viz.,  the  two 
nasal  cavities,  the  two  tympanic  cavities,  the  mouth,  the  larynx,  and  the  esophagus. 
The  cavity  of  the  pharynx  may  be  subdivided  from  above  downward  into  three 
parts:  nasal,  oral,  and  laryngeal  (Fig.  1014). 

The  Nasal  Part  of  the  Pharynx  (pars  nasalis  pharyngis;  nasopharynx)  lies  behind 
the  nose  and  above  the  level  of  the  soft  palate:  it  differs  from  the  oral  and  laryn¬ 
geal  parts  of  the  pharynx  in  that  its  cavity  always  remains  patent.  In  front  (Fig. 
1049)  it  communicates  through  the  choanee  with  the  nasal  cavities.  On  its  lateral 
wall  is  the  pharyngeal  ostium  of  the  auditory  tube,  somewhat  triangular  in  shape, 
and  bounded  behind  by  a  firm  prominence,  the  torus  or  cushion,  caused  by  the 
medial  end  of  the  cartilage  of  the  tube  which  elevates  the  mucous  membrane. 
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A  vertical  fold  of  mucous  membrane,  the  salpingopharyngeal  fold,  stretches  from 
the  lower  part  of  the  torus;  it  contains  the  Salpingopharyngeus  muscle.  A  second 
and  smaller  fold,  the  salpingopalatine  fold,  stretches  from  the  upper  part  of  the  torus 
to  the  palate.  Behind  the  ostium  of  the  auditory  tube  is  a  deep  recess,  the  pharyn¬ 
geal  recess  ( fossa  of  Rosemniiller) .  On  the  posterior  wall  is  a  prominence,  best 
marked  in  childhood,  produced  by  a  mass  of  lymphoid  tissue,  which  is  known  as  the 
pharyngeal  tonsil.  Above  the  pharyngeal  tonsil,  in  the  middle  line,  an  irregular 
flask-shaped  depression  of  the  mucous  membrane  sometimes  extends  up  as  far 
as  the  basilar  process  of  the  occipital  bone;  it  is  known  as  the  pharyngeal  bursa. 


Nasal  septum 


jW vial  conches 


Pharyngeal  recess 


Tom*  oj  auditory 
tube 


Pharyngeal  ostium  oj 
auditory  tube 

Fio.  1019  — Front  of  nasa  part  of  pharynx,  as  seen  with  the  laryngoscope. 


1  he  oral  Part  of  the  Pharynx  (pars  oralis  pharyngis)  reaches  from  the  soft  palate 
to  the  level  of  the  hyoid  bone.  It  opens  anteriorly,  through  the  isthmus  faueium, 
into  the  mouth,  while  in  its  lateral  wall,  between  the  two  palatine  arches,  is  the 

ilatine  tonsil. 

The  Laryngeal  Part  of  the  Pharynx  ( pars  laryngea  pharyngis)  reaches  from  the 
hyoid  bone  to  the  lower  border  of  the  cricoid  cartilage,  where  it  is  continuous  w  ith 
the  esophagus.  In  front  it  presents  the  triangular  entrance  of  the  larynx,  the  base 
of  w  hich  is  directed  forward  and  is  formed  by  the  epiglottis,  while  its  lateral  boun¬ 
daries  are  constituted  by  the  aryepiglottic  folds.  On  either  side  of  the  laryngeal 
orifice  is  a  recess,  termed  the  sinus  piriformis,  which  is  bounded  medially  by  the 
aryepiglottic  fold,  laterally  by  the  thyroid  cartilage  and  hyothyroid  membrane. 

Muscles  of  the  Pharynx. — The  muscles  of  the  pharynx  (Fig.  1050)  are; 


Constrictor  inferior. 
Constrictor  medius. 
Constrictor  superior. 


Stylopbaryngeus. 

Salpingopharyngeus. 

Pharyngopalatinus.1 


The  Constrictor  pharyngis  inferior  (Inferior constrictor)  (Figs.  1050, 1051),  the  thickest 
of  the  three  constrictors,  arises  from  the  sides  of  the  cricoid  and  thyroid  cartilage. 
From  the  cricoid  cartilage  it  arises  in  the  interval  between  the  Cricothyreoideus 
in  front,  and  the  articular  facet  for  the  inferior  cornu  of  the  thyroid  cartilage 
behind.  On  the  thyroid  cartilage  it  arises  from  the  oblique  line  on  the  side  of  the 
lamina,  from  the  surface  behind  this  nearly  as  far  as  the  posterior  border  and  from 
the  inferior  cornu.  From  these  origins  the  fibers  spread  backw  ard  and  mediahvard 
to  be  inserted  with  the  muscle  of  the  opposite  side  into  the  fibrous  rapM  in  the 


’The  Pharyngopalatious  is  described  with  the  muscles  of  the  palate  (p.  1148). 
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posterior  median:  line  of  'the  pharynx*  The  inferior  fibers  are  horizontal  ami  con- 

increasing  in 


tinuoux-with  the  cimtiai  fibers  of  the  esophagus;  the  rest  ascend 
oUHrjn.it v.  and  overlap  the  Constrictor  merlins. 
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Tile  Constrictor  pharyngis-  medium  (J/ jVWfc  mi&ricior)  (Figs.  1050,  10oi  «  is  a  fan- 
shaped  mu.sicle,  .’smaller  than  the  loereriing.  It  nn>#'«  from  the  whole  length  of  the 
upper  border  of  the  greater,  c«>nui  of  the  hyoid  hone,  from  the  lessor 'cornu,  and 
from  the  stjlttbyoid  lurameut.  .t  The  fibers  diverge  from  their  origin:  tkc^Jkmcr  om.-; 
descend  the  <r'nii^triett*r.  inferior,  tlie  middle  fibers  '.mid 

the  upjto -fibers  ^eend  mid  4y#lap  .'tjberiCcrBi^  1  t:h  irittzied  ixiio 
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the  posterior  median  fibrous  raphe,  blending  in  the  middle  line  with  the  muscle 
of  the  opposite  side. 

The  Constrictor  pharyngis  superior  ( Superior  constrictor)  (Figs.  1050,  1051)  is  a 
quadrilateral  muscle,  thinner  and  paler  than  the  other  two.  It  arises  from  the  lower 
third  of  the  posterior  margin  of  the  medial  pterygoid  plate  and  its  hamulus,  from 
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■Muscles  of  the  pharynx,  viewed  from  behind,  together  with  the  associated  vessels  and  nerves, 
(Modified  after  Testut  ) 


the  pterygomandibular  raphe,  from  the  alveolar  process  of  the  mandible  above 
the  posterior  end  of  the  mylohyoid  line,  ami  by  a  few  fibers  from  the  side  of  the 
tongue.  The  fibers  curve  backward  to  be  inserted  into  the  median  raphe,  being 
also  prolonged  by  means  of  an  aponeurosis  to  the  pharyngeal  spine  on  the  basilar 
part  of  the  occipital  bone.  The  superior  fibers  arch  beneath  the  Levator  veli 
palatini  and  the  auditory  tube.  The  interval  between  the  upper  border  of  the 
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muscle  and  the  base  of  the  skull  is  closed  by  the  pharyngeal  aponeurosis,  and  is 
known  as  the  sinus  of  Morgagni. 

The  Stylopharyngeus  (Fig.  1039)  is  a  long,  slender  muscle,  cylindrical  above, 
flattened  below.  It  arises  from  the  medial  side  of  the  base  of  the  styloid  process, 
passes  downward  along  the  side  of  the  pharynx  between  the  Constrictores  superior 
and  medius,  and  spreads  out  beneath  the  mucous  membrane.  Some  of  its  fibers 
are  lost  in  the  Constrictor  muscles,  while  others,  joining  with  the  Pharyngopalatinus, 
are  inserted  into  the  posterior  border  of  the  thyroid  cartilage.  The  glossopharyn¬ 
geal  nerve  runs  on  the  lateral  side  of  this  muscle,  and  crosses  over  it  to  reach  the 
tongue. 

The  S&lpingopharyngeus  (Fig.  1048)  arises  from  the  inferior  part  of  the  auditor}’ 
tube  near  its  orifice;  it  passes  downward  and  blends  with  the  posterior  fasciculus 
of  the  Pharyngopalatinus. 

Nerves. — The  Constrictores  and  Salpingopharyngeus  are  supplied  by  branches  from  the 
pharyngeal  plexus,  the  Constrictor  inferior  by  additional  branches  from  the  external  laryngeal 
and  recurrent  nerves,  and  the  Stylopharyngeus  by  the  glossopharyngeal  nerve. 

Actions. — When  deglutition  is  about  to  be  performed,  the  pharynx  is  drawn  upward  and 
dilated  in  different  directions,  to  receive  the  food  propelled  into  it  from  the  mouth.  TheStylo- 
pharyngei,  which  are  much  farther  removed  from  one  another  at  their  origin  than  at  their  inser¬ 
tion,  draw  the  sides  of  the  pharynx  upward  and  lateralward,  and  so  increase  its  transverse 
diameter;  its  breadth  in  the  antero-posterior  direction  is  increased  by  the  larynx  and  tongue 
being  carried  forward  in  their  ascent.  As  soon  as  the  bolus  of  food  is  received  in  the  pharynx, 
the  elevator  muscles  relax,  the  pharynx  descends,  and  the  Constrictores  contract  upon  the 
bolus,  and  convey  it  downward  into  the  esophagus. 

Structure. — The  pharynx  is  composed  of  three  coats:  mucous,  fibrous,  and  muscular. 

The  pharyngeal  aponeurosis,  or  fibrous  coat,  is  situated  between  the  mucous  and  muscular 
layers.  It  is  thick  above  where  the  muscular  fibers  are  wanting,  and  is  firmly  connected  to  the 
basilar  portion  of  the  occipital  and  the  petrous  portions  of  the  temporal  bones.  As  it  descend* 
it  diminishes  in  thickness,  and  is  gradually  lost.  It  is  strengthened  posteriorly  by  a  strong  fibrous 
band,  which  is  attached  above  to  the  pharyngeal  spine  on  the  under  surface  of  the  basilar  portion 
of  the  occipital  bone,  and  passes  downward,  forming  a  median  raphl,  which  gives  attachment 
to  the  Constrictores  pharyngis. 

The  mucous  coat  is  continuous  with  that  lining  the  auditory  tubes,  the  nasal  cavities,  the 
mouth,  and  the  larynx.  In  the  nasal  part  of  the  pharynx  it  is  covered  by  columnar  ciliated 
epithelium;  in  the  oral  and  laryngeal  portions  the  epithelium  is  stratified  squamous.  Beneath 
the  mucous  membrane  are  found  racemose  mucous  glands;  they  are  especially  numerous  at  the 
upper  part  <of  the  pharynx  around  the  orifices  of  the  auditory  tubes. 


THE  ESOPHAGUS  (Fig.  1052). 

The  esophagus  or  gullet  is  a  muscular  canal,  about  23  to  25  cm.  long,  extending 
from  the  pharynx  to  the  stomach.  It  begins  in  the  neck  at  the  lower  border  of 
the  cricoid  cartilage,  opposite  the  sixth  cervical  vertebra,  descends  along  the 
front  of  the  vertebral  column,  through  the  superior  and  posterior  mediastina, 
passes  through  the  diaphragm,  and,  entering  the  abdomen,  ends  at  the  cardiac 
orifice  of  the  stomach,  opposite  the  eleventh  thoracic  vertebra.  The  general  direc¬ 
tion  of  the  esophagus  is  vertical;  but  it  presents  two  slight  curves  in  its  course. 
At  its  commencement  it  is  placed  in  the  middle  line;  but  it  inclines  to  the  left  side 
as  far  as  the  root  of  the  neck,  gradually  passes  to  the  middle  line  again  at  the  level 
of  the  fifth  thoracic  vertebra,  and  finally  deviates  to  the  left  as  it  passes  forward 
to  the  esophageal  hiatus  in  the  diaphragm.  The  esophagus  also  presents 
antero-posterior  flexures  corresponding  to  the  curvatures  of  the  cervical  and 
thoracic  portions  of  the  vertebral  column.  It  is  the  narrowest  part  of  the  diges¬ 
tive  tube,  and  is  most  contracted  at  its  commencement,  and  at  the  point  where 
it  passes  through  the  diaphragm. 
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rehinon,  hi  f rani,  with  the  trachea;  tlie  left  bronchus,  the  pericardium,  and  the  diaphragm; 
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upvv&rvl  in  the  angle  t*otw'0enit  &pd  the  trachea  in  the  left  recurrent  nerve;  below,  it  is  in  relation 
with  the  ddscoh.dmg'’  thortfsk* -aorta.  fftt  it ^  righ  t  Me  air  the  right  pleura,  *od  the  a/ygos  vyin 
which  it  overlaps.  Below  the  toots- of  the  lungs  •  t hp \ vagj . •deftccjiid  m  clui^  coiit^t  with  it,  the 
rhghr  nerve  passing,  down  behind,,  and  the  left  oerw  uj  iroul  q!  h;  the  two  nerves  uniting  to 
bjrrtm  s  plexds  airtuftd  the  ttibe.  .  ;.v  ••• 


ucm 

MJL-VJOa  A  fl\ 

aflrtjuey 
vprr 

i  i  r- ▼  enow  c  ^  U  3  - 
•»HO»Vu‘U  OOffT-ify1.;: 

'  • •  • 

ntEVnA 


infa  c.*vi 


SPLANCHNOLOGY 


In  the  lower  part  qC  .  the"  '  •  the  thoracic*  duct  lies 
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of'.tte- '^Oph^fejiH;  higher  up,  -H  ixpkived  behindit)  stud/  crossing  about  the  level  oitjw  toils 
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Tlie  abdomen  is  the  largest  cavity  in  Ur-  hoiy.  It  is- of  an  ova!  shape,  tho^tn^- 
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cavity  extends  high  into  the  bony  thorax,  reaching  on  the  right  side,  in  the  mammary 
line,  to  the  upper  border  of  the  fifth  rib;  on  the  left  side  it  falls  below  this  level  by 
about  2.5  cm.  The  lower  extremity  is  formed  by  the  structures  which  clothe  the 
inner  surface  of  the  bony  pelvis,  principally  the  Levator  ani  and  Coccygeus  on 
either  side.  These  muscles  are  sometimes  termed  the  diaphragm  of  the  pelvis. 
The  cavity  is  wider  above  than  below,  and  measures  more  in  the  vertical  than  in 
the  transverse  diameter.  In  order  to  facilitate  description,  it  is  artificially  divided 
into  two  parts :  an  upper  and  larger  part,  the  abdomen  proper;  and  a  lower  and  smaller 
part,  the  pelvis.  These  two  cavities  are  not  separated  from  each  other,  but  the 
limit  between  them  is  marked  by  the  superior  aperture  of  the  lesser  pelvis. 

The  abdomen  proper  differs  from  the  other  great  cavities  of  the  body  in  being 
bounded  for  the  most  part  by  muscles  and  fasciae,  so  that  it  can  vary  in  capacity 
and  shape  according  to  the  condition  of  the  viscera  which  it  contains;  but,  in  addi¬ 
tion  to  this,  the  abdomen  varies  in  form  and  extent  with  age  and  sex.  In  the  adult 
male,  with  moderate  distension  of  the  viscera,  it  is  oval  in  shape,  but  at  the  same 
time  flattened  from  before  backward.  In  the  adult  female,  with  a  fully  developed 
pelvis,  it  is  ovoid  with  the  narrower  pole  upward,  and  in  young  children  it  is  also 
ovoid  but  with  the  narrower  pole  downward. 

Boundaries. — It  is  bounded  in  front  and  at  the  sides  by  the  abdominal  muscles 
and  the  Iliacus  muscles;  behind  by  the  vertebral  column  and  the  Psoas  and 
Quadratus  lumborum  muscles;  above  by  the  diaphragm;  below  by  the  plane  of 
the  superior  aperture  of  the  lesser  pelvis.  The  muscles  forming  the  boundaries 
of  the  cavity  are  lined  upon  their  inner  surfaces  by  a  layer  of  fascia. 

The  abdomen  contains  the  greater  part  of  the  digestive  tube;  some  of  the 
accessory  organs  to  digestion,  viz.,  the  liver  and  pancreas;  the  spleen,  the  kidneys, 
and  the  suprarenal  glands.  Most  of  these  structures,  as  well  as  the  wall  of  the 
cavity  in  which  they  are  contained,  are  more  or  less  covered  by  an  extensive  and 
complicated  serous  membrane,  the  peritoneum. 

The  Apertures  in  the  Walls  of  the  Abdomen. — The  apertures  in  the  walls  of  the 
abdomen,  for  the  transmission  of  structures  to  or  from  it,  are,  in  front,  the  umbilical 
(in  the  fetus),  for  the  transmission  of  the  umbilical  vessels,  the  allantois,  and  vitel¬ 
line  duct;  above,  the  vena  caval  opening,  for  the  transmission  of  the  inferior  vena 
cava,  the  aortic  hiatus,  for  the  passage  of  the  aorta,  azygos  vein,  and  thoracic  duct, 
and  the  esophageal  hiatus,  for  the  esophagus  and  vagi.  Below,  there  are  two 
apertures  on  either  side:  one  for  the  passage  of  the  femoral  vessels  and  lumbo- 
inguinal  nerve,  and  the  other  for  the  transmission  of  the  spermatic  cord  in  the  male, 
and  the  round  ligament  of  the  uterus  in  the  female. 

Regions. — For  convenience  of  description  of  the  viscera,  as  well  as  of  reference 
to  the  morbid  conditions  of  the  contained  parts,  the  abdomen  is  artificially  divided 
into  nine  regions  by  imaginary  planes,  two  horizontal  and  two  sagittal,  passing 
through  the  cavity,  the  edges  of  the  planes  being  indicated  by  lines  drawn  on  the 
surface  of  the  body.  Of  the  horizontal  planes  the  upper  or  transpyloric  is  indicated 
by  a  line  encircling  the  body  at  the  level  of  a  point  midway  between  the  jugular 
notch  and  the  symphysis  pubis,  the  lower  by  a  line  carried  around  the  trunk  at  the 
level  of  a  point  midway  between  the  transpyloric  and  the  symphysis  pubis.  The 
latter  is  practically  the  intertubercular  plane  of  Cunningham,  who  pointed  out1 
that  its  level  corresponds  with  the  prominent  and  easily  defined  tubercle  on  the 
iliac  crest  about  5  cm.  behind  the  anterior  superior  iliac  spine.  By  means  of  these 
imaginary  planes  the  abdomen  is  divided  into  three  zones,  which  are  named  from 
above  downward  the  subcostal,  umbilical,  and  hypogastric  zones.  Each  of  these  is 
further  subdivided  into  three  regions  by  the  two  sagittal  planes,  which  are  indi- 
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•Front  view  of  the  thoracic  and  abdominal  viscera. 
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cated  on  the  surface  by  lines  drawn  vertically  through  points  half-way  between 
the  anterior  superior  iliac  spines  and  the  symphysis  pubis.1 

The  middle  region  of  the  upper  zone  is  called  the  epigastric;  and  the  two  lateral 
regions,  the  right  and  left  hypochondriac.  The  central  region  of  the  middle  zone 
is  the  umbilical;  and  the  two  lateral  regions,  the  right  and  left  lumbar.  The  middle 
region  of  the  lower  zone  is  the  hypogastric  or  pubic  region;  and  the  lateral  regions 
are  the  right  and  left  iliac  or  inguinal  (Fig.  1054). 

The  pelvis  is  that  portion  of  the  abdominal  cavity  which  lies  below  and  behind 
a  plane  passing  through  the  promontory  of  the  sacrum,  linese  terminales  of  the 
hip  bones,  and  the  pubic  crests.  It  is  bounded  behind  by  the  sacrum,  coccyx, 
Piriformes,  and  the  sacrospinous  and  sacrotuberous  ligaments;  in  front  and 
laterally  by  the  pubes  and  ischia  and  Obturatores  interni;  above  it  communicates 
with  the  abdomen  proper;  below  it  is  closed  by  the  Levatores  ani  and  Coccygei  and 
the  urogenital  diaphragm.  The  pelvis  contains  the  urinary  bladder,  the  sigmoid 
colon  and  rectum,  a  few  coils  of  the  small  intestine,  and  some  of  the  generative 
organs. 

When  the  anterior  abdominal  wall  is  removed,  the  viscera  are  partly  exposed 
as  follows:  above  and  to  the  right  side  is  the  liver,  situated  chiefly  under  the  shelter 
of  the  right  ribs  and  their  cartilages,  but  extending  across  the  middle  line  and  reach¬ 
ing  for  some  distance  below  the  level  of  the  xiphoid  process.  To  the  left  of  the  liver 
is  the  stomach,  from  the  lower  border  of  which  an  apron-like  fold  of  peritoneum, 
the  greater  omentum,  descends  for  a  varying  distance,  and  obscures,  to  a  greater 
or  lesser  extent,  the  other  viscera.  Below  it,  however,  some  of  the  coils  of  the  small 
intestine  can  generally  be  seen,  while  in  the  right  and  left  iliac  regions  respectively 
the  cecum  and  the  iliac  colon  are  partly  exposed.  The  bladder  occupies  the  ante¬ 
rior  part  of  the  pelvis,  and,  if  distended,  will  project  above  the  symphysis  pubis; 
the  rectum  lies  in  the  concavity  of  the  sacrum,  but  is  usually  obscured  by  the  coils 
of  the  small  intestine.  The  sigmoid  colon  lies  between  the  rectum  and  the  bladder. 

When  the  stomach  is  followed  from  left  to  right  it  is  seen  to  be  continuous  with 
the  first  part  of  the  small  intestine,  or  duodenum,  the  point  of  continuity  being 
marked  by  a  thickened  ring  which  indicates  the  position  of  the  pyloric  valve. 
The  duodenum  passes  toward  the  under  surface  of  the  liver,  and  then,  curving 
downward,  is  lost  to  sight.  If,  however,  the  greater  omentum  be  thrown  upward 
over  the  chest,  the  inferior  part  of  the  duodenum  will  be  observed  passing  across 
the  vertebral  column  toward  the  left  side,  where  it  becomes  continuous  with  the 
coils  of  the  jejunum  and  ileum.  These  measure  some  6  meters  in  length,  and  if 
followed  downward  the  ileum  will  be  seen  to  end  in  the  right  iliac  fossa  by  opening 
into  the  cecum,  the  commencement  of  the  large  intestine.  From  the  cecum  the 
large  intestine  takes  an  arched  course,  passing  at  first  upward  on  the  right  side, 
then  across  the  middle  line  and  downward  on  the  left  side,  and  forming  respectively 
the  ascending  transverse,  and  descending  parts  of  the  colon.  In  the  pelvis  it 
assumes  the  form  of  a  loop,  the  sigmoid  colon,  and  ends  in  the  rectum. 

The  spleen  lies  behind  the  stomach  in  the  left  hypochondriac  region,  and  may 
be  in  part  exposed  by  pulling  the  stomach  over  toward  the  right  side. 

The  glistening  appearance  of  the  deep  surface  of  the  abdominal  wall  and  of  the 
surfaces  of  the  exposed  viscera  is  due  to  the  fact  that  the  former  is  lined,  and  the 
latter  are  more  or  less  completely  covered,  by  a  serous  membrane,  the  peritoneum. 

The  Peritoneum  (Tunica  Serosa). 

The  peritoneum  is  the  largest  serous  membrane  in  the  body,  and  consists,  in  the 
male,  of  a  closed  sac,  a  part  of  which  is  applied  against  the  abdominal  parietes, 
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while  the  remainder  is  reflected  over  the  contained  viscera.  In  the  female  the 
peritoneum  is  not  a  closed  sac,  since  the  free  ends  of  the  uterine  tubes  open  directly 
into  the  peritoneal  cavity.  The  part  which  lines  the  parietes  is  named  the  parietal 
portion  of  the  peritoneum;  that  which  is  reflected  over  the  contained  viscera  con¬ 
stitutes  the  visceral  portion  of  the  peritoneum.  The  free  surface  of  the  membrane 
is  smooth,  covered  by  a  layer  of  flattened  mesothelium,  and  lubricated  by  a  small 
quantity  of  serous  fluid.  Hence  the  viscera  can  glide  freely  against  the  wall  of  the 
cavity  or  upon  one  another  with  the  least  possible  amount  of  friction.  The  attached 
surface  is  rough,  being  connected  to  the  viscera  and  inner  surface  of  the  parietes  by 
means  of  areolar  tissue,  termed  the  subserous  areolar  tissue.  The  parietal  portion 
is  loosely  connected  with  the  fascial  lining  of  the  abdomen  and  pelvis,  but  is  more 
closely  adherent  to  the  under  surface  of  the  diaphragm,  and  also  in  the  middle 
line  of  the  abdomen. 

The  space  between  the  parietal  and  visceral  layers  of  the  peritoneum  is  named 
the  peritoneal  cavity;  but  under  normal  conditions  this  cavity  is  merely  a  potential 
one,  since  the  parietal  and  visceral  layers  are  in  contact.  The  peritoneal  cavity 
gives  off  a  large  diverticulum,  the  omental  bursa,  which  is  situated  behind  the 
stomach  and  adjoining  structures;  the  neck  of  communication  between  the  cavity 
and  the  bursa  is  termed  the  epiploic  foramen  ( foramen  of  Winslow).  Formerly  the 
main  portion  of  the  cavity  was  described  as  the  greater,  and  the  omental  bursa 
as  the  lesser  sac. 

The  peritoneum  differs  from  the  other  serous  membranes  of  the  body  in  pre¬ 
senting  a  much  more  complex  arrangement,  and  one  that  can  be  clearly  understood 
only  by  following  the  changes  which  take  place  in  the  digestive  tube  during  its 
development. 

To  trace  the  membrane  from  one  viscus  to  another,  and  from  the  viscera  to  the 
parietes,  it  is  necessary  to  follow  its  continuity  in  the  vertical  and  horizontal 
directions,  and  it  will  be  found  simpler  to  describe  the  main  portion  of  the  cavity 
and  the  omental  bursa  separately. 

Vertical  Disposition  of  the  Main  Peritoneal  Cavity  {greater  sac)  (Fig.  1055). — It 
is  convenient  to  trace  this  from  the  back  of  the  abdominal  wall  at  the  level  of  the 
umbilicus.  On  following  the  peritoneum  upward  from  this  level  it  is  seen  to  be 
reflected  around  a  fibrous  cord,  the  ligamentum  teres  {obliterated  umbilical  vein), 
which  reaches  from  the  umbilicus  to  the  under  surface  of  the  liver.  This  reflection 
forms  a  somewhat  triangular  fold,  the  falciform  ligament  of  the  liver,  attaching  the 
upper  and  anterior  surfaces  of  the  liver  to  the  diaphragm  and  abdominal  wall. 
With  the  exception  of  the  line  of  attachment  of  this  ligament  the  peritoneum 
covers  the  whole  of  the  under  surface  of  the  anterior  part  of  the  diaphragm, 
and  is  continued  from  it  on  to  the  upper  surface  of  the  right  lobe  of  the  liver  as 
the  superior  layer  of  the  coronary  ligament,  and  on  to  the  upper  surface  of  the  left 
lobe  as  the  superior  layer  of  the  left  triangular  ligament  of  the  liver.  Covering  the 
upper  and  anterior  surfaces  of  the  liver,  it  is  continued  around  its  sharp  margin 
on  to  the  under  surface,  where  it  presents  the  following  relations:  (a)  It  covers  the 
under  surface  of  the  right  lobe  and  is  reflected  from  the  back  part  of  this  on  to  the 
right  suprarenal  gland  and  upper  extremity  of  the  right  kidney’,  forming  in  this 
situation  the  inferior  layer  of  the  coronary  ligament;  a  special  fold,  the  hepatorenal 
ligament,  is  frequently  present  between  the  inferior  surface  of  the  liver  and  the 
front  of  the  kidney.  From  the  kidney  it  is  carried  downward  to  the  duodenum 
and  right  colic  flexure  and  medialward  in  front  of  the  inferior  vena  cava,  where  it 
is  continuous  with  the  posterior  wall  of  the  omental  bursa.  Between  the  two  layers 
of  the  coronary'  ligament  there  is  a  large  triangular  surface  of  the  liver  devoid  of 
peritoneal  covering;  this  is  named  the  bare  area  of  the  liver,  and  is  attached  to  the 
diaphragm  by  areolar  tissue.  Toward  the  right  margin  of  the  liver  the  two 
layers  of  the  coronary  ligament  graduallyr  approach  each  other,  and  ultimately 
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fuse  to  form  a  small  triangular  fold  connecting  the  right  lobe  of  the  liver  to  the 
diaphragm,  and  named  the  right  triangular  ligament  of  the  liver.  The  apex  of 
the  triangular  bare  area  corresponds  with  the  point  of  meeting  of  the  two  layers 
of  the  coronary  ligament,  its  base  with  the  fossa  for  the  inferior  vena  cava,  (6) 
It  covers  the  lower  surface  of  the  quadrate  lobe,  the  under  and  lateral  surfaces 
of  the  gall-bladder,  and  the  under  surface  and  posterior  border  of  the  left  lobe;  it  is 
then  reflected  from  the  upper  surface  of  the  left  lobe  to  the  diaphragm  as  the 
inferior  layer  of  the  left  triangular  ligament,  and  from  the  porta  of  the  liver  and  the 
fossa  for  the  ductus  venosus  to  the  lesser  curvature  of  the  stomach  and  the  first 
2.5  ctivof  the  duodenum  as  the  anterior  layer  of  the  hepatogastric  and  hepatoduodenal 
ligaments,  which  together  constitute  the  lesser  omentum.  If  this  layer  of  the  lesser 
omentum  be  followed  to  the  right  it  will  be  found  to  turn  around  the  hepatic  artery, 
bile  duct,  and  portal  vein,  and  become  continuous  with  the  anterior  wall  of  the 
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omental  bursa,  forming  a  free  folded  edge  of  peritoneum.  Traced  downward,  it 
covers  the  antero-superior  surface  of  the  stomach  and  the  commencement  of  the 
duodenum,  and  is  carried  down  into  a  large  free  fold,  known  as  the  gastrocolic 
ligament  or  greater  omentum.  Reaching  the  free  margin  of  tins  fold,  it  is  reflected 
upward  to  cover  the  under  and  posterior  surfaces  of  the  transverse  colon,  and  thence 
to  the  posterior  abdominal  wall  as  the  inferior  layer  of  the  transverse  mesocolon. 
It  reaches  the  abdominal  wall  at  the  head  and  anterior  border  of  the  pancreas, 
is  then  carried  down  over  the  lower  part  of  the  head  and  over  the  inferior  surface 
of  the  pancreas  on  the  superior  mesenteric  vessels,  and  thence  to  the  small  intestine 
as  the  anterior  layer  of  the  mesentery.  It  encircles  the  intestine,  and  subsequently 
may  be  traced,  as  the  posterior  layer  of  the  mesentery,  upward  and  backward 
to  the  abdominal  wall.  From  this  it  sweeps  down  over  the  aorta  into  the  pelvis, 
where  it  iuvests  the  sigmoid  colon,  its  reduplication  forming  the  sigmoid  mesocolon. 
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Leaving  first  the  sides  and  then  the  front  of  the  rectum,  it  ts  reflected  oft  to  the  semi¬ 
nal  vesicles  and  fundus .of  the  urinary  hladdiT.^ttil,  aft^r  twveringthe  upper  surface 
of  that  viscus,  is  carries}  along  the  medial  and  lateral umbilical  ligaments  11%. 
105ft)  on  to  the  back  of  the  abdominal  wail  to  the  level  from  which  a  start  was  made. 
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Benwvn  the  n^inm  uud  the  bladder  it  forms,  in  the  rmvku  a  pouch;  the  rectev- 
vesical  z'zczy&itfm,  life  bid  torn  of  which  is  slightly  below:  the  tevel  of  the  upper 
ends  of  the  wsietffe  semiualea— c  <*.v  about  7.0  era.  from  the  orifice  of  the  amo. 
Wheii  t he '  bladder "is  yiistef l decl,. f he  f>eriU.uteu^‘  is  .oa  fried  up  with  the  exp^fjded 
vinous  so  that  1 1  considerable  part  of  the  anterior  surface  »{  the  hitter  lies  dm  err. 
against  tfie/abdominrd  wiill  witisoul  Uie  interventioa  of  peritoneal  membrane  i>o>. 
n*icai  tp'hv  uf  1{tfzh$?  In  the  female  the  peritoranim  is  reflated  frmo  the 
over  the  posterior  vaginal;  fornix,  to  the  cervix  and  body  of  the  u feme  forming:' 
the  rectouterine :e*«&vatum  tjwtkof  Dm<yt<n),  Ihi$  cottoned  over  the  intestinal 
surface  and  fuming  of  the  uterus  %m  to  Its  vesical  sur/ave,  which  it  epvers  as  fur  an 
the  junction  of  The  body  :uul  cefyi&  UieH,  &pti  th.ve.H  Jp  the  bladder,  forming  here 
a  seOoud,  hot  Walkover,  pouch,  the  V65ictatterie&  excavation.  It  fc  also  reflected 
from  the  side*  nf  the  uterus  to  the  lateral  walls  of  the.  pelvis  as  two  expanded 
folds,  the bmd  ligaments  of  tlte  uter&a, -m  the- :ffeo: each  of  which  is  the 
uterine  tube, 

Vertical  DispositioB  of  thee  Omental  Bursa  (tor  pMtonntl  rate)  (Fig,  lOooi 
stall  may  be  made  i a  this  ease  on  the  posterior  abrlciminal  ^ali  hie  an terior 
border  of  the  p&Utte%s.  fVom  this  region  the  peritoneum  may  ■.•b&ifXltffeft  lipwarxj 
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over  the  pancreas  on  to  the  iaferfor  KtirtVu^  *ji‘  t  he  diaphragm,  and  thence  on  to  the 
caudate  lube  and  cawUite  process  of  the  liver  to  the  fossa  from  the  ductus  venosus 
and  the  porta  of  the'  liver.  Traced  to  the  right,  ft  u  continuous  over  the  inferior 
vena  cava  with  the  posterior  wail  of  the  -main  cavity.  From  (life  liver  it  is  carried 
downward  to  the  lesser  curvature*  of  the  stomach  and  the  commencement  of  the 
duodenum  as  ibfe  posterior  layer-  of  the  lesser  omentum,  and  is  continuous  on  the 
right,  around  the  hepatic  artery,  bile,  duel,  and  portal  vein,  with  the  anterior  layer 
of  this  omeutum.  The  posterior  layer  of  the  lesser  oreetitura  is  earned  down  »«  a 
covering  for  the  ppstem-inferinr  surfaces  of  the$tom4el?  and  commencement  of  the 
duodehuin,  ai)tti»  cimtitiucsl<i<>wnw4r<l  as  the  deep  layer  of  the  gastrocolic  ligament 
or  greater  omentum.  From  the  free  margin  of  this  fold  it  is  reflected  upward  on 
itself  to  the  anterior  and  superior  surfaces  of  the  transverse  colon,  and  thence  as 
tbe  superior  layer  of  the  transverse  mesocolon  id  the  anterior  border  of  the  pancreas, 
the  level  .from  which.  a  start  was  made,  J|  will  he  sgen  that  the  loop  formed  by 
tbe  wrtff  of  the,  omental  bursa  below  the  transverse:  colon'  follows,  and  is  closely 
applied  to,  the  deep  surface  of  that,  formed  by  the  j>erit«ncUro  of  the  main  cavity, 
and  that  the  greater  omentum  or  large  fold  of  peritoneum  which  hangs  in  front 
of  the  smaU.lntesIft'HS  therefore  consists  of  four  layers,  two  anterior  and  two  posterior 
sefwraUxi  by  tht?  potential  cav  ity  of  the  omental  bursa., 

Horizontal  ^Disposition  of  the  Peritoneum.  -Bvlow  tl.ft  transverse  colon  the 
srfungemesi  simple,  as  if  includes  only  the  rtmn  cavity;  above  the  level  of  the 
transverse  colon  it  is  more  complicated  on  amtunt  of  thfc  existence  of  the  omental 
bursa,  Below  the  transverse  colon  It  may  be  considered  in  the  two  regions,  viz., 
ia  the  pelvis  and  in  the  abdomen  proper. 
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■  Fig:  ItidT.  'i*nrttoneunl  wf  .the  irwle- {*!  \-i*. 

(3)  In  the  Pelvis.-— The  peritoneum  'here  follows  closely  the  surfaces  of  the 
pelvic  viscera  and  the  irieqitalfties  of  the  pelvic  wall,?,  and  presents  impdriaut 
differences  in  the  two  sexes.  (a)  In  the  mate  CPijg'  Iff. 57 f  ii  ctteircU’s  the  sigmoid 
colon,  from  which  it  b  reflected  to  the  posterior  vail  of  the  peh'h  ns  a  fold,  the 
sigmoid  mesocolon,  it  then  leaves  the  siife  and,  Smilly,  the  frprit  of  the  rectiitn, 
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and  is  continued  on  to  the  upper  ends  of  the  seminal  vesicles  and  the  bladder; 
on  either  side  of  the  rectum  it  forms  a  fossa,  the  pararectal  fossa,  which  varies  in 
size  with  the  distension  of  the  rectum.  In  front  of  the  rectum  the  peritoneum  forms 
the  rectovesical  excavation,  which  is  limited  laterally  by  peritoneal  folds  extending 
from  the  sides  of  the  bladder  to  the  rectum  and  sacrum.  These  folds  are  known 
from  their  position  as  the  rectovesical  or  sacrogenital  folds.  The  peritoneum  of 
the  anterior  pelvic  wall  covers  the  superior  surface  of  the  bladder,  and  on  either 
side  of  this  viscus  forms  a  depression,  termed  the  paravesical  fossa,  which  is  limited 
laterally  by  the  fold  of  peritoneum  covering  the  ductus  deferens.  The  size  of  this 
fossa  is  dependent  on  the  state  of  distension  of  the  bladder;  when  the  bladder  is 
empty,  a  variable  fold  of  peritoneum,  the  plica  vesicalis  transversa,  divides  the  fossa 
into  two  portions.  On  the  peritoneum  between  the  paravesical  and  pararectal 
fossae  the  only  elevations  are  those  produced  by  the  ureters  and  the  hypogastric 
vessels.  (6)  In  the  female,  pararectal  and  paravesical  fossae  similar  to  those  in  the 
male  are  present:  the  lateral  limit  of  the  paravesical  fossa  is  the  peritoneum  invest¬ 
ing  the  round  ligament  of  the  uterus.  The  rectovesical  excavation  is,  however, 
divided  by  the  uterus  and  vagina  into  a  small  anterior  vesicouterine  and  a  large, 
deep,  posterior  rectouterine  excavation.  The  sacrogenital  folds  form  the  margins 
of  the  latter,  and  are  continued  on  to  the  back  of  the  uterus  to  form  a  transverse 
fold,  the  torus  uterinus.  The  broad  ligaments  extend  from  the  sides  of  the  uterus 
to  the  lateral  walls  of  the  pelvis;  they  contain  in  their  free  margins  the  uterine 
tubes,  and  in  their  posterior  layers  the  ovaries.  Below,  the  broad  ligaments  are 
continuous  with  the  peritoneum  on  the  lateral  walls  of  the  pelvis.  On  the  lateral 
pelvic  wall  behind  the  attachment  of  the  broad  ligament,  in  the  angle  between 
the  elevations  produced  by  the  diverging  hypogastric  and  external  iliac  vessels  is 
a  slight  fossa,  the  ovarian  fossa,  in  which  the  ovary  normally  lies. 

Rectus 


Fio.  1058. — Horizontal  disposition  of  the  peritoneum  in  the  lower  part  of  the  abdomen. 


(2)  In  the  Lower  Abdomen  (Fig.  1058). — Starting  from  the  linea  alba,  below  the 
level  of  the  transverse  colon,  and  tracing  the  continuity  of  the  peritoneum  in  a 
horizontal  direction  to  the  right,  the  membrane  covers  the  inner  surface  of  the 
abdominal  wall  almost  as  far  as  the  lateral  border  of  the  Quadratus  lumborum; 
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it  encloses  the  cecum  and  vermiform  process,  and  is  reflected  over  the  sides  and  front 
of  the  ascending  colon;  it  may  then  be  traced  over  the  duodenum,  Psoas  major, 
and  inferior  vena  cava  toward  the  middle  line,  whence  it  passes  along  the  mesen¬ 
teric  vessels  to  invest  the  small  intestine,  and  back  again  to  the  large  vessels  in 
front  of  the  vertebral  column,  forming  the  mesentery,  between  the  layers  of  which 
are  contained  the  mesenteric  bloodvessels,  lacteals,  and  glands.  It  is  then  con¬ 
tinued  over  the  left  Psoas;  it  covers  the  sides  and  front  of  the  descending  colon, 
and,  reaching  the  abdominal  wall,  is  carried  on  it  to  the  middle  line. 
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the  posterior  layer  of  the  gastrosplenic  ligament.  It  covers  the  postero-inferior 
surfaces  of  the  stomach  and  commencement  of  the  duodenum,  and  extends 
upward  to  the  liver  as  the  posterior  layer  of  the  lesser  omentum;  the  right  margin 
of  this  layer  is  continuous  around  the  hepatic  artery,  bile  duct,  and  portal  vein, 
with  the  wall  of  the  general  cavity. 

The  epiploic  foramen  ( foramen  epiploicum;  foramen  of  Winslow)  is  the  passage  of 
communication  between  the  general  cavity  and  the  omental  bursa.  It  is  bounded 
in  front  by  the  free  border  of  the  lesser  omentum,  with  the  common  bile  duct, 
hepatic  artery,  and  portal  vein  between  its  two  layers;  behind  by  the  peritoneum 
covering  the  inferior  vena  cava;  above  by  the  peritoneum  on  the  caudate  process 
of  the  liver,  and  below  by  the  peritoneum  covering  the  commencement  of  the 
duodenum  and  the  hepatic  artery,  the  latter  passing  forward  below  the  foramen 
before  ascending  between  the  two  layers  of  the  lesser  omentum. 

The  boundaries  of  the  omental  bursa  will  now  be  evident.  It  is  bounded  in  front, 
from  above  downward,  by  the  caudate  lobe  of  the  liver,  the  lesser  omentum,  the 
stomach,  and  the  anterior  two  layers  of  the  greater  omentum.  Behind ,  it  is  limited, 
from  below  upward,  by  the  two  posterior  layers  of  the  greater  omentum,  the  trans¬ 
verse  colon,  and  the  ascending  layer  of  the  transverse  mesocolon,  the  upper  surface 
of  the  pancreas,  the  left  suprarenal  gland,  and  the  upper  end  of  the  left  kidney. 
To  the  right  of  the  esophageal  opening  of  the  stomach  it  is  formed  by  that  part 
of  the  diaphragm  which  supports  the  caudate  lobe  of  the  liver.  Laterally ,  the 
bursa  extends  from  the  epiploic  foramen  to  the  spleen,  where  it  is  limited  by 
the  phrenicolienal  and  gastrolienal  ligaments. 

The  omental  bursa,  therefore,  consists  of  a  series  of  pouches  or  recesses  to  which 
the  following  terms  are  applied:  (1)  the  vestibule,  a  narrow  channel  continued 
from  the  epiploic  foramen,  over  the  head  of  the  pancreas  to  the  gastrop&ncreatk 
fold;  this  fold  extends  from  the  omental  tuberosity  of  the  pancreas  to  the  right 
side  of  the  fundus  of  the  stomach,  and  contains  the  left  gastric  artery  and  coronary 
vein;  (2)  the  superior  omental  recess,  between  the  caudate  lobe  of  the  liver  and  the 
diaphragm;  (3)  the  lienal  recess,  between  the  spleen  and  the  stomach;  (4)  the 
inferior  omental  recess,  which  comprises  the  remainder  of  the  bursa. 

In  the  fetus  the  bursa  reaches  as  low  as  the  free  margin  of  the  greater  omentum, 
but  in  the  adult  its  vertical  extent  is  usually  more  limited  owing  to  adhesions 
between  the  layers  of  the  omentum.  During  a  considerable  part  of  fetal  life  the 
transverse  colon  is  suspended  from  the  posterior  abdominal  wall  by  a  mesentery’ 
of  its  own,  the  two  posterior  layers  of  the  greater  omentum  passing  at  this  stage 
in  front  of  the  colon.  This  condition  occasionally  persists  throughout  life,  but  as 
a  rule  adhesion  occurs  between  the  mesentery  of  the  transverse  colon  and  the  pos¬ 
terior  layer  of  the  greater  omentum,  with  the  result  that  the  colon  appears  to  receive 
its  peritoneal  covering  by  the  splitting  of  the  two  posterior  layers  of  the  latter  fold. 
In  the  adult  the  omental  bursa  intervenes  between  the  stomach  and  the  structures 
on  which  that  viscus  lies,  and  performs  therefore  the  functions  of  a  serous  bursa 
for  the  stomach. 

Numerous  peritoneal  folds  extend  between  the  various  organs  or  connect  them 
to  the  parietes;  they  serve  to  hold  the  viscera  in  position,  and,  at  the  same  time, 
enclose  the  vessels  and  nerves  proceeding  to  them.  They  are  grouped  under  the 
three  headings  of  ligaments,  omenta,  and  mesenteries. 

The  ligaments  will  be  described  with  their  respective  organs. 

There  are  two  omenta,  the  lesser  and  the  greater. 

The  lesser  omentum  (< omentum  minus ;  small  omentum;  gastrohepaiic  omentum)  is  the 
duplicature  which  extends  to  the  liver  from  the  lesser  curvature  of  the  stomach  and 
the  commencement  of  the  duodenum.  It  is  extremely  thin,  and  is  continuous  with  the 
two  layers  of  peritoneum  which  cover  respectively  the  antero-superior  and  postero- 
inferior  surfaces  of  the  stomach  and  first  part  of  the  duodenum.  When  these 
two  layers  reach  the  lesser  curvature  of  the  stomach  and  the  upper  border  of  the 
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duodenum,  they  join  together  and  ascend  as  a  double  fold  to  the  porta  of  the  liver; 
to  the  left  of  the  porta  the  fold  is  attached  to  the  bottom  of  the  fossa  for  the  ductus 
venosus,  along  which  it  is  carried  to  the  diaphragm,  where  the  two  layers  separate 
to  embrace  the  end  of  the  esophagus.  At  the  right  border  of  the  omentum  the 
two  layers  are  continuous,  and  form  a  free  margin  which  constitutes  the  anterior 
boundary  of  the  epiploic  foramen.  The  portion  of  the  lesser  omentum  extending 
between  the  liver  and  stomach  is  termed  the  hepatogastric  ligament,  while  that 
between  the  liver  and  duodenum  is  the  hepatoduodenal  ligament.  Between  the  two 
layers  of  the  lesser  omentum,  close  to  the  right  free  margin,  are  the  hepatic 
artery,  the  common  bile  duct,  the  portal  vein,  lymphatics,  and  the  hepatic  plexus  of 
nerves — all  these  structures  being  enclosed  in  a  fibrous  capsule  ( Glissoris  capsule). 
Between  the  layers  of  the  lesser  omentum,  where  they  are  attached  to  the 
stomach,  run  the  right  and  left  gastric  vessels. 

The  greater  omentum  ( omentum  majus;  great  omentum;  gastrocolic  omentum)  is  the 
largest  peritoneal  fold.  It  consists  of  a  double  sheet  of  peritoneum,  folded  on  itself 
so  that  it  is  made  up  of  four  layers.  The  two  layers  which  descend  from  the  stomach 
and  commencement  of  the  duodenum  pass  in  front  of  the  small  intestines,  sometimes 
as  low  down  as  the  pelvis;  they  then  turn  upon  themselves,  and  ascend  again  as 
far  as  the  transverse  colon,  where  they  separate  and  enclose  that  part  of  the  intes¬ 
tine.  These  individual  layers  may  be  easily  demonstrated  in  the  young  subject, 
but  in  the  adult  they  are  more  or  less  inseparably  blended.  The  left  border  of  the 
greater  omentum  is  continuous  with  the  gastrolienal  ligament;  its  right  border 
extends  as  far  as  the  commencement  of  the  duodenum.  The  greater  omentum  is 
usually  thin,  presents  a  cribriform  appearance,  and  always  contains  some  adipose 
tissue,  which  in  fat  people  accumulates  in  considerable  quantity.  Between  its 
two  anterior  layers,  a  short  distance  from  the  greater  curvature  of  the  stomach, 
is  the  anastomosis  between  the  right  and  left  gastroepiploic  vessels. 

The  mesenteries  are:  the  mesentery  proper,  the  transverse  mesocolon,  and  the 
sigmoid  mesocolon.  In  addition  to  these  there  are  sometimes  present  an  ascending 
and  a  descending  mesocolon. 

The  mesentery  proper  ( mesenterium )  is  the  broad,  fan-shaped  fold  of  peritoneum 
which  connects  the  convolutions  of  the  jejunum  and  ileum  with  the  posterior  wall 
of  the  abdomen.  Its  root — the  part  connected  with  the  structures  in  front  of  the 
vertebral  column — is  narrow,  about  15  cm.  long,  and  is  directed  obliquely  from  the 
duodenojejunal  flexure  at  the  left  side  of  the  second  lumbar  vertebra  to  the  right 
sacroiliac  articulation  (Fig.  1060).  Its  intestinal  border  is  about  6  metres  long;  and 
here  the  two  layers  separate  to  enclose  the  intestine,  and  form  its  peritoneal  coat. 
It  is  narrow  above,  but  widens  rapidly  to  about  20  cm.,  and  is  thrown  into  numerous 
plaits  or  folds.  It  suspends  the  small  intestine,  and  contains  between  its  layers 
the  intestinal  branches  of  the  superior  mesenteric  artery,  with  their  accompanying 
veins  and  plexuses  of  nerves,  the  lacteal  vessels,  and  mesenteric  lymph  glands. 

The  transverse  mesocolon  {mesocolon  transversum)  is  a  broad  fold,  which  connects 
the  transverse  colon  to  the  posterior  wall  of  the  abdomen.  It  is  continuous  with 
the  two  posterior  layers  of  the  greater  omentum,  which,  after  separating  to  surround 
the  transverse  colon,  join  behind  it,  and  are  continued  backward  to  the  vertebral 
column,  where  they  diverge  in  front  of  the  anterior  border  of  the  pancreas.  This 
fold  contains  between  its  layers  the  vessels  which  supply  the  transverse  colon. 

The  sigmoid  mesocolon  {mesocolon  sigmoideum)  is  the  fold  of  peritoneum  which 
retains  the  sigmoid  colon  in  connection  with  the  pelvic  wall.  Its  line  of  attachment 
forms  a  V-shaped  curve,  the  apex  of  the  curve  being  placed  about  the  point  of 
division  of  the  left  common  iliac  artery.  The  curve  begins  on  the  medial  side  of 
the  left  Psoas  major,  and  runs  upward  and  backward  to  the  apex,  from  which  it 
bends  sharply  downward,  and  ends  in  the  median  plane  at  the  level  of  the  third 
sacral  vertebra.  The  sigmoid  and  superior  hemorrhoidal  vessels  run  between  the 
two  layers  of  this  fold. 
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In  most  cases  the  peritoneum  c?overs  only  the  front  and  sides  of  the  ascending 
and  descending  parts  of  the  colon.  Sometimes,  however,  these  are  surrounded 
by  the  serous  membrane  and  attached  to  the  posterior  abdominal  wall  by  an 
ascending  and  a  descending  mesocolon  respectively.  A  fold  of  peritoneum,  the 
phrenicocolic  ligament,  is  continued  from  the  left  colic  flexure  to  the  diaphragm 
opposite  the  tenth  and  eleventh  ribs;  it  passes  below  and  serves  to  support  the 
spleen,  and  therefore  has  received  the  name  of  sustentaculum  lienis. 
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The  appendices  epiploic®  are  small  pouches  of  the  peritoneum  filled  with  fat 
and  situated  along  the  colon  arid  upper  part  of  the  rectum.  They  are  chiefly 
appended  to  the  transverse  and  sigmoid  parts  of  the  colon. 

Peritoneal  Recesses  or  Fosses  (; retroperitoneal  fossa). — In  certain  parts  of  the 
abdominal  cavity  there  are  recesses  of  peritoneum  forming  culsnie-sac  or  pouches 
which  are  of  surgical  interest  in  connection  with  the  possibility  of  the  occurrence 
of  '‘retroperitoneal’’  hernia?.-  The  largest  of  these  is  the  omental  bursa  (already 
described) *  but  several  others,  of  smaller  size,  require  mention,  and  may  bediWded 
into  three  groups,  viz.:  duodenal,  cecal,  and  intersigmoid. 
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1.  Duodenal  Foss®  (Figs.  1001,  1002.). — Three  are  fairly  constant,  vi?.  :  (a)  The 
inferior  duodenal  fossa,  present  ill  from  70  to  75  per  cent,  of  cases,  is  situated 
opposite  the  third  lumbar  vertebra  on  the  left  side  of  the  ascending  portion  of 
the  duodenum..  Its  opening  }s  directed  upward,  and  is  bounded  by  a  thin  sharp 
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fold  of  peritoneum  with  a  eomtaye  margin,  called  the  duodenomesocolic  fold,  The 
tip  of  the  index  finger  introduced  into  the  fossa  under  the  fold  passes  some 
little  distance  behind  the  Ascending  portion  of  the  duodenum.  (f>)  The  superior 
duodenal  fossa,  present  its  from  40  to  50  per  cent,  of  cases,  often  coexists with  the 
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portion  of  the  duodenum,  in  .front  of  the  .second  lumbar  vertebra,  a  ud  behind  a. 
*  Tckle-shajjed  fold  of  peritouemn,  the  duodenojejunal  fold,  and  bus  a.  depth  of  About 
crii-  (c)  The  duodenojejunal  fossa  evicts  in  front  15  to  2d  per  cent,  of  cms. 
but  has  never  yet  been  found  in  punjunetkifi  with  the  other  forms  of  duodenal 


SPLANCHNOLOGY 


fossse;  it  p&n  he  seen  by pulling  the  j^juttuia  Afwh'Wkid  and  to  the  right,  after  the 
t?ans¥*#.$£  enfan  has  beef!  pubed  upward,  f  t  lit  bounded  above  by  rite  pancreas. 


to  the  right  by  the  sorts,  and  to  the  left  by  the  kidney;  beneath  is  the  left  renal 
vein.  It  has  a  depth  of  from  2  to  3  cm.,  and  its  orifice,  directed  downward  and  to 
the  righto  is  nearly  circular  and  trill  admit  the  tip  of  the  little  finger. 

%  Cseal  Foss®  (perineal  folds’  or  fosstr). — 1 There  are  three  principal  pouches 
or  recesses  in  the  neighborhood  of  the  wuffc  (Kgs.  1063  to  IMtiSJ:  (a)  The  supHW* 
ileocecal  fossa  is  formed  by  a  fold  of  peritoneum,  arehiag  oyer  the  htaneh  of  the: 
ileocolic  orrery  .which  supplies  'the  ileocolic  junction.  The  fossa  is  a  narrow  citisl 
situated  between  thu' -mesentery  of  the  small  intestine,  the  ileum,  and  the  small 
portion  of  the  cecum  behind.  [Uj  The.  interior  ileocecal  fossa  is  situated  behind  tk 
angle  of  junction  of  the  ileum  and  cecum.  It  is  formed  by  the  Ileocecal  fold  ■  ■! 
peritoneum  {biw.*!hm  fuhl  nf  Trews),  the  upper  border  of  which  is  fixed  to  the  ileum, 
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fossa  and  by  the  other  to  the  postero-lateral  aspect  of  the  colon.  In  some 
instances  additional  fossae,  the  retrocecal  fossae,  are  present. 

3.  The  intersigmoid  fossa  (rcces-nis  intersigmoideus)  is  constant  in  the  fetus  and 
during  infancy,  but  disappears  in  a  certain  percentage  of  cases  as  age  advances. 
Upon  drawing  the  sigmoid  colon  upward,  the  left  surface  of  the  sigmoid  mesocolon 
is  exposed,  and  on  it  will  be  seen  a  funnel-shaped  recess  of  the  peritoneum,  lying 
on  the  external  iliac  vessels,  in  the  interspace  between  the  Psoas  and  Iliacua  muscles. 
This  is  the  orifice  leading  to  the  intersigmoid  fossa,  which  lies  behind  the  sigmoid 
mesocolon,  and  in  front  of  the  parietal  peritoneum.  The  fossa  varies  in  size;  in 
some  instances  it  is  a  mere  dimple,  whereas  in  others  it  will  admit  the  whole  of  the 
index  finger.1 

Inferior  ileocecal 


Flu.  1U(X>.  —The  ceea!  Toma.  The  ileum  and  cecum  are  drawn  backward  and  upward.  (Souligoux  ) 

The  Stomach  (Ventriculus ;  Gaster). 

The  stomach  is  the  most  dilated  part  of  the  digestive  tube,  and  is  situated  between 
the  end  of  the  esophagus  and  the  beginning  of  the  small  intestine.  It  lies  in  the 
epigastric,  umbilical,  and  left  hypochondriac  regions  of  the  abdomen,  and  occupies 
a  recess  bounded  by  the  upper  abdominal  viscera,  and  completed  in  front  and  on 
the  left  side  by  the  anterior  abdominal  wall  and  the  diaphragm. 

The  shape  and  position  of  the  stomach  are  so  greatly  modified  by  changes  within 
itself  and  in  the  surrounding  viscera  that  no  one  form  can  be  described  as  typical. 
The  chief  modifications  are  determined  by  (1)  the  amount  of  the  stomach  contents, 
(2)  the  stage  which  the  digestive  process  has  reached,  (3)  the  degree  of  develop¬ 
ment  of  the  gastric  musculature,  and  (4)  the  condition  of  the  adjacent  intestines. 
It  is,  however,  possible  by  comparing  a  series  of  stomachs  to  determine  certain 
markings  more  or  less  common  to  all  (Figs.  1066;  1067^  1068,  10b9). 

The  stomach  presents  two  openings,  two  borders  or  curvatures,  and  two  surfaces. 

Openings. — The  opening  by  which  the  esophagus  communicates  with  the 
stomach  is  known  as  the  cardiac  orifice,  and  is  situated  on  the  left  of  the  middle 
line  at  the  level  of  the  tenth  thoracic  vertebra.  The  short  abdominal  portion  of  the 
esophagus  {antrum  cardiacum)  is  conical  in  shape  and  curved  sharply  to  the  left, 

1  Oo  the  anatomy  of  these  fossa?,  ise*  the  A  frill  and  Gale  Lectures  by  Moyni.hu  a,  1899. 
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the  base  of  the  cone  being  continuous  with  the  cardiac  orifice  of  the  stomach. 
The  right  margin  of  the  esophagus  is  continuous  with  the  lesser  curvature  of  the 
stomach,  while  the  left  margin  joins  the  greater  curvature  at  an  acute  angle,  termed 
the  incisura  cardiaca. 

The  pyloric  orifice  communicates  with  the  duodenum,  and  its  position  is  usually 
indicated  on  the  surface  of  the  stomach  by  a  circular  groove,  the  duodenopylorie 
constriction.  This  orifice  lies  to  the  right  of  the  middle  line  at  the  level  of  the  upper 
border  of  the  first  lumbar  vertebra. 

Curvatures. — The  lesser  curvature  ( curvatura  ventriculi  minor),  extending  between 
the  cardiac  and  pyloric  orifices,  forms  the  right  or  posterior  border  of  the  stomach. 
It  descends  as  a  continuation  of  the  right  margin  of  the  esophagus  in  front  of  the 
fibers  of  the  right  crus  of  the  diaphragm,  and  then,  turning  to  the  right,  it  crosses 
the  first  lumbar  vertebra  and  ends  at  the  pylorus.  Nearer  its  pyloric  than  its 
cardiac  end  is  a  well-marked  notch,  the  incisura  angularis,  which  varies  somewhat 
in  position  with  the  state  of  distension  of  the  viscus;  it  serves  to  separate  the 
stomach  into  a  right  and  a  left  portion.  The  lesser  curvature  gives  attachment 
to  the  two  layers  of  the  hepatogastric  ligament,  and  between  these  two  layers  are 
the  left  gastric  artery  and  the  right  gastric  branch  of  the  hepatic  artery. 

The  greater  curvature  {curvatura  ventriculi  major )  is  directed  mainly  forward, 
and  is  four  or  five  times  as  long  as  the  lesser  curvature.  Starting  from  the  cardiac 
orifice  at  the  incisura  cardiaca,  it  forms  an  arch  backward,  upward,  and  to  the  left; 
the  highest  point  of  the  convexity  is  on  a  level  with  the  sixth  left  costal  cartilage. 
From  this  level  it  may  be  followed  downward  and  forward,  with  a  slight  convexity 
to  the  left  as  low  as  the  cartilage  of  the  ninth  rib;  it  then  turns  to  the  right,  to  the 
end  of  the  pylorus.  Directly  opposite  the  incisura  angularis  of  the  lesser  curva¬ 
ture  the  greater  curvature  presents  a  dilatation,  which  is  the  left  extremity  of  the 
pyloric  part;  this  dilatation  is  limited  on  the  right  by  a  slight  groove,  the  sulcus 
intermedius,  which  is  about  2.5  cm,  from  the  duodenopylorie  constriction.  The 
portion  between  the  sulcus  intermedius  and  the  duodenopylorie  constriction  is 
termed  the  pyloric  antrum.  At  its  commencement  the  greater  curvature  is  covered 
by  peritoneum  continuous  with  that  covering  the  front  of  the  organ.  The  left 
part  of  the  curvature  gives  attachment  to  the  gastrolienal  ligament,  while  to  its 
anterior  portion  are  attached  the  two  layers  of  the  greater  omentum,  separated 
from  each  other  by  the  gastroepiploic  vessels. 

Surfaces. — When  the  stomach  is  in  the  contracted  condition,  its  surfaces  are 
directed  upward  and  downward  respectively,  but  when  the  viscus  is  distended  they 
are  directed  forward,  and  backward.  They  may  therefore  be  described  as  anten> 
superior  and  postero-inferior. 

Antero-superior  Surface. — The  left  half  of  this  surface  is  in  contact  with  the 
diaphragm,  which  separates  it  from  the  base  of  the  left  lung,  the  pericardium, 
and  the  seventh,  eighth,  and  ninth  ribs,  and  intercostal  spaces  of  the  left  side.  The 
right  half  is  in  relation  with  the  left  and  quadrate  lobes  of  the  liver  and  with  the 
anterior  abdominal  wall.  When  the  stomach  is  empty,  the  transverse  colon  may 
lie  on  the  front  part  of  this  surface.  The  whole  surface  is  covered  by  peritoneum. 

The  Postero-inferior  Surface  is  in  relation  with  the  diaphragm,  the  spleen, 
the  left  suprarenal  gland,  the  upper  part  of  the  front  of  the  left  kidney,  the  anterior 
surface  of  the  pancreas,  the  left  colic  flexure,  and  the  upper  layer  of  the  transverse 
mesocolon.  These  structures  form  a  shallow  bed,  the  stomach  bed,  on  which  the 
viscus  rests.  The  transverse  mesocolon  separates  the  stomach  from  the  duodeno¬ 
jejunal  flexure  and  small  intestine.  The  postero-inferior  surface  is  covered  by 
peritoneum,  except  over  a  small  area  close  to  the  cardiac  orifice;  this  area  is  limited 
by  the  lines  of  attachment  of  the  gastrophrenic  ligament,  and  lies  in  apposition 
with  the  diaphragm,  and  frequently  with  the  upper  portion  of  the  left  supra¬ 
renal  gland. 
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Component  Parts  of  the  Stomach.— A  plane  passing  through  the  incisura  angularis  on  the  lesser 
curvature  and  the  left  limit  of  the  opposed  dilatation  on  the  greater  curvature  divides  the  stomach 
into  a  left  portion  or  body  and  a  right  or  pyloric  portion.  The  left  portion  of  the  body  is  known 
as  the  fundus,  and  is  marked  off  from  the  remainder  of  the  body  by  a  plane  passing  horizon¬ 
tally  through  the  cardiac  orifice.  The  pyloric  portion  is  divided  by  a  plane  through  the  sulcus 
intermedius  at  right  angles  to  the  long  axis  of  this  portion;  the  part  to  the  right  of  this  plane 
is  the  pyloric  antrum  (Fig.  1066). 


Incisura  cardiaca 


Antrum  cardiacum 


Gastric  canal 
Incisura  angularis 
Pylorus 


Duodenum 
Pyloric  antrum 


Pyloric  vestibule 
Sulcus  intermedius 


Fio.  1066. — Diagram  showing  the  subdivisions  of  the 
human  stomach.  (F.  T.  Lewis.) 


Fio.  1067. — Diagram  showing  shape  andposition 
of  empty  stomach.  Erect  posture.  (Herts.) 


If  the  stomach  be  examined  during  the  process  of  digestion  it  will  be  found  divided  by  a 
muscular  constriction  into  a  large  dilated  left  portion,  and  a  narrow  contracted  tubular  right 
portion.  The  constriction  is  in  the  body  of  the  stomach,  and  does  not  follow  any  of  the 
anatomical  landmarks;  indeed,  it  shifts  gradually  toward  the  left  as  digestion  progresses,  i.  e., 
more  of  the  body  is  gradually  absorbed  into  the  tubular  part  (Figs.  1067,  1068,  1069). 


Position  of  the  Stomach. — The  position  of  the  stomach  varies  with  the  posture,  with  the 
amount  of  the  stomach  contents  and  with  the  condition  of  the  intestines  on  which  it  rests.  In 
the  erect  posture  the  empty  stomach  is  somewhat  J-shaped;  the  part  above  the  cardiac  orifice 
is  usually  distended  with  gas;  the  pylorus  descends  to  the  level  of  the  second  lumbar  vertebra 
and  the  most  dependent  part  of  the  stomach  is  at  the  level  of  the  umbilicus.  Variation  in  the 
amount  of  its  contents  affects  mainly  the  cardiac  portion,  the  pyloric  portion  remaining  in  a  more 
or  less  contracted  condition  during  the  process  of  digestion.  As  the  stomach  fills  it  tends  to 
expand  forward  and  downward  in  the  direction  of  least  resistance,  but  when  this  is  interfered 
with  by  a  distended  condition  of  the  colon  or  intestines  the  fundus  presses  upward  on  the  liver 
and  diaphragm  and  gives  rise  to  the  feelings  of  oppression  and  palpitation  complained  of  in 
such  cases.  His1  and  Cunningham2  have  shown  by  hardening  the  viscera  in  situ  that  the  con¬ 
tracted  stomach  has  a  sickle  shape,  the  fundus  looking  directly  backward.  The  surfaces  are 
directed  upward  and  downward,  the  upper  surface  having,  however,  a  gradual  downward  slope 
to  the  right.  The  greater  curvature  is  in  front  and  at  a  slightly  higher  level  than  the  lesser. 

1  Archiv  fQr  Anatomic  und  Physiologic,  anat.  Abth.,  1903. 

'* Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  45,  part  i. 


11:74  jmtyFWNOJJXlY 

The  position  of  the  full  stomach  depends,  m  already  indicated,  or#  f  fee  frtpatoj  of  the  muxxmt: 
when  these  are  empty  the  fuhdte*  expaafe  vertk^iily  aiiei  Hte*  UsWatd  the  pyk*ru&  is  si !wplact3 
toward  the  ri^ht  arid  the  jvhofe org&$  t&steftm  &ih  oblique  position,  m  that  art? 

more  iorivatd  Slui  b&j&w&ttL  Th^  lowi^i  part  of  the  stomach  i8>H-b§  p.vjotte.  vestibule.  jrh«& 
reaches  to  the  region  of  the  umbilicus  WWo  ft#  toteatiffeft  uderiVre  vetfo  the  dwurwA 
expuPsfctfi  of  the  fundus  the  st.oma.ch  retains  ihe  hdriaontat  pdaUiem  which  hi  ^hamjetasir  iA  , 
the  contracted  viscusp 

Exuminaiiun  of <l<jrii3r.|f-'  .life  by  *sc-rays  hoa  ^onfirraed  -'  ‘.findings.  wit' fa* 

demount  rated  that,  m  the  .tfjp&gt  posture,  the  foil  stomach  usually  prints  %  knokdik*  apiw 
ance,  the  long  axis  of  the  clinical  fundus-  being  directed  downward,  xm^dialward,,  ar«»i  ’ 

toward  the  umbitfeu$,  wlyte  :th^  pyloric  pworticat  cn^ns  CpWafd  to  the  docdenopyi^e  i^«ox? 

Isterlor  of  $b& tVhvn  extauiaed  after,  death,  the  stomach  it  .usually  rt  v.- 1  $  jra 
temporary  stage  of  the  chge^live  process.  A  common  form  is.  that  shown  in  Fig.  h«t.  V  <?* 
viscits  be  laid  open  hy  a  section  through  the  plane  of  its  two  curvature?. )  c  r&  &€*■&.  to  oratst  jd 
two  segmentsc.  Qt)  a  tagd  p6^fyu  bn  left  and  (h)  a  narrow  tubuto  psit  vn  Ifc 

right.  These  correspond  Yet  the  clhiicaj  subdivisions  of  fundus  md  pyloric  pernor.*  klrs^ir 
described,  and  &p£  ^epara^d  by  a  constriction  wfdvh  indents  f  be  \i&Xy  &n>S  gttxfer  eurvxw. 
but  does  not  involve  the  envy  at  Qte>  To  the  k-ft  of  the  cardiac  orifice  is  !h>3 

cardiaea:  the  pro  j  notion  -  of  ibis :.  »bb$r  'ihrift Yb»  ca  vity  of  th^st&maeb  .*$  the  **gj& 

distends.,,  and  has  been -aitpposcxi;  to  4*H  :m  a  valve  preventing  ra$urgiitatk>Q  law  the 
In  the  pyloric  portioa  are  seKn ;  (a)  the  cl^yatioa  corresponding  to  the  mrisura  *ari 

(b)'  the  circular  f:aoji&)$*a  ,£r6hV':the-  duodenupykirie  constriction  which  forms:  I  lie  pyloric 
the  separation  of  tile  pylbnc  rmirom  froid  the1  rw»t  of  rite  py tone  part  is-  »nftrridy  utikca**! 


Fit*  \0t\j/  ^  iri%4xfiot  of  thn  stomach. 


The  pyloric  valve  (mlmlo  pyhri)  is  formed  by  a  reduplienxibn  of  rin 
membrane  of  the  atomaeli,  covering  &  mtlscular  ring  eonjj|a>?(^l  *>f  I#*" 

tioh  af  the  -circular  layer  of  the  muscutar  coat.  )'y"-';^ 

fibers  turn  in  and  ii?terfn»*e  with  the  circular  filters  of  the  valve 

Structure. The  wail  of  the  mi&bph  confute  of  four  coats;  **r<Mis, .  mwextistf,  ***»*:. 
mu?ou$?  fcfigeriier  with  vaeraote  and  tjtfnto. 

The  (tunica  smm)  IS  derived  fmtn  the  peritoneum, f  and  <*«>vors;-the  fwn*y 

of ^  the  organ,  exoi-pwng  along  the  greater- nod  lv**er  curv^iuroa  sit  the  points  oi  s>l\w\mw  - 
the  ^t^atdr;  ttndd^sser  hem ;ibc-  Wo  inyera  uf  ^ritonuiuu  l^aye  &  small  *ntonwU(X 

along  whieh  ih^ .nxitwnYy^'fe'.and  Ctri  the  -posterior  surhiee  or  ihC  dC^^4i 

cloio  to  tHo  c^fliac  oririeOj  there  is  atwp.  fi  fete al I  tpya  uneu by  peritoneum,  whert 
is  m  contttdt  Vvith  the  imder  «urifk>e  of  thC  liii^hjragm  ,  -  ‘ 

The  masculat  coat  (tunica  tnuaeularis)  (Figs.  1Q7!»  107^)  r* ^tuated.  imcnedteUMv  btu™*  *-** 
mmu*  riwiring,  with  ..which  it  is  rioseJ.v  rotioertKL  If  '*>t .thjr<?»?;  r.^r-v 

l'il« I  on  git,. .idinah  rirouTar  And  obfifiUP- 

Tte  loinjiivduuil  fibers  {.stratum  lonttilvdinate)  ore  the  tonet  sd(>eriihii#lr;  a«d  a^e  mute*  5 


THE  STOMACH 


t  wo  Tuft  first  4fci  cOasieta  tfi  fibera  cantrip  ticftis-  with  thf-  Jougiti 
they  radiate  m  u  stellate,  manner  from  the  cardiac  orifice  ou4  are 
•^fomr..pori.kaa  ik  reached .  T he  setxm <f  get  ootmueaceii  on  the  l;*o< 


faiuy* 


Wtm 


Klc  107 1  —The  ltingittitlmul  na<f  cilcnlar  liber*  3/ lie*  aiowukch.  vhrir-e/f  Ijtow  tiheyc.  an/ftn  fV^M  \ 


to  the  right,  its  .fibers,  becoming  more  thickly  diktirihtrtftd  as  t  hey  approach  the.  pylon  is  Sonic 
of  the.inore  ^ui^rllQiiiLt. pass  cm  Ui  the  fitWenurri,  hut,  the  ffet?  '.Sip  inward 

ami  interlace  with  the  {Hfeiiinr  fifes  of  lhft  pytorie  vaive. 


msm 


P)iU,ri*y 


£i*i'  ip7&-*rThe.'  wuacrilar  fibers  of  the  stomach.  rirwtxi  fr>K'»  Aro^t  uu»l,  lb  frbiit. 


•fspijfvh^r^.v 

The  WciiUir  phi^ff*.  i MnUum  circtdare)  /firm  .%  uniform  layer  (yyrr  the  whole  exUsht  of  f  he  sromao^ 

».W4.>^^vkiviiV-  ..  T  £V  t  i.  ^1,.  -4  '  i  ■  ■  «  \  <’>•'■»  ■  •'  '*<**•=:'.:'• 


beneath  }h#;  >>ng7i,UiU-aal  fibers  At  the  pylorus  they  are  un*,»  ahundauh,  and  r»rr  jfep£&  -i  >.'>u. 
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a  circular  ring,  which  projects  into  live  iunrern  siixd  forms,  with  the  fotci  of  membrane 

.covering  its  surface,  the  pyloric  valve*  They  an*  cootmuous  with  die  circular  fibers  of  •  the 
<E»oghagU0,  bat  arc  aharply  marked  off  i)  om  the  dttmte  fibera  of  the  duodenum. 

The  obivjui  fibers  (fibnt  obiiywv)  internal  to  the' 'circular  layer,  are  limited  chiefly  to  tbt 
'  -'cardiac  gbi'd  'tit  the  stomach,  where  they  are  disposed  as  a  thick  unuorro  layer*  covering  both 
surfaces.  edim  passing  obliquely  from  Mt  to  rigtrt^others  freon  right  to  left,  around  the  cardiac 
end; 

The  sreolAr  or  atihuaticotxs  ceat  {(do  mibinueoga)  consists  of  a  loose,  ar^dar  riastK,  couDecrit# 
the  mucous and  mumaibu*  Uxm 

The  mucous  mambrane  Ctumou  muzy$a$  is  thick  and  tU  surface  i&  smooth,  soli.  and  reivety 
In  the  fresh  state  it  is  of  a  pinkish  tinge  at.  the  pyloric  end,  w&  of  a  red  or  widish-lirawD  mhr 
over  the  rest  of  ib  euHa<*e  fr>  iofauhy  it  ig  Of  a  brighter  V&Wfpt  :tedta.ees.  being  more 

marked*  It  is  tlihi  at  the  cardiac  extremity,  but  thicker  toward  the  pylorus*  Tiisring  the  «®* 
tracked  state  of  the  organ  it  thrown  into  numerous  rugae,  which,  for  thfe  most  pan, 

have  a  Ion  gUadmal  directum,  and  jtfe  the  pyloric  end  of  the  sxam&cL 

and  along  the  greater  curvature  fFig.10fOK  The^  folds  are  entirely  obit  lenity  when  the  oipai 
become* -distended.- 


0mm 


Fio  1073  — Section  of  aniCou? mtftnbrac*  of  hu/jiiuri Mottiabh,  ftear  th*  (>•  Kbcwif..  a*fr« f  J.  <r  •/-* 

X  45.  c  Cartfiac  giautla  .  ci(  Thf^rt Ivcts.  &  Gt<*mJ  mmtt&r  in tfie  ifeteiituvif slifc***, 'with  fcoblet>jU*. .  •  Mjk?v*a-- 

Tnipcnbrant?  m.  MUaKSat^*  ^^.  ^VlitwoC^vr  tissue  tsies^bfanc. 

Struct  are  of  1  he  Mtmhra  nc.  ---  W hen  cammed  with  ft  fens,  the  inner  swrfatv  erf  U* 

•  mucous  membrane  r>rc^<H?  &  p^dlkr  hoh^yeohib  with  feriiAll 

shadow  depressions  or  alveoli,  of  a  polygonal  or  hexagonal  form,  which  vary  fern  0.1 2  tp  U23 
thm.  jrp  diameter.  These.  &r«  the  thins  of  t Tie  gastric  glands,  and  at  eaeh  may  bt 


epithelium  oaoimehce^  'yyfjy; abruptly  at  the  c^ii^c  ori&CCj  where  ih f?ri»  auiiden  traiumre 

from  the  riraUhed  epithelium  <4  The  esophagus  y  The  epithelial  lining  of  t£u&  fcl&bd  ducts  h  d 
the  mm*  charucter ‘ohd' 'is contmuous  with  the  general  epithelial  lining  u?  the  stomach  iFig.  ICSjfk 
The  Gastric  Gland**— The  gastric  glands  are  of  three  kinds:,  (a  )  pyloric,  dir#  cardiac,  lixsdM 
fundus  or  oxyntic  glands.  They  are  tubular  in  cho^aerJl  .and  are  formed  of  a  delicate  h»««ire?s 
membrane.  consisting  of  flattened  transparent  eudotheJmi.  edit  lined  by  epithelima.  The  pyksis 
glands  (Fig.  10T<)  are  f bund  in  thv  pyloric  porrloo  of  the  stomach.  They  consist  uf  twr*  ct 
three  short,  closed  tubes  opening  into  a  conunon.  duyt  ur  .mouth.  These  tubes  are  wuvy  :^;i 
are  about  ooe-hftlf  the  length  cif  the  diict.  Tte  columnar  cn-lk  .eoM.mu>a& 

with  the  epithelium  lining  the  surface  of  the  muepns  membr.ariv^  of  the  sfxuwdi,  th«  tub* 
by  ^horier  and  more  cubical  cell,  which  iiri^  finely  The  ^cardiac  glandi  (Fig,  -K<7A/, 

few  in  number,  occur  close  W  the  i*ur<Uuu  iitihee.  They  are  of  twe?  krmls*  Ui  ai tuple  tubikr 
glands  resembling  those  of  the  pyloric  ami  of  tl\c  siomach,  but  with  short  ducU  r  i  o^- 
pftutid  raconio^  g^ds  -f^^bung  the  duod^h^IgWul?  glands  Fig.  (07^1 

found  in  the  body  and  fund  as  of  thi  ^touwh  th.ey  ore  simple  tubes,  two  or  more  of  W&fnb 


apm  into  a  single  duct.  Thetftfpt*.  however*  m  ihrt&e  gianda  &  ^iiurter  than  in  tire  pyloric 
not  amounting  to  more  than  oncysyxth  ^f  the' whofe  length,  of  the  gtad; 
i! Vsjftried  throughout  hyeoiumnar  epithelium .  The  gland  tiii)e&  are  straight  and  jmraiJeltd  each 
o$i&?  At  the  jK*hft  where  they  open  into  the  duct;  which  %s  termed  the  .neck;  the  epithelium 
and  fefisigta  of  short  Alumna r  winch  ablest  fill  the  UijhOt 

9$  that  the  Tumc-rt  becomes  suddenly  vmhitm&S  ami  \h  continued  down  a#  a  very  fine  channel. 
They:  are  ^nown  ^s  the  sfcfef  nr  central  cells  of  the  glands,  l&ryeeu  t  hese  cells  and  the  basement 
Smmhritiie,,  larger  ova!  cell^;  Which  6 tain  deeply  with  are  foUaVH  tb«$&  studded 

throughout  t  he  tube  at  gittng  ifc  a  beaded.' or  variev^up^  Ttoke  are  known 

0$  the  JlWfetftlor  o$yntk  aeUs,  and  they  are  poftnepted  with  the  f>y  finy  channel^  which  run 

into  their  .substance.  Bet wrm  the  glands  the  mucous  nWhbrfme  oblasts  of  a  conoectvve-ossue 
f -with  .lymphoid  l  $&*$&,  In  plnoes,  'cuu^lyjife,  is  collected 

into  little  -masses,  which  lb  a  ftfaiim  stttofcl  resemble  thesd£rit*ry  npibik^of  thninie^^^tod  are 
terened  the  lenticular  ghmds  of  the  stoniac.h.  They  arp  hot;  jscbitUsj^ 

w  the  solitary  nodules,,  Beneath  the  mucous  ^ninbrotne;,  and  b*twmi-;i£  ami  *  fcb^ettbfiiueoua 
cc«&t.  is  a  thin  stratum  -of  involuntary  muscular  fiber  (w uscnbiris  muco$i*)r  w  hich  m  some  parts 
consists  cmly  of  a  single  longitudinal  layer;  in  others  of  ,  two  layers,  &t*  inner  r.lnudtih  ahd  an  outer 
longitudmal.  '  .  .  *  7/  5  .••v',.V  ;  v. 
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Veasais  and  ,K  eives. —The  arteries  supplying  .-the  stomach '  are:-  •  the  left  gaetrii^  the  right 
gastric  and  right  gttetrdepMoia  branches; of;  tlnr  hepatic,  arid  the  left  gastroepiploic  and  short 
gastric  branch!  £  of  the  Vivmd.  They  supply  the  miricul&r coat; jratitify  m  the  submucous coat;  and 
are  huafiy  d.istribmed  to  the  mucous  cn^mbrimc,  The  arriifige.tneiit  0!  the  in  the  mucous 

laonurrur:.-  t:<  .somewhat  peculiar.  The  arteries*  break  Up  at-  the  base  of  the  gastric  tubules  into 
a  plexus  of  ting otpBlaries  which  run  upward  between  the  tubules,  alias  tomosirjg  With vach  oth^r, 
ami  ending  m  a' plexus- of  larger  captllartt^,  which  surround  tfte  ritauihs  of  MW  tubes,  and  also 
form  hexagonal  rueshos  around  the ducts.  From  tbetfe  'the  ytfc*  -.arise.  and  pursue  a  straight 
course  downward,  between  the  tubules,  to  the  submucous  fern-;  they  *$si&  either  in  the  lihiial 
and  superior  nieseiit^tic  veins,  or  directly  in  the  portal  vem..  /fhc  lympltatiCR  Hre  numerous: 
they  consist  of  a  siiperiieml  and  a  deep  set,  and  pass  hvMm  lymph  glands  fkMi.nd  along  the  two 
curvature*  of  the  organ  (page  711),  The  nerves  arc*  the  ternimaJ  branches  of  Mm  right  add  left 
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vagi,  the  former  being  distributed  upon  the  back,  and  the  latter  upon  the  front  part  of  the  organ. 
A  great  number  of  branches  from  the  celiac  plexus  of  the  sympathetic  are  also  distributed  to 
it.  Nerve  plexuses  are  found  in  the  submucous  coat  and  between  the  layers  of  the  muscular  coat 
as  in  the  intestine.  From  these  plexuses  fibrils  are  distributed  to  the  muscular  tissue  aud  the 
mucous  membrane. 

The  Small  Intestine  (Intestinum  Tenue). 

The  small  intestine  is  a  convoluted  tube,  extending  from  the  pylorus  to  the  colic 
valve,  where  it  ends  in  the  large  intestine.  It  is  about  7  metres  long,1  and  gradually 
diminishes  in  size  from  its  commencement  to  its  termination.  It  is  contained  in 
the  central  and  lower  part  of  the  abdominal  cavity,  and  is  surrounded  above  and 
at  the  sides  by  the  large  intestine;  a  portion  of  it  extends  below  the  superior 
aperture  of  the  pelvis  and  lies  in  front  of  the  rectum.  It  is  in  relation,  in  front,  with 
the  greater  omentum  and  abdominal  parietes,  and  is  connected  to  the  vertebral 
column  by  a  fold  of  peritoneum,  the  mesentery.  The  small  intestine  divisible 
into  three  portions;  the  duodenum,  the  jejunum,  and  the  ileum. 


k 
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Fig.  1070. — The  duodenum  and  pancreas. 


The  Duodenum  (Fig,  1070)  has  received  its  name  from  being  about  equal  in 
length  to  the  breadth  of  twelve  fingers  (25  cm.).  It  is  the  shortest,  the  widest, 
and  the  most  fixed  part  of  the  small  intestine,  and  has  no  mesentery,  being  ply 
partially  covered  by  peritoneum.  Its  course  presents  a  remarkable  curve,  some¬ 
what  of  the  shape  of  an  imperfect  circle,  so  that  its  termination  is  not  far  removal 
from  its  starting-point. 

In  the  adult  the  course  of  the  duodenum  is  as  follower  commencing  at  the  pylorus 
it  passes  backward,  upward,  and  to  the  right,  beneath  the  quadrate  lobe  of  the 
liver  to  the  neck  of  the  gall-bladder,  varying  slightly  in  direction  according  to  the 
degree  of  distension  of  the  stomach:  it  then  takes  a  sharp  curve  and  descends 
along  the  right  margin  of  the  head  of  the  pancreas,  for  a  variable  distance,  generally 
to  the  level  of  the  upper  border  of  the  body  of  the  fourth  lumbar  vertebra.  It 

1  Trevea  state*  that,  in.  one  hundred  eases,  the  average  length  of  the  small  intestine  in  the  adult  taak  *** 


6  inches,  and  in  the  adult  female  23  feet  4  inches:  but  that  it  varies  very  tnuch,  tho  extremes  in  the  male  beis*  35  w 
10  inches,  and  15  feet  6  inches.  He  states  that  in  the  adult  the  leogfch  of  the  bowel  is  independent  of  *®f»  fcrwjFhi.  *** 
weight. 


now  takes  ^second  bend,  and  passes,  from  right  to  left  across  the  vertebral  column, 
having  a  slight  inclination  upward;  ftitvl  on  the  left  side  of  the  vertebral  column 
it  j*seeiitis  for  about  2.5  ertfo  and  then  ends  opposite  the  second  lumbar  vertebra 
in  the  jejunum,  As  it  unites  with  the  jejunum  it  turns  abruptly  forward,  forming 
the  duodendojejunal  .Bexar*.  From  the  above  description  it.  will  be  seen  that  the 
duodenum  thay  be  divided  info  four  portions:  superior,  descending,  horizontal, 
and  ascending. 

Beialieuis,,— The  Sttperittf  portion  (pm  superior ;  first  por(wn)  is  about  •*  cm,  Jong. 
Beginning  at  the:  pylorus,  it  ends  at.  the  neck  of  i  he  gall-bladder..  It  is- the  most 
movable  of  the  four  portions,  ft  is  aimo-si  completely  covered  by  peritoneum,  but  a 
small  part  of  its  posterior  surface  hear  tint  neck  of  the  gall-bladder  and  the  inferior 


•  -  '  '  - 
;/r ; t  Prcb*  <n  comtoim 

o*  portion.  o?  the  .duorfotinm,  papilla. 


vena  eav»  is  nntroyemly  the  upper  border  of  its  first  half  has  t  h»  hepafotlMC'denjd 
ligament  attached  to  it,  w  hile  to  the  lower  border  of  the  same  segment  the  greater 
omentum,  k  conaected.  It  is  hi  such  efose,  relation  with  the  gall-bladder  that  it 
is  usually  found  to  be  stained  by  bile  after  death,-  espec  ially  on  its  anterior  surface 
It  is  in  relation  above  and  in  front  with  the  quadrate  lobe  of  the  li  ve;  and  the  pall¬ 


id  adder ;  behind  with  the  gitstrod uodcnut  artery ,  the  common  bile  duct,  and  the 
portal  vein;  and  below  and  behind  with  the  head  and  neck,  of  the  poncrcss. 

The  descending  perfcioa  (par*  iksccndcns;  second pbitim)  is  f row  ?  to  30  cm.,  long,  and 
extends  from  the  rw-ck  of  the  gall-bladder,  on  a  level  n  it  b  the  first  -lumbar  vertebra, 
along  the  right  side  of  the  vertebral  column  aslowraatfu?  upper  border  of  t  he  body 
,»>F.  the  fourth  lumbar  yertebra.  It  is  crossed  in  its  middle  third  by  the  transverse 
colon,  the  posterior  surface  of  which  is  uncovered  by  peritoneum  and  is  connected 
to  the  duwtenutn  by  ».  small  quantity  of  connective  tissue.  The  supra-  and  infra- 
colic  portions  are  covered  in  front  by  peritoneum,  the  infracoiie  part  by  the  right 
leaf  of  the  tnesefitery'.  .fVgrtcriorly  the  descending  portion  of  the  duodenum  is  not 
covered  by  peritrincumy^  ^  in  relathfo,  m  front,  from  above 

downward,  with  the  duodenal  impression  on  the  right  lube  of  the  liver,  the  trans¬ 
verse  colon,  and  the  small  intestipe;  behind,  it  has  a  variable  relaiion  to  the  front 
of  the  right  kidney  in  the  neighborhood  of  the  hibim,  and  is  connected  to  it  by 
loose  areolar  tissue;  the  renal  vessels,  the  inferior  vetia  cava,  and  the  Psoas  below,: 
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are  also  behind  it.  At  its  medial  side  is  the  head  of  the  pancreas,  and  the  common 
bile  duct;  to  its  lateral  side  is  the  right  colic  flexure.  The  common  bile  duct  and 
the  pancreatic  duct  together  perforate  the  medial  side  of  this  portion  of  the  intestine 
obliquely  (Figs.  1077  and  1120),  some  7  to  10  cm.  below  the  pylorus;  the  accessory 
pancreatic  duct  sometimes  pierces  it  about  2  cm.  above  and  slightly  in  front  of  these. 

The  horizontal  portion  ( pars  horizontalis;  third  or  preaortic  or  transverse  portion)  is 
from  5  to  7.5  cm.  long.  It  begins  at  the  right  side  of  the  upper  border  of  the  fourth 
lumbar  vertebra  and  passes  from  right  to  left,  with  a  slight  inclination  upward, 
in  front  of  the  great  vessels  and  crura  of  the  diaphragm,  and  ends  in  the  ascending 
portion  in  front  of  the  abdominal  aorta.  It  is  crossed  by  the  superior  mesenteric 
vessels  and  the  mesentery.  Its  front  surface  is  covered  by  peritoneum,  except 
near  the  middle  line,  where  it  is  crossed  by  the  superior  mesenteric  vessels.  Its 
posterior  surface  is  uncovered  by  peritoneum,  except  toward  its  left  extremity, 
where  the  posterior  layer  of  the  mesentery  may  sometimes  be  found  covering  it 
to  a  variable  extent.  This  surface  rests  upon  the  right  crus  of  the  diaphragm, 
the  inferior  vena  cava,  and  the  aorta.  The  upper  surface  is  in  relation  with  the 
head  of  the  pancreas. 

The  ascending  portion  {pars  ascendens;  fourth  portion)  of  the  duodenum  is  about 
2.5  cm  long.  It  ascends  on  the  left  side  of  the  aorta,  as  far  as  the  level  of  the  upper 
border  of  the  second  lumbar  vertebra,  where  it  turns  abruptly  forward  to  become 
the  jejunum,  forming  the  duodenojejunal  flexure.  It  lies  in  front  of  the  left  Psoas 
major  and  left  renal  vessels,  and  is  covered  in  front,  and  partly  at  the  sides,  by 
peritoneum  continuous  with  the  left  portion  of  the  mesentery. 

The  superior  part  of  the  duodenum,  as  stated  above,  is  somewhat  movable, 
but  the  rest  is  practically  fixed,  and  is  bound  down  to  neighboring  viscera  and  the 
posterior  abdominal  wall  by  the  peritoneum.  In  addition  to  this,  the  ascending 
part  of  the  duodenum  and  the  duodenojejunal  flexure  are  fixed  by  a  structure 
to  which  the  name  of  Musculus  suspensorius  duodeni  has  been  given.  This  structure 
commences  in  the  connective  tissue  around  the  celiac  artery  and  left  crus  of  the 
diaphragm,  and  passes  downward  to  be  inserted  into  the  superior  border  of  the 
duodenojejunal  curve  and  a  part  of  the  ascending  duodenum,  and  from  this  it  is 
continued  into  the  mesentery.  It  possesses,  according  to  Treitz,  plain  muscular 
fibers  mixed  with  the  fibrous  tissue  of  which  it  is  principally  made  up.  It  is  of 
little  importance  as  a  muscle,  but  acts  as  a  suspensory  ligament. 

Vessels  and  Nerves. — The  arteries  supplying  the  duodenum  are  the  right  gastric  and  superior 
pancreaticoduodenal  branches  of  the  hepatic,  and  the  inferior  pancreaticoduodenal  branch  of 
the  superior  mesenteric.  The  veins  end  in  the  lienal  and  superior  mesenteric.  The  nems  are 
derived  from  the  cceliac  plexus. 

Jejunum  and  Ileum. — The  remainder  of  the  small  intestine  from  the  end  of  the 
duodenum  is  named  jejunum  and  ileum;  the  former  term  being  given  to  the  upper 
two-fifths  and  the  latter  to  the  lower  three-fifths.  There  is  no  morphological  line 
of  distinction  between  the  two,  and  the  division  is  arbitrary;  but  at  the  same  time 
the  character  of  the  intestine  gradually  undergoes  a  change  from  the  commence¬ 
ment  of  the  jejunum  to  the  end  of  the  ileum,  so  that  a  portion  of  the  bowel  taken 
from  these  two  situations  would  present  characteristic  and  marked  differences. 
These  are  briefly  as  follows: 

The  Jejunum  {intestinum  jejunum)  is  wider,  its  diameter  being  about  4  cm., 
and  is  thicker,  more  vascular,  and  of  a  deeper  color  than  the  ileum,  so  that  a  given 
length  weighs  more.  The  circular  folds  {valvulce  conniventes)  of  its  mucous  mem¬ 
brane  are  large  and  thickly  set,  and  its  villi  are  larger  than  in  the  ileum.  The  aggre¬ 
gated  lymph  nodules  are  almost  absent  in  the  upper  part  of  the  jejunum,  and  in 
the  lower  part  are  less  frequently  found  than  in  the  ileum,  and  are  smaller  and  tend 
to  assume  a  circular  form.  By  grasping  the  jejunum  between  the  finger  and  thumb 
the  circular  folds  can  be  felt  through  the  walls  of  the  gut;  these  being  absent  in 
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Fjlo.  1078. — Section  of  duodenum  of  cat,  (After  Schafer.)  X  60. 

the  ileum  occupies  chiefly  the  umbilical,  hypogastric,  right  iliac,  and  pelvic  regions. 
The  terminal  part  of  the  ileum  usually  lies  in  the  pelvis,  from  which  it  ascends  over 
the  right  Psoas  and  right  iliac  vessels;  it  ends  in  the  right  iliac  fossa  by  opening 
into  the  medial  side  of  the  commencement  of  the  large  intestine.  The  jejunum 
and  ileum  are  attached  to  the  posterior  abdominal  wall  by  an  extensive  fold  of 
peritoneum,  the  mesentery,  which  allows  the  freest  motion,  so  that  each  coil  can 
accommodate  itself  to  changes  in  form  and  position.  The  mesentery  is  fan-shaped ; 
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the  lower  part  of  the  ileum,  it  is  possible  in  this  way  to  distinguish  the  tipper 
from  the  lower  part  of  the  small  intestine. 

The  Ileum  (infest inum  ileum)  is  narrow,  its  diameter  being  3,75  cm.,  arid  its 
coats  thinner  and  less  vascular  than  those  of  the  jejunum.  It  possesses  but  few 
circular  folds,  and  they  are  small  and  disappear  entirely  toward  its  lower  end, 
but  aggregated  lymph  nodules  (Peyer’s  patches)  are  larger  and  more  numerous. 
The  jejunum  for  the  most  part  occupies  the  umbilical  aud  left  iliac  regions,  while 
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5 1 m. lung,  is  to  the  posterior  atatommaj 


its  posteriur  l»or<i«T  or  root  ,ab<AUl ,  t,w,  , 
wall  from  the  leftside**!  tty:  l$d$;£;.f  tWiwud  lumbar  vertebra  to  the  ryjhi£»e/Q- 
iliac  articulation,  crossiiig  suvees-sivdy  the.  horizontal  part  of  the  dUodemun,  the 
aorta,  the  infenpr  tettif  tjava,  the  ureter,  tend  right  Psoas  musde  (Fig.  lOOO),  its 
breadth  between  ks  vertebra!  and  intestinal  bur.lers  averages  About  20 cm.,  arid  is 
greater  in  the  middle  than  at.  its  tipper  and  lower  ends.  According  to  Lockwood  it 
tends  to  im-rt  a-ve  in  breadth  as  age  advance*.  Between  the  two  layers  of  which  it  is 
composed  are  containi'd  Wf>CHlvtesekv  nerves,  lactcals,  and  lymph  glands,  together 
with  a  variable  amount  of  fat. 


i  ':/Urrl  h'.rUal 

Snkioih  *nij*cUMw* ?'•' 
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Kj#  1 0*0- — Tran  averse  afccOutr  txT 
tine.  (v\  Etoier.;  X  350.  liieKinrstrit*,  hxr*.  «ftsrw- 

whai-  alirunkec  :u*ray  from  tine.  «niii<jyfiura  t.  l^«v5L' V 
CoXumWr  *i>rtbdrimn  »i.  J  ty>  vtn+t&i  hofdtt.  jy  GqW*1  #s&t- 
J,  L«ftn»flyuj*  m  epithelium-.-  *  X.t^ci»v>y?<w  IkIo* 
q.  Bioolveeaei^.  h,  TvlusL-Je  «?iif  u.cioa*; 


i  ^  \  —  v>tt  jc*{  of  a  ,riUua  from  the 


small. X  80 


Meek*!'*  BiY*rbe!h(ni&  •  -8*i t  >-?&**#  cdosko  Ot  a  pov eh  which  ptQiecU  fmsm  \  h* 

i.-vbpr  part,,  of  the  ihnun  m  about.  2  per  coni .  of  subjects,  Its  *r&a$e  position  is  about  X  in*  us 
Mboyd  the  eqlKt  vrfU^^,  atni  if^  nrcfwgc  length  about  ?  cm-  It?  caliber  is  f^vp^y, $m8&ir  to  lh& 
of  The  Tfcunii  tuni  its Mind  wiaw^y  .'rhfe.y  bo  in*  or  may  i>c  cooirtec^i  with  -the  abdominal  V7i41 
or  tfitbr  some  irtjbx?r  jtorfifpn  .*jf ’th#  \hx*zzihi#  by  it.  fibrous  IvmtL  It  represents  the  ’of 

tte  prowualpan  of  Ifctf  W^umo  £fe$*  the?  duet  oi  immunisation  bclw^Dca  the  yofk-&ic,  Mid  the 
priimtfe  <H{o^Uvc  tube  in  earjy  MaI  life. 

Structure.— The  wall  oC  the  small  mtc^tine  JOb'/  i$  rompmed-^ '  four-  mats:'  &*s?ou»* 

muscalary areolar,  wk\  inucoua. 

The  (Ivmm.  ecnwi )  13  *l.zriv&t  iymi ' the- pert tura-tiur.,  Tho  Sfupoyjotr  ,x»ort  ion  oi.  the 

duod^um  ia  tijjtmosl  completely  finrmundetl  by  this  xnextihvwv?  Xtmr  ii%  pylonc  e»d>  blit  is  outy 
c.*:.'V‘'r.'*»i  in  i.ror.f  ;tf  t.h<?  on>r  fmr^ixiiy:  iM  dw+pdiug  por(i<m  i$  Cvvwd  by  ft  m  Croat  txrcvr 
b'tee  it  fc'i&m&i  off  by  Ujc  keoxisv^r^  culoq;arwi  the  iftlerw  poitioa  hw  behind  the  peritoneum 
whicii  . passed  oyer  it  without  beittjp;  rlosoly  incorpfiratefi  w^ith  the  olher  coast*  .vf  *3iL*  p.&t  uf  the 
uitv^tiii.c*  'OX'}  pntta&i  from  it  in  w\d  nM.r  the  middle  tme  by  Uic' in^ntenc  vesatia. 
The  rest  oi  the  ’sornl!  inlcHtiuu  i «  hurround^i  by  the  peiVloneuin,  «iion^  its  atiacboi 

or  n».?>'vnter:iC  border;  here  a  is  left  t-Ke  vessels  arid  perves  to.pa^.te.  th* 

The  musmikf  eo&fc  wvictikrtx)  wmmtit  two  kyers  oi  iir,>tnr^I  hbm:  an  esterjud.. 

Ipogit^diiad^jui^  on  jntenmj,  ciitruiAt  htyei,  .  The  i on$&u<d intit  fMsm  ar^v “IfiitiXy  i^siiiered  over  the 
surface  of  thjr  rntetui^  Sh#  more  dktmet  Along  its  free  Tjorder.  line  drnrfitr  jiber*  kmn  a 
thick,  on  if  orm  layer.  mu\  are  i-otnposed  of  pkm  luusck  cells'  of ^  constdetyhfc  length.  The  xuji^ 
cuke  vbrn t;  ia  til fhb  UpphT at:  the  lower  part  of  the  small  infcc^tih^ 

The  areolar  dr  snhatucwi^  coat  iftda  mbrmta*M)  connect*  together  the  m.nooUs  .aiui  muscu&r 
layers.  It  inoBib  Of tissue  contauxing.  bloodvessels,  lyxophatk*,  antf  - 

nerves.  It  r?'  UiycrhC  tliV '-Intestine. 


THE  SMALL  INTESTINE 


Th£  macoua  membrane  (tami*  vwcosa)  is  thick  and  hi^hJy  viteiniistr  at,  the  upper  pari  of 
the  small  tnt<2stiue,  but  somewhat  paler  and  thinner  below.  li  consists  of  t  he  following  structures: 
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from  thia  point,  down  to  the  middle  of  the  ileum,  they  diminish  considerably  in  size.  In  the 
lower  part  of  the  ileum  they  almost  entirely  disappear;  hence  the  comparative  thinness  of  do* 
portion  of  the  intestine,  as  compared  with  the  duodenum  and  jejunum-  The  circular  folds 
retard  the  passage  of  the  food  along  the  intestines,  and  afford  an  increased  surface  for  absorplioo. 


Fia  1083. — Vertical  section  of  a  human  aggregated  lymphatic  nodule,  injected  through  its  lymphatic  riaa:?  * 
Villi  with  their  chyle  passages,  b.  Intestinal  glands,  c.  Museularis  mucosa*,  rf.  Cupola  or  apex  of  solitary  ieslMr 
e.  Mesial  atone  of  nodule.  /.  Base  of  nodule,  g.  Points  of  e*it  of  the  laeteais  from  the  villi,  and  entrance  into  fcfc*  m# 
mucous  membrane,  h.  Rotiforrn  arrangement  of  the  lymphatics  in  the  mesial  zone  i  Course  of  the  latter  &  e* 
base  of  the  nodule,  k.  Confluence  of  the  lymphatics  opening  into  the  vessels  of  the  submucous  tissue  i  Ft&Httisr 
tissue  of  the  latter. 


Capdltiry  mt  mrk 


Fiq.  1084. — Transverse  section  through  the  equatoriol 
plane  of  three  aggregated  lymphatic  nodules  from  the 
rabbit. 
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found  in  considerable  numbers  over  every  part  of  the  mucous  membrane  of  the  small  intestine. 
They  consist,  of  minute  tubular  depressions  of  the  mucous  membrane,  arranged  perpendicularly  to 
the  surface,  upon  which  they  open  by  small  circular  apertures.  They  may  be  seen  with  the  aid 


Twelve  feet. 


Seventeen  feet.  Twenty  feet. 

Ftoe.  IQS5,  10S<»,  10S7,  1088,  1089,  1090  — Diagram*  showing  the  arrangement.  and  variations  of  the  loops  of  the 
meaemcric  vmeto.  for  various  segment*  of  the  small  intestine  of  average  length  Nearest  the  duodenum  the  mesenteric 
•loop*  are  primary,  the  vaea  recta  are  Jong  ami  regular  in  distribution,  and  the  translucent  spaces  (lunette*)  are  extensive. 
Toward  the  ileocolic  junction,  secondary  and  tertiary  loops  are  observed,  the  vessels  are  smaller  and  Income  obscured 
by  numerous  fat-tabs.  (After  Monks ) 
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of  a  lens,  their  orifices  appearing  as  minute  dots  scattered  between  the  villi.  Their  walls  are 
thin,  consisting  of  a  basement  membrane  lined  by  columnar  epithelium,  and  covered  on  their 
exterior  by  capillary  vessels. 

The  duodenal  glands  (glandulcp  duodenales  [Brunneri];  Brunner’s  glands)  are  limited  to  the 
duodenum  (Fig.  1078),  and  are  found  in  the  submucous  areolar  tissue.  They  are  largest  and  most 
numerous  near  the  pylorus,  forming  an  almost  complete  layer  in  the  superior  portion  and 
upper  half  of  the  descending  portions  of  the  duodenum.  They  then  begin  to  diminish  in 
number,  and  practically  disappear  at  the  junction  of  the  duodenum  and  jejunum.  They  are 
small  compound  acinotubular  glands  consisting  of  a  number  of  alveoli  lined  by  short  columnar 
epithelium  and  opening  by  a  single  duct  on  the  inner  surface  of  the  intestine. 

The  solitary  lymphatic  x&odules  ( noduli  lymphatici  solitarii ;  solitary  glands)  are  found  scattered 
throughout  the  mucous  membrane  of  the  small  intestine,  but  are  most  numerous  in  the  lower 
part  of  the  ileum.  Their  free  surfaces  are  covered  with  rudimentary  villi,  except  at  the  sum* 
mits,  and  each  gland  is  surrounded  by  the  openings  of  the  intestinal  glands.  Each  consists  of  a 
dense  interlacing  retiform  tissue  closely  packed  with  lymph-corpuscles,  and  permeated  with  an 
abundant  capillary  network.  The  interspaces  of  the  retiform  tissue  are  continuous  with  larger 
lymph  spaced  which  surround  the  gland,  through  which  they  communicate  with  the  lacteal 
system.  They  are  situated  partly  in  the  submucous  tissue,  partly  in  the  mucous  membrane, 
where  they  form  slight  projections  of  its  epithelial  layer  (see  Fig.  1102). 

The  aggregated  lyzhphatac  nodules  ( noduli  lymphatici  aggregati ;  Payer's  patches;  Peyer's  glands ; 
agminated  follicles;  tonsiUce  inlestinales)  (Fig.  1083)  form  circular  or  oval  patches,  from  twenty 
to  thirty  in  number,  and  varying  in  length  from  2  to  10  cm.  They  are  largest  and  most  numerous 
in  the  ileum.  In  the  lower  part  of  the  jejunum  they  are  small,  circular,  and  few  in  number. 
They  are  occasionally  seen  in  the  duodenum.  They  are  placed  lengthwise  in  the  intestine,  and 
are  situated  in  the  portion  of  the  tube  most  distant  from  the  attachment  of  the  mesentery.  Each 
patch  is  formed  of  a  group  of  solitary  lymphatic  nodules  covered  with  mucous  membrane,  but 
the  patches  do  not,  as  a  rule,  possess  villi  on  their  free  surfaces.  They  are  best  marked  in  the 
young  subject,  become  indistinct  in  middle  age,  and  sometimes  disappear  altogether  in 
advanced  life.  They  are  freely  supplied  with  bloodvessels  (Fig.  1084),  which  form  an  abundant 
plexus  around  each  follicle  and  give  off  fine  branches  permeating  the  lymphoid  tissue  in  the 
interior  of  the  follicle.  The  lymphatic  plexuses  are  especially  abundant  around  these  patches. 

Vessels  and  Nerves. — The  jejunum  and  ileum  are  supplied  by  the  superior  mesenteric  artery, 
the  intestinal  branches  of  which,  having  reached  the  attached  border  of  the  bowel,  run  between 

the  serous  and  muscular  coats,  with  frequent  in¬ 
osculations  to  the  free  border,  where  they  also 
anastomose  with  other  branches  running  around 
the  opposite  surface  of  the  gut.  From  these 
vessels  numerous  branches  are  given  off,  which 
pierce  the  muscular  coat, supplying  it  and  forming 
an  intricate  plexus  in  the  submucous  tissue. 
From  this  plexus  minute  vessels  pass  to  the  glands 
and  villi  of  the  mucous  membrane.  The  veins 
have  a  similar  course  and  arrangement  to  the 


Fia.  1092. — The  plexus  of  the  submucosa  from  the 
rabbit.  X50. 

arteries.  The  lymphatics  of  the  small  intestine  (lacteals)  are  arranged  in  two  sets,  those  of  the 
mucous  membrane  and  those  of  the  muscular  coat.  The  lymphatics  of  the  villi  commence  in 
these  structures  in  the  manner  described  above.  They  form  an  intricate  plexus  in  the  mucous 
and  submucous  tissue,  being  joined  by  the  lymphatics  from  the  lymph  spaces  at  the  bases  of 
the  solitary  nodules,  and  from  this  pass  to  larger  vessels  at  the  mesenteric  border  of  the  gut.  The 
lymphatics  of  the  muscular  coat  are  situated  to  a  great  extent  between  the  two  layers  of  muscular 
fibers,  where  they  form  a  close  plexus;  throughout  their  course  they  communicate  freely  with 
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the  lymphatics  from  the  mucous  membrane,  and  empty  themselves  in  the  same  manner  as 
these  into  the  origins  of  the  lacteal  vessels  at  the  attached  border  of  the  gut. 

The  nerves  of  the  small  intestines  are  derived  from  the  plexuses  of  sympathetic  nerves  around 
the  superior  mesenteric  artery.  From  this  source  they  run  to  the  myenteric  plexus  ( Auerbach's 
plexus)  (Fig.  1091)  of  nerves  and  ganglia  situated  between  the  circular  and  longitudinal  mus¬ 
cular  fibers  from  which  the  nervous  branches  are  distributed  to  the  muscular  coats  of  the 
intestine.  From  this  a  secondary  plexus,  the  plexus  of  the  submucosa  (Meissner's  plexus) 
(Fig.  1092)  is  derived,  and  is  formed  by  branches  which  have  perforated  the  circular  muscular 
fibers.  This  plexus  lies  in  the  submucous  coat  of  the  intestine;  it  also  contains  ganglia  from 
which  nerve  fibers  pass  to  the  muscularis  mucosae  and  to  the  mucous  membrane.  The  nerve 
bundles  of  the  submucous  plexus  are  finer  than  those  of  the  myenteric  plexus. 


The  Large  Intestine  (Intestimim  Crassum). 

The  large  intestine  extends  from  the  end  of  the  ileum  to  the  anus.  It  is  about 
1.5  meters  long,  being  one-fifth  of  the  whole  extent  of  the  intestinal  canal.  Its 
caliber  is  largest  at  its  commencement  at  the  cecum,  and  gradually  diminishes 
as  far  as  the  rectum,  where  there  is  a  dilatation  of  considerable  size  just  above 
the  anal  canal.  It  differs  from  the  small  intestine  in  its  greater  caliber,  its  more 
fixed  position,  its  sacculated  form,  and  in  possessing  certain  appendages  to  its 
external  coat,  the  appendices  epiploicm.  Further,  its  longitudinal  muscular  fibers 
do  not  form  a  continuous  layer  around  the  gut,  but  are  arranged  in  three  longitudinal 
bands  or  tanim.  The  large  intestine,  in  its  course,  describes  an  arch  which  sur¬ 
rounds  the  convolutions  of  the  small  intestine.  It  commences  in  the  right  iliac 
region,  in  a  dilated  part,  the  cecum.  It  ascends  through  the  right  lumbar  and  hypo¬ 
chondriac  regions  to  the  under  surface  of  the  liver;  it  here  takes  a  bend,  the  right 
colic  flexure,  to  the  left  and  passes  transversely  across  the  abdomen  on  the  confines 
of  the  epigastric  and  umbilical  regions,  to  the  left  hypochondriac  region;  it  then 
bends  again,  the  left  colic  flexure,  and  descends  through  the  left  lumbar  and  iliac 
regions  to  the  pelvis,  where  it  forms  a  bend  called  the  sigmoid  flexure;  from  this  it 
is  continued  along  the  posterior  wall  of  the  pelvis  to  the  anus.  The  large  intestine 
is  divided  into  the  cecum,  colon,  rectum,  and  anal  canal. 

The  Cecum  (intestinum  ccecum)  (Fig.  1093),  the  commencement  of  the  large 
intestine,  is  the  large  blind  pouch  situated  below  the  colic  valve.  Its  blind  end 
is  directed  downward,  and  its  open  end  upward,  communicating  directly  with  the 
colon,  of  which  this  blind  pouch  appears  to  be  the  beginning  or  head,  and  hence  the 
old  name  of  caput  cacum  coli  was  applied  to  it.  Its  size  is  variously  estimated  by 
different  authors,  but  on  an  average  it  may  be  said  to  be  6.25  cm.  in  length  and  7.5  in 
breadth.  It  is  situated  in  the  right  iliac  fossa,  above  the  lateral  half  of  the  inguinal 
ligament :  it  rests  on  the  Iliacus  and  Psoas  major,  and  usually  lies  in  contact  with  the 
anterior  abdominal  wall,  but  the  greater  omentum  and,  if  the  cecum  be  empty, 
some  coils  of  small  intestine  may  lie  in  front  of  it.  As  a  rule,  it  is  entirely  enveloped 
by  peritoneum,  but  in  a  certain  number  of  cases  (5  per  cent.,  Berry)  the  peritoneal 
covering  is  not  complete,  so  that  the  upper  part  of  the  posterior  surface  is  uncovered 
and  connected  to  the  iliac  fascia  by  connective  tissue.  The  cecum  lies  quite  free 
in  the  abdominal  cavity  and  enjoys  a  considerable  amount  of  movement,  so  that 
it  may  become  herniated  down  the  right  inguinal  canal,  and  has  occasionally 
been  found  in  an  inguinal  hernia  on  the  left  side.  The  cecum  varies  in  shape,  but, 
according  to  Treves,  in  man  it  may  be  classified  under  one  of  four  types.  In  early 
fetal  life  it  is  short,  conical,  and  broad  at  the  base,  with  its  apex  turned  upward 
and  medialward  toward  the  ileocolic  junction.  It  then  resembles  the  cecum  of  some 
monkeys,  e.  g.,  mangabey  monkey.  As  the  fetus  grows  the  cecum  increases  in 
length  more  than  in  breadth,  so  that  it  forms  a  longer  tube  than  in  the  primitive 
form  and  without  the  broad  base,  but  with  the  same  inclination  of  the  apex  toward 
the  ileocolic  junction.  This  form  is  seen  in  other  monkeys,  e .  g.,  the  spider  monkey. 
As  development  goes  on,  the  lower  part  of  the  tube  ceases  to  grow  and  the  upper 
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part  becomes  greatly  increased,  so  that  at  birth  there  is  a  narrow  tube,  the  vermi¬ 
form  process,  hanging  from  a  conical  projection,  the  cecum.  This  is  the  infantile 
form,  and  as  it  persists  throughout  life  in  about  2  per  cent,  of  cases,  it  is  regarded 
by  Treves  as  the  first  of  his  four  types  of  human  ceca.  The  cecum  is  conical  and 
the  appendix  rises  from  its  apex.  The  three  longitudinal  bands  start  from  the 
appendix  and  are  equidistant  from  each  other.  In  the  second  type,  the  conical 
cecum  has  become  quadrate  by  the  growing  out  of  a  saccule  on  either  side  of  the 
anterior  longitudinal  band.  These  saccules  are  of  equal  size,  and  the  appendix 
arises  from  between  them,  instead  of  from  the  apex  of  a  cone.  This  type  is  found 
in  about  3  per  cent,  of  cases.  The  third  type  is  the  normal  type  of  man.  Here 
the  two  saccules,  which  in  the  second  type  were  uniform,  have  grown  at  unequal 
rates:  the  right  with  greater  rapidity  than  the  left.  In  consequence  of  this  an 
apparently  new  apex  has  been  formed  by  the  grow  ing  downward  of  the  right  sac¬ 
cule,  and  the  original  apex,  w'ith  the  appendix  attached,  is  pushed  over  to  the  left 


Ttrmitf&i  pcrrt  oj  wUry 


Cecal  brrmthts 


tUai  branches 


Fig.  1093. — The  cecum  and  vermiform  process,  with  thetr  arteries. 


toward  the  ileocolic  junction.  The  three  longitudinal  bands  still  start  from  the 
base  of  the  vermiform  process,  but  they  are  now  no  longer  equidistant  from  each 
other,  because  the  right  saccule  has  grown  between  the  anterior  and  postero¬ 
lateral  bands,  pushing  them  over  to  the  left.  This  type  occurs  in  about  90  per 
cent,  of  cases.  The  fourth  type  is  merely  an  exaggerated  condition  of  the  third, 
the  right  saccule  is  still  larger,  and  at  the  same  time  the  left  saccule  has  become 
atrophied,  so  that  the  original  apex  of  the  cecum,  with  the  vermiform  process,  is 
close  to  the  ileocolic  junction,  and  the  anterior  band  courses  medialward  to  the 
same  situation.  This  type  is  present  in  about  4  per  cent,  of  cases. 

The  Vermiform  Process  or  Appendix  (processus  venniformis)  (Fig.  1093)  b  a  ioogr 
narrow',  worm-shaped  tube,  which  starts  from  w  hat  was  originally  the  apex  of  the 
cecum,  arid  may  pass  in  one  of  several  directions:  upward  behind  the  cecum;  to 
the  left  behind  the  ileum  and  mesentery  ;  or  downward  into  the  lesser  pelvis.  It 
varies  from  2  to  20  cm.  in  length,  its  average  being  about  8.3  cm.  It  is  retained 
in  position  by  a  fold  of  peritoneum  (mesenteriole),  derived  from  the  left  teal  of 
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the  mesentery.  This  fold*  in  the  majority  of  eases,  is  more  or  Jess .  .triiugnJar  in 
shape,  anil  as  a  rule  extends  along  the  entire  length  of  the  tithr:.  Between  its  tv;o 
layers  and  close  to  its  free  margin  lies  the  appendicular?^  The  canal 

of  t  he  vermiform  process  is  small,  extends  thrcwghci!J^ 

and  communicates  with  the  cecum  by  an  orifice  which  cs  plteed ;tpeh'Ov-«ud -behind 
the  ileocecal  opening.  It  is  sometimes  guarded  by  a  senukinar  valve  formed  by  a 
fold  of  mucous  membrane,  but  this  Is  %  ***>' 

Structure. — The  veat*  of  the  vermiform  are  the  anme  as  those  of  the  intestine.:  seftius, 

nnisctilar,  submucous,  and  mucous.  The  3*fOOg  coafc  forms  a  roaudete  investment  far the  .tube, 
except  aiong^  the  narrow  line  of  attachment  of  it®  nrt^uaienbUv in:  p'Mxiniat  twcHthinfe.  Th© 
lanftitudimd  rnmmdar  fibers  rJo  not  form  three  huJ«i$  a*  in  the  greater  p&n  of  the  large  intestine, 
but  invest  the  whole  organ, .except  at  uue^r  two  point*  where  Ivoth  th«? ' longitudinal- ami  cMr.utor 
fibers  .are.  deficient  so  that  the  peritoneal  -and  mbsmu.om  coat  s.  &n>  contiguous  <y.  n\  *nmK  nmts. 

The  circular  'mimefc  fibers  fomi  &.  much  tlnektr  foyur  than  .tW  fttera,  are 

wpiirat&y  fyvm  ilieri  by  a.  small  tmimmi  nt  cormeetivc  tissue  The  aubmucowd  coat  is  iVdl 
marked,  and  cdrttiaos  a  krge  number  of  mmm;  of  tyn>pbo?4  the  (hmeoue 

membrane  to  bu{g^  into  the $o  render  the  latter  of'  nbo /-.wid  »m^kr  ^hnj>e, 
The  mucoua  msmbraa*  is  liiierj  by  columnar  epithelium  and  nw*mt>fe§ .  th<& 

large  intestine,  but  the  intestinal  glands  are  fewer  in  number  (Fig.  I  DIM), 


Miltf.  uUll  C/Mtl 
£(U  urnriftr  ' 


Lymph  npdvle 


Flu.  of  human  ;^twfi?rtrt  uwxswj**; 


The  Colic  Valve  (10/  inifarolijik'ocemlinhe) (Fig.  Hlil^c^Thefutr  et  end  ofthe  jleum 
ends  by  opening  into  the  media}  and  back  part  of  the  large  intestine,  at  the  point 
of  junction  of  the  cecum  with  the  colon.  The  opening  is  guarded  by  a  valve, 
consisting  of  two  segments  or  lips,  w'hi'eh  project,  into  the  lumen of  the  forge /intes¬ 
tine.  If  the  intestine  lias  been  inflated  and  dried,  the  lips  are  of  a  semilunar  shape. 
The  upper  on*?,  nearly  horizontal  in  direction,  is  attached  by  its  convex  border 
to  the  line  of  .junction  of  the  ileum  with  the  colon;  the  lower  Up.  which  is  longer 
and  more  concave,  is  attached  to  the  line  of  junction  of  the  ileum  with  the  cecum. 
At  the  ends  of  the  aperture  the  two  segments  of  the  valve  coalesce,  and  are  continued 
as  narrow  membranous  ridges  around  the  canal  fora  short  distaih^  forming  the 
frenola  of  the  valve.  The  left  or  anterior  ej|d  of  the  aperture  is  rounded ;  the  right 
pr  posterior  is  narrow  and  pointed.  Iw  the  fresh  condition,  or  in  specimens  which 
have  been  bardeaed  in  .nf»„  the  Ups  pts«ject ^ksthickdnshmndiktfpkU  infn  the ..lumen 
of  the  large  gut.  while  the  opening,  between  them  may  present  the  appearance  of  a 
slit  or  may  be  somewhat  oval  in  shape- 
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Each  lip  of  th<&  vslvi4  is  formed  by  a  reduplication  of  tile  cameoas  mcodtran* 
and  of  the  cirGcdj?  rm$eubir  ftbera  -pf  the  iatestme,  the  lonatudiHal  u,^ 
perUtwimm  being  rantimmd  wmiterruptcdlv  from  the  small  to  the  large  interline 
The  surfaces  of  the  valve  directed  toward  the  ileum  are  covered  with  villi.  a.i.i 
present  the  dmrartvristte  structure  of  the  nmwus  membrane  <*f  the  small  Mw&s* 
while  those  Turned  tyward  the  large  intestine  are  destitute,  of  villi, and  luarkwl 
with  the  orifices  of  the  numerous  tubular  glnnds  •peetdiar  to  t  he  mucous.  niauhmoe 
of  the  large  Intestine.  These  differences  ift  structure  continue  as  haras  the  free 
tunrgins  of  the  valve  It  is' genera!!;-  maintained  that  this  valve  prevents  feftuj 
from  the  ceeiim  rote  the  ileum,  but  in  ail  probability  it  acts  as  a  sphincter  around 
the  end  Inf  the  lfcurri  and  prevents  the- eootmits  of  th*  ileum  from  passing  toe. 
quickly-  into  the,  cecum. 

Tim  Colt®  is  divided  into  four  parts:  the  ascending,  transverse,  descending,  and 
sigmoid. 


VJG*  r  wxj  w  n  f 


>i;^r  m  N 


:  iUHj:'~iute:'rtur  wi  ihH  foyiun  *ml  iowitr  o\ui  <>i  »s>fou, 


The  Ascending  Colon  (wfan  a$cendoix)  is  smaller  In  caliber  than  the  eeemn f  wkb 
which;  -|tVis.  ;e«iiUnunii$'4  it  passes  upward.,  from  its  comai^^ment.  M  the  recur*! 
opposite  the  colic  valve,  to  the  under  surface  of  the  right  lobe  of  the  liver,  on  the* 
right  .ottJ^gtt|14)ladder,  where  it  is  U>dg<.*<l  in  &-sbdW  foptr^ion*  the  colic  Lmpws- 
ston  j  here  it  bends  abruptly  forward  and  to  the  left,  forming  the  sigh*  colic  [kpidt) 
Bttt?*  i  Ki#;  1070). •  It  is  retained  in  eon|3u*twith  the ^O^teriof  wall  bfthe  atxlon&i 
by  the peritoneum,  which  covers  its  anterior  surface  and  $Idvs>  its po&scrior  aiir&oe 
beieg . connected  by  loose  areolar  tissue  with  the  Jliacus,  Quadratic  lumboruac 
aponeurotic,  origin  of  Traps  versus  abdominis  and  with  the  front  of  the  lower  . 
lateral  part-  of  the  rigid.'  kidney,.  Sometimes  the  peritnnmm ..completely 
it,  arid  forms  u  distinct  'but  narrow  mcsurol^nd  It  i*  m  relation,  in  front,  mi*  :  :  * 
couvhhitidnsof  thfejjtettitf  arid  \- 

Tire  transverse  €< f ^ lotigevt  and  most  m0alifc  pamif 
the  cph^iL  piosses  with  a  do\\m^;rd  con  vexity  ftymikp  righilry^rChomlrittc 
a.*  r{.s<  tUr  .thdoovn.  opposite  the  confines  -of  the  epigastric  arid  ttfntdlfcd  ,  ' 

into  the  left  hypochondriac  region,  where  it  corves  sharply  on  itself  htftw&tis  t&f 
lower  end  of  the  spleen,  horning  the  left  colic  {vph-nic)  ttexars.  In  its  - 

describes  tin  itryh,  'th k  cbneo  riri /  of  •w-hich'.i^  'and a  little 

toward  ats  splenic  end  there  is  often’ m  abrupt  Ibshapcd  curve  whMriBiiy 

1  'Treve*  vLatc*  {.hbt,  afr*t  a  careful  fc^ariUnatioiit  n( :«.#<*; )»m  tu  Urni  tot  found Unit  in  fiftr-tvx*  **#>«•  *'4.s^st-'«; 

mp  gftittgk  tv*t  i»  rkwfuibox  nmDooolvj .  in  .the?*  waa  a  dttS^tuiing  t l£Otrjite*.?f  ****?■ 

<»pT»n'jiu«-  toitj  on  tho  other  *Ule.  I  u 'fourteen thore  \v.aa  a  inefcy.olnd  to  hvth  the*  suc.-«rr»Uiu?  -h.o  tV  «S*pwfc3J 
8£gni«itta  .of.  thb,  b^t;  while  in  Uw  reirnunuj#  ttvnlye  \tn$  »ri  OM&tidiiitt  tneaocolon,  ^ui  no  i* i 

on  the  left  t»;l It* .  Jb  iWllowa ..,  therofor^,  that  m  perh/rnong  Inmliar  r.«jlotomy  a  hJfc«t»coh>o  mrf  *j»k j?«y U>i  n».**c. u*  **' - 
Mde in  .W  p^r  efcnt  <*C &IT;Oi»n«v  atad*. on •  tlRht per  e«i»to  — f he  AiiAtom?  of  the  lnt*e«tirt,Al  ahrf 

iu  .Mdu.  J^v.  p  :„v 
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lower  than  the  main  curve.  It  is  almost  completely  invested  by  peritoneum,  and 
is  connected  to  the  inferior  border  of  the  pancreas  by  a  large  and  wide  duplicature 
of  that  membrane,  the  transverse  mesocolon.  It  is  in  relation,  by  its  upper  surface, 
with  the  liver  and  gall-bladder,  the  greater  curvature  of  the  stomach,  and  the 
lower  end  of  the  spleen;  bv  its  under  surface,  with  the  small  intestine;  by  its  ante¬ 
rior  surface,  with  the  anterior  layers  of  the  greater  omentum  and  the  abdominal 
parietes;  its  posterior  surface  is  in  relation  from  right  to  left  with  the  descending 
portion  of  the  duodenum,  the  head  of  the  pancreas,  and  some  of  the  convolutions 
of  the  jejunum  and  ileum. 

The  left  colic  or  splenic  flexure  (Fig.  1070)  is  situated  at  the  junction  of  the  trans¬ 
verse  and  descending  parts  of  the  colon,  and  is  in  relation  with  the  lower  end  of  the 
spleen  and  the  tail  of  the  pancreas;  the  flexure  is  so  acute  that  the  end  of  the  trans¬ 
verse  colon  usually  lies  in  contact  with  the  front  of  the  descending  colon.  It  lies 
at  a  higher  level  than,  and  on  a  plane  posterior  to,  the  right  colic  flexure,  and  is 
attached  to  the  diaphragm,  opposite  the  tenth  arid  eleventh  ribs,  by  a  peritoneal 
fold,  named  the  phrenicocolic  ligament,  w  hich  assists  in  supporting  the  lower  end 
of  the  spleen  (see  page  1168). 


\  .  (  Fiimtfd it  Atrvt 
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-Iliac  colon,  sigmoid  or  pelvic  colon,  and  rectum  aeon  from  the  front,  after  removal  of  pubic  bones 

and  bladder. 


The  Descending  Colon1  (colon  descendenx)  passes  downward  through  the  left 
hypochondriac  and  lumbar  regions  along  the  lateral  border  of  the  left  kidney. 
At  the  lower  end  of  the  kidney  it  turns  mediahvard  toward  the  lateral  border  of 
the  Psoas,  and  then  descends,  in  the  angle  between  Psoas  and  Quadratuslumborum, 
to  the  crest  of  the  ilium,  w  here  it  ends  in  the  iliac  colon.  The  peritoneum  covers 
its  anterior  surface  and  sides,  while  its  posterior  surface  is  connected  by  areolar 
tissue  w  ith  the  lower  and  lateral  part  of  the*  left  kidney,  the  aponeurotic  origin  of 

i  lii  th«  Ba.de  nomenclature  the  descending  colon  is  the  portion  between  the  left  colic  flexure  and  the  superior  aper¬ 
ture  of  the  lesser  pelvis;  it  is.  however,  convenient  to  describe  ita  lowest  part  as  the  iliac  colon. 
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the  Transversus  abdominis,  and  the Quadratus limborum  (Fig.  lOTiV).  It  is  smaller 
in  eaflber  and  more  deeply  placed  than  the  ascending  colon,  and  is  more  frequently 
covered  with  peritoneum  on  its  posterior  surface  than  the  ascending  colon  (Treves). 
In  front  of  it  are  some  coils  of  small  intestine. 

The  Iliac  Colon  (Fig.  1090)  is  situated  in  the  left  iliac  fossa,  and  is  about  12  to 
15  cm.  long.  It  begins  at  the  level  of  the  iliac  crest,  where  it  is  continuous  with 
the  descending  colon,  and  ends  in  the  sigmoid  colon  at  the  superior  aperture  of  the 
lesser  pelvis.  It  curves  downward  and  medial  ward  in  front  of  the  Iliacus  and  Psoas, 
and,  as  a  rule,  is  covered  by  peritoneum  on  its  sides  and  anterior  surface  only. 


svir/e  f  :•***,*< 


gif  <m 
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Fig.  10U7. — The  posterior  aspect  of  the  ree turn  exposed  by  removing  the  lower  part,  of  the  tuvrrotn  tlw  c&*ri 
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length  (torn  the  center  toward  the  erjds  of  the  loop,  where-  it  disappears,  so  that  the 
lou  p  'is  0kto£,  &  t  lujjxmimxyi  with  the  ills*#  colon  atitl  rectum,  but  enjoys  a  cornu fcr- 
able  rarigeof  movement  in  its  central  portion.  Behind  the  sigmoid  colon  are  the 
;£xbcrn«d left  Pbutfnirofevaixd  left  sacral  plexus  of  nerves;  in  front, 
h  i*.  separated  tromcthe  Madder  and  the  uterus  in  the  female,  by  some 

coils  of  the  shiaii  intestine. 

The  Rectum  (  wlentinum  retfnm)  (Fig.  1097)  is  continuous  above  with  the  sigmoid 
colon,  while  below  it  ends  irt  the  anal  canal.  From  its  origin  at  the  level  of  the 
third  sacral  vertebra  it  passes  dpwriw&id,  lying  in  the  sacrococcygeal  curve,  and 
extends  for  about  2.5  cm.  in  front of,  and  a  little  heluvvy  the  tip  of  the  coccyx, 
as  far  as  the  apex  of  the  prostate.  It  then  bends  sharply  backward  into  the  anal 
canal.  It  therefor#  presents  two  antero-^  upper*  with  its  con¬ 

vexity  backward,  and  a 'lower,  with  its  convexity  forward.  Two  lateral  curves  are 
also  described,  om  to  the  right  opposite  the  junction  of  the  thin.)  and  fourth  sacral 
vertebne..  and  t  he  other  to  the  left,  pppomty  the  left  ?5acroeoccygcal;  articulation ; 
they  are,  however,. of  -/The;.  mtfAtm  h  about .  1 2  cm  /  tong,  and  at 

its  comrftcneemctit  its  caliber  is  similar  to  that  of  the  sigmoid  colon,  but  near  its 
termination  it  ri  dilated  to  form  the  reetfcl  gmpuii».  The  rectum  has  m«  saeeiilati’uns- 
ouopawdv  to  those  of  the  colon,  but  when  the  lower  part  of  the  rectum  h  con~ 

inky  a  ixiimVr  .of  fotd&;  which  are  longltudb 
/ml  in  direction  and  are  effaced  by  the  distension  of  the  gilt,  Besides  these  there 
&tp  certain  permanent  $dt»  of  a  sh&pe,  known  as  Houston’s 

raives  (  Fi£>  11)98).,  a  fourth  is  found, 

and  occasionally  only  tivo  are  present.  Otic  is 
situated  near  ^ 

on  the  right  side;  a  second  extends  inward  from  “  7 

the  Jeft  sjdc  of  the.  tube,  opposite,  the  middie  of  M 

the  sao^utut  a  tfairih  the  largest  ami  most  con-  jij 

.stunt,  projects  backward  from  the  forepart  of;  M 
die  mu  urn,  opposite  the  fundus  of  the  urinary:  jgl 
Madder  When  a  fourt  h  is  present,  it  h  situated  ft  I 

nearly  3$5-  cm.  above  the  amis  on  the  left  and  Vy 
posterior  wail  of  the  tube..  These  folds  arc  about 
12  nun.  m  width,  and  contain  some?  of  tlie 
circular  fibers  of  the  gut.  In  the  empty  &1&U*  of 
the  uit^tine  they  overlap  each  other* asHousi&h 
remarks,  so  effectually  m-  to  re%uif$  enusiderabJe' 
maneuvering  to  or  tfe  Sngcr^ 

along:  the  canal.  Their  use  sccms  to  ‘ 
support  the  weight  qf:fet!hhi?tattcr,  and  prevent 
its  urging  toward  thcr-.a-nnsv  .&$•  presence 

always  excites  a  ^eh^inn-deni^idin'g  Its  flis- 
charge.1  •  <:*•  /  ,  *  y  ’ N '  •  '  ;  c  .  *.  .- 

The  peritoneum  is related  to  the upper  two- 
thirds  qf  the  rectum,  first  its  front 

and  sides,  but  Ibwer  dawn  ip  only from 
the  latte?  iHs  ^h*J  semtlhifWcxiclos 

ta  the  male  4*nd  the  veigWt  Wall;  ih  the 

female..  \  -  ■  .•  /.  *  '*  y  ;v  !'  ’’ 

The  fovel  at  which  the  peritpucuni  Wyes  the  * 
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empty  condition  it  presents  the  appearance  of  an  antero^msteriof  longitudinal 


slit.  Behind  it  is  a  tiiass  of  muscular  and  fibrous  tfeitf,  the  anococcygeal  body 
(Symington) ;  in  front  of  it,  irt  thg  mule,  hi»t  separated  by  connective  tissue  from 
it,  are  the  membranous  portion  and  bulb  of  the  iiretltfjt,  and.  flic  fascia  of  the 
urogenital  diaphragm;  ainji  in  fJic  female  it  is  separated  from  the  lover  end  of 
the  vagina  by  a  mass  of  muscular  and  fibrous  tissue,  named,  the  perineal  body. 
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r  ;  •  .i' 'fOi  — lunor  wall  of  0*e  Inwer  <*rui  ot  tla-  reotunj  ami  erttip.  i  m  tbe  right  thr  rnurous  tiurmbratu’  ha*  hcivii 
ntm/nori  dibitatioi!  of  fha  veius  anti  ho\y  they  ruOe  through  tlie  muscular  wul  1  to  auoatot)  j  nae  £h  f ho 


ht  tvorThoidui  ploxu&  (Tuachka.)  V  ‘  -V’ T‘Y-:'-  y 

The  lumen  of  the  ana!  canal  presents,  in  its  tipper  half,  a  number  of  vertical 
folds,  produced  by  an  infolding  of  the  mucous  membrane  and  some  of  the  mus¬ 
cular  tissue.  They  are  knbwri  as  the  rectal  columns  .{Fig.  i09d/,  itnd  are 

Mttuyjffftw  in 

_  /’  7  *  ep'/Kliiirtt 


Viand 
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J>.  1  jtyiti  of  rriwrwiu  xtvtniuut*nv  tjf  hihf.au  Tdrtu/T/:.  (Sabotut.)  *£  irtifcf. 


separated  from  one;ai!<).ther  _  l^\’  fumrtfe-  it^M-sUmes)s  ‘w!h{ch;^4  below  irx  sxualj 
valve-like  fold*,  termed  attai  valves,  m  hi-  h  jvdc*  toother  the  lower  ends  of  the 
rectal  eoKuims. 

Structure  tsf  the  Col6a.--'ThVt  liirgr  imosi-inh  Ui>s  four  tear*-.  serous,  rrcuscuJar,  areolar;  aod 
mucous.  \  v' 
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colon. 

The  muscular  coat  (tunica  mus- 
cularis)  consists  of  an  external  longi¬ 
tudinal,  and  an  internal  circular, 
layer  of  non-striped  muscular  liber*. 

The  longitudinal  fibers  do  not 
form  a  continuous  layer  over  the 
whole  surface  of  the  large  intestine. 
In  the  cecum  and  colon  they  are 
especially  collected  into  three  fiat 
longitudinal  bands  (Urruri  coli) , 
each  of  about  12  mm.  in  width; 
one,  the  posterior,  is  placed  along 
the  attached  border  of  the  intestine; 
the  anterior,  the  largest,  corre¬ 
sponds  along  the  arch  of  the  colon 
to  the  attachment  of  the  greater 
omentum,  but  is  in  front  in  the 
ascending,  descending,  and  iliac 
parts  of  the  colon,  and  in  the  sig¬ 
moid  colon;  the  third,  or  lateral 
band,  is  found  on  the  medial  side 
of  the  ascending  and  descending 
parts  of  the  colon,  and  on  the  under 
aspect  of  the  transverse  colon. 
These  bands  are  shorter  than  the 
other  coats  of  the  intestine,  and 
sen  e  to  produce  the  saceuli  wluch 
are  characteristic  of  the  cecum  and 
colon;  accordingly,  when  they  are 
dissected  off,  the  tube  can  be  length¬ 
ened,  and  its  sacculated  character 
disappears.  In  the  sigmoid  colon 
the  longitudinal  fibers  become  more 
scattered;  and  around  the  rectum 
they  spread  out  and  foim  a  layer, 
which  complet  ely  encircles  t  his  por¬ 
tion  of  the  gut,  but  is  thicker  on 
the  zuiterior  and  posterior  surface 
where  it  forms  two  bands,  than  00 
the  lateral  surfaces.  In  addition, 
two  bands  of  plain  muscular  tissue  arise  from  the  second  and  third  coccygeal  vertebrae,  and 
pass  downward  and  forward  to  blend  with  the  longitudinal  muscular  fibers  on  the  posterior 
wall  of  the  anal  canal.  These  are  known  as  the  Rectococcygeal  muscles. 

The  circular  fibers  form  a  thin  layer  over  the  cecum  and  colon,  being  especially  accumulated 
in  the  intervals  between  the  saceuli;  in  the  rectum  they  form  a  thick  layer,  and  in  the  anal  canal 
they  become  numerous,  and  constitute  the  Sphincter  ani  intern  us. 

The  areolar  coat  (tela  subw ucosa;  submucous  coat )  connects  the  muscular  and  mucous  layers 
closely  together. 

The  mucous  membrane  (tunica  mucosa)  in  the  cecum  and  colon, 


V'DtV? 
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Fiu.  1 lutf.  — The  bloodvesafcU  ol  the  rectum  >»mi  anus,  showing  the  dis¬ 
tribution  and  anastomewi*  on  the  posterior  surface  near  the  termination 
of  the  gut.  (Poirier  and  Charpy) 


is  pale,  smooth,  destitute 
of  villi,  and  raised  into  numerous  crescentic  folds  which  correspond  to  the  intervals  between 

1  See  footnote,  p.l  1(*3 
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the  saoculi.  In  the  rectum  it  is  thicker,  of  a  darker  color,  more  vascular,  and  connected  loosely 
to  the  muscular  coat,  as  in  the  esophagus. 

As  in  the  small  intestine,  the  mucous  membrane  (Fig.  1 102)  consists  of  a  muscular  layer,  the 
muscularis  mucosse;  a  quantity  of  retiform  tissue  in  which  the  vessels  ramify;  a  basement  mem¬ 
brane  and  epithelium  which  is  of  the  columnar  variety,  and  resembles  the  epithelium  found  in 
the  small  intestine.  The  mucous  membrane  of  the  large  intestine  presents  for  examination  glands 
and  solitary  lymphatic  nodules. 

The  glands  of  the  great  intestine  are  minute  tubular  prolongations  of  the  mucous  membrane 
arranged  perpendicularly,  side  by  side,  over  its  entire  surface;  they  are  longer,  more  numerous, 
and  placed  in  much  closer  apposition  than  those  of  the  small  intestine;  and  they  open  by  minute 
rounded  orifices  upon  the  surface,  giving  it  a  cribriform  appearance.  Each  gland  is  lined  by 
short  columnar  epithelium  and  contains  numerous  goblet  cells. 

The  solitary  lymphatic  nodules  ( noduli  lymphatic  solitarii)  (Fig.  1102)  of  the  large  intestine 
are  most  abundant  in  the  cecum  and  vermiform  process,  but  are  irregularly  scattered  also  over 
the  rest  of  the  intestine.  They  are  similar  to  those  of  the  small  intestine. 

Vessels  and  Nerves. — The  arteries  supplying  the  colon  are  derived  from  the  colic  and  sigmoid 
branches  of  the  mesenteric  arteries.  They  give  off  large  branches,  which  ramify  between  and 
supply  the  muscular  coats,  and  after  dividing  into  small  vessels  in  the  submucous  tissue,  pass 
to  the  mucous  membrane.  The  rectum  is  supplied  by  the  superior  hemorrhoidal  branch  of  the 
inferior  mesenteric,  and  the  anal  canal  by  the  middle  hemorrhoidal  from  the  hypogastric,  and 
the  inferior  hemorrhoidal  from  the  internal  pudendal  artery.  The  superior  hemorrhoidal,  the 
continuation  of  the  inferior  mesenteric,  divides  into  two  branches,  which  run  down  either  side 
of  the  rectum  to  within  about  12.5  cm.  of  the  anus;  they  here  split  up  into  about  six  branches 
which  pierce  the  muscular  coat  and  descend  between  it  and  the  mucous  membrane  in  a  longi¬ 
tudinal  direction,  parallel  with  each  other  as  far  as  the  Sphincter  ani  intemus,  where  they  anas¬ 
tomose  with  the  other  hemorrhoidal  arteries  and  form  a  series  of  loops  around  the  anus.  The 
veins  of  the  rectum  commence  in  a  plexus  of  vessels  which  surrounds  the  anal  canal.  In  the 
vessels  forming  this  plexus  are  smaller  saccular  dilatations  just  within  the  margin  of  the  anus; 
from  the  plexus  about  six  vessels  of  considerable  size  are  given  off.  These  ascend  between  the 
muscular  and  mucous  coats  for  about  12.5  cm.,  running  parallel  to  each  other;  they  then 
pierce  the  muscular  coat,  and,  by  their  union,  form  a  single  trunk,  the  superior  hemorrhoidal 
vein.  This  arrangement  is  termed  the  hemorrhoidal  plexus;  it  communicates  with  the  tribu¬ 
taries  of  the  middle  and  inferior  hemor¬ 
rhoidal  veins,  at  its  commencement, 
and  thus  a  communication  is  estab¬ 
lished  between  the  systemic  and  portal 
circulations.  The  lymphatics  of  the  large 
intestine  are  described  on  page  715. 

The  nerves  are  derived  from  the  sym¬ 
pathetic  plexuses  around  the  branches 
of  the  superior  and  inferior  mesenteric 
arteries.  They  are  distributed  in  a 
similar  way  to  those  found  in  the  small 
intestine. 

Congenital  Hernia. — There  are  some  Complete  oblique  Inguinal  Complete  congenital 

varieties  of  oblique  inguinal  hernia 
(Fig.  1104)  depending  upon  congenital 
defects  in  the  saccus  vaginalis,  the  pouch 
of  peritoneum  which  precedes  the 
descent  of  the  testis.  Normally  this 
pouch  is  closed  before  birth,  closure 
commencing  at  two  points,  viz.,  at  the 
abdominal  inguinal  ring  and  at  the  top 
of  the  epididymis,  and  gradually  ex¬ 
tending  until  the  whole  of  the  inter¬ 
vening  portion  is  converted  into  a 
fibrous  cord.  From  failure  in  the  com¬ 
pletion  of  this  process,  variations  in  the 
relation  of  the  hernial  protrusion  to  the  Fig.  1104. — Varieties  of  oblique  inguinal  hernia, 

testis  and  tunica  vaginalis  are  pro¬ 
duced;  these  constitute  distinct  varieties  of  inguinal  hernia,  viz.,  the  hernia  of  the  funicular 
process  and  the  complete  congenital  variety. 

Where  the  saccus  vaginalis  remains  patent  throughout,  the  cavity  of  the  tunica  vaginalis 
•communicates  directly  with  that  of  the  peritoneum.  The  intestine  descends  along  this  pouch 
into  the  cavity  of  the  tunica  vaginalis  which  constitutes  the  sac  of  the  hernia,  and  the  gut  lies 
in  contact  with  the  testis.  Though  this  form  of  hernia  is  termed  complete  congenital ,  the  term 
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does  not  imply  that  the  hernia  existed  at  birth,  but  merely  that  a  condition  is  present  which 
may  allow  of  the  descent  of  the  hernia  at  any  moment.  As  a  matter  of  fact,  congenital  hernia 
frequently  do  not  appear  until  adult  life. 

Where  the  processus  vaginalis  is  occluded  at  the  lower  point  only,  i.  e.,  just  above  the  testis, 
the  intestine  descends  into  the  pouch  of  peritoneum  as  far  as  the  testis,  but  is  prevented 
from  entering  the  sac  of  the  tunica  vaginalis  by  the  septum  which  has  formed  between  it  and  the 
pouch.  This  is  known  as  hernia  into  the  funicular  process  or  incomplete  congenital  hernia;  it 
differs  from  the  former  in  that  instead  of  enveloping  the  testis  it  lies  above  it. 


The  Liver  (Hepar). 

The  liver,  the  largest  gland  in  the  body,  has  both  external  and  internal  secretions, 
which  are  formed  in  the  hepatic  cells.  Its  external  secretion,  the  bile,  is  collected 
after  passing  through  the  bile  capillaries  by  the  bile  ducts,  which  join  like  the  twigs 
and  branches  of  a  tree  to  form  two  large  ducts  that  unite  to  form  the  hepatic  duct. 
The  bile  is  either  carried  to  the  gall-bladder  by  the  cystic  duct  or  poured  directly 
into  the  duodenum  by  the  common  bile  duct  where  it  aids  in  digestion.  The  internal 
secretions  are  concerned  with  the  metabolism  of  both  nitrogenous  and  carbohydrate 
materials  absorbed  from  the  intestine  and  carried  to  the  liver  by  the  portal  vein. 
The  carbohydrates  are  stored  in  the  hepatic  cells  in  the  form  of  glycogen  which  is 
secreted  in  the  form  of  sugar  directly  into  the  blood  stream.  Some  of  the  cells 
lining  the  blood  capillaries  of  the  liver  are  concerned  in  the  destruction  of  red  blood 
corpuscles.  It  is  situated  in  the  upper  and  right  parts  of  the  abdominal  cavity, 
occupying  almost  the  whole  of  the  right  hypochondrium,  the  greater  part  of  the 
epigastrium,  and  not  uncommonly  extending  into  the  left  hypochondrium  as  far 
as  the  mammillary  line.  In  the  male  it  weighs  from  1 .4  to  1 .6  kUogm.,  in  the  female 
from  1.2  to  1.4  kilogm.  It  is  relatively  much  larger  in  the  fetus  than  in  the  adult, 
constituting,  in  the  former,  about  one-eighteenth,  and  in  the  latter  about  one 
thirty-sixth  of  the  entire  body  weight.  Its  greatest  transverse  measurement  is 
from  20  to  22.5  cm.  Vertically,  near  its  lateral  or  right  surface,  it  measures  about 
15  to  17.5  cm.,  while  its  greatest  antero-posterior  diameter  is  on  a  level  with  the 
upper  end  of  the  right  kidney,  and  is  from  10  to  12.5  cm.  Opposite  the  vertebral 
column  its  measurement  from  before  backward  is  reduced  to  about  7.5  cm.  Its 
consistence  is  that  of  a  soft  solid;  it  is  friable,  easily  lacerated  and  highly  vascular; 
its  color  is  a  dark  reddish  brown,  and  its  specific  gravity  is  1 .05. 

To  obtain  a  correct  idea  of  its  shape  it  must  be  hardened  in  situ ,  and  it  will 
then  be  seen  to  present  the  appearance  of  a  wedge,  the  base  of  which  is  directed 
to  the  right  and  the  thin  edge  toward  the  left.  Symington  describes  its  shape 
as  that  “of  a  right-angled  triangular  prism  with  the  right  angle  rounded  off.” 

Surfaces. — The  liver  possesses  three  surfaces,  viz.,  superior,  inferior  and  posterior. 
A  sharp,  well-defined  margin  divides  the  inferior  from  the  superior  in  front;  the  other 
margins  are  rounded.  The  superior  surface  is  attached  to  the  diaphragm  and 
anterior  abdominal  wall  by  a  triangular  or  falciform  fold  of  peritoneum,  the  falci¬ 
form  ligament,  in  the  free  margin  of  which  is  a  rounded  cord,  the  lig&mentum  teres 
(obliterated  umbilical  vein).  The  line  of  attachment  of  the  falciform  ligament 
divides  the  liver  into  two  parts,  termed  the  right  and  left  lobes,  the  right  being  much 
the  larger.  The  inferior  and  posterior  surfaces  are  divided  into  four  lobes  by  five 
fossae,  which  are  arranged  in  the  form  of  the  letter  H.  The  left  limb  of  the  H  marks 
on  these  surfaces  the  division  of  the  liver  into  right  and  left  lobes;  it  is  known  as  the 
left  sagittal  fossa,  and  consists  of  two  parts,  viz.,  the  fossa  for  the  umbilical  vein  in 
front  and  the  fossa  for  the  ductus  venosus  behind.  The  right  limb  of  the  H  is  formed 
in  front  by  the  fossa  for  the  gall-bladder,  and  behind  by  the  fossa  for  the  inferior  vena 
cava;  these  two  fossae  are  separated  from  one  another  by  a  band  of  liver  substance, 
termed  the  caudate  process.  The  bar  connecting  the  two  limbs  of  the  H  is  the 
porta  (transverse  fissure) ;  in  front  of  it  is  the  quadrate  lobe,  behind  it  the  caudate  lobe. 
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The  superior  surface  (fncm  xt.ij>rnor)  (Fig.  1105)  comprises  a  part  <>(  both  lories, 
and,  as  ;(  whole,  i.4  convex,  and  fits  under  the  vault,  of  the  diaphragm  which  in  trout 
peparates.it.  on  the  right'frdm  the  sixth  to  thetepth  ribs  dftfll  their  cartilages,  anti 
on  the.  left  from  the  seventh  and  eighth  costal  cartilages,.  Its  middle 'part  lies 
behind  the  suphoid  process,  and,  in  the  angle,  between  the  diverging  fi^.caT^iiajfe 
of  opposite Jideivj  ^ is  ttr&mtapt  \vitli  the  abdominal  wall.  BeHindJuh.ih'^;diftp^agm 
separates  the  liver  from  the  lower  part  of  the  lungs  jmd  pleura  ,  (bohest-t  and  peri¬ 
cardium  and  the  right  costal  arches  from  the  seventh  to  the  eleventh  inclusive,  It 
is  .'completely  Covered  by  peritoneum  except  along  the  line,  of  uttadinifcnt  of  the 

'falciform  ligament.  ■  .  ■  ,  r--\~ '  J: "  :  ' 

Oali-bMder 


EVjhi 

tKfWni.td 


Tht?  mptnot  surf  aw  of  thv  liv'er.  CFrota  nupdfcl  by  Hi*.) 


The  infendrsurface  vimeml  Surface)  (Figs.1106,  IfD?),  is  uneven, 

concave;  directed  downward,  backward,  and  fcb  ihe  left,  turd  %  ih  relation  with 
the  stomach  and  dmklc'niHri,  the  right  telleffe&re,  and; Ihd right; kidney  and  supra¬ 
renal  gland,  \TliO  surface  if.  almost  cimvjilvtdy  in  vested  hs-  pritoneum;  the: only 
parts  devoid  of  this  covering  are  where  the  gull-! ‘ladder  «  attached  to  the  liver, 
and  at  the  porta  bepatis  where  the  two  layers  of  the  h-sscr  qrnenttrai  are  separated 
from  each  other  by  the  iiibodvessels  and  ducts  of  the’ liver.'  The  inferior  surface 
of  the  left  lobe  presents  behind  awl  to  the  left  the  gastric  impression,  moulded 
over  the  niueo, -superior  surface  of  the  stomach,  and  to  the  right  of  this  a  rounded 
eminence,  the taper  omentale,  which  fits  into  the  concavity  of  the  lesser  curvature 
of  the.  stomach  ond  lies  hi  front  of  t lie  anterior  layer  of  the  lesser  omentum.  The 
under  .surface  of  the  right  lobe  is  divided  into  two  unequal  portions  by  the  fossa 
for  the  gall-hlatlder;  the  portion  to  the  left,  the  smaller  of  the  two.  is  the  quadrate 
lobe,  and  is  in  relation  with  the  pyloric  end  of  the  stomach,  the  superior  portion 
of  the  duodenum,  and  the  transverse  Colon,  The'portion  of  the  under  surface  of 
the  right  lobe  to  the  right  of  the  fossa  for  the  gall-bladder  presents  two impress^ »ns, 
one  situated.  beiund  the  tYtheiv  andieprirnted  by  lt  ridge.  The  anterior  of  these 
two  impressions,  the  colic  impression,  is  shadow  and  is  produced  by  the  right  colic 
flexure;  the  jK+sferior,  the  renal  impression,  is  deeper  arid  is  occupied  by  the  upper 
part  of  the  right  kidney  and  lower  part  of  the  right  suprarenal  gland,  Medial 
to  the  renal  impression  is  a  third  and  slightly  marked  impo  ssiun.  lying  between  it 
and  the  neck  of  the  gailddadder.  This  is  caused  J^iS.ie  'dejttwidjpf  jioitMM  of  the 
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duodenum,  and  is  known  as  the  duodenal  impression.  Just  in  front  of  the  inferior 
vena  cava  is  a  narrow  strip  of  liver  tissue,  the  caudate  process,  which  connects 
the  right  inferior  angle  of  the  caudate  lobe  to  the  under  surface  of  the  right  lobe. 
It  forms  the  upper  boundary  of  the  epiploic  foramen  of  the  peritoneum. 


Fowi  for  diifjii#  i H  fifism 


Papiihrp 

prcKt^ 


Hepatic  arirry  /  /  \ 

PorfcU  vcux  i  Jfot&fidrligaitocnl 

Common  bih  duel 

Flu.  1 100. — Inferior  surface  of  the  liver.  (From  model  by  Hisj 


The  posterior  surface  (facie#  posterior)  (Fig.  1107)  is  rounded  and  broad  behind 
ie  right  lobe,  but  narrow  on  the  left.  Over  a  large  part  of  its  extent  it  is  not 
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Fig.  1107. — Posterior  and  inferior  surface  of  the  liver.  (From  model  by  Hi*. 


covered  by  peritoneum;  this  uncovered  portion  is  about  7.5  cm.  broad  at  its  widest 
part,  and  is  in  direct  contact  with  the  diaphragm.  It  is  marked  off  from  the  upper 
surface  by  the  line  of  reflection  of  the  upper  layer  of  the  coronary  ligament,  and 
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from  the  under  surface  by  the  line  of  reflection  of  the  lower  layer  of  the  coronary 
ligament.  The  central  part  of  the  posterior  surface  presents  a  deep  concavity 
which  is  moulded  on  the  vertebral  column  and  crura  of  the  diaphragm.  To  the 
right  of  this  the  inferior  vena  cava  is  lodged  in  its  fossa  between  the  uncovered 
area  and  the  caudate  lobe.  Close  to  the  right  of  this  fossa  and  immediately  above 
the  renal  impression  is  a  small  triangular  depressed  area,  the  suprarenal  impression, 
the  greater  part  of  which  is  devoid  of  peritoneum;  it  lodges  the  right  suprarenal 
gland.  To  the  left  of  the  inferior  vena  cava  is  the  caudate  lobe,  which  lies  between 
the  fossa  for  the  vena  cava  and  the  fossa  for  the  ductus  venosus.  Its  lower  end 
projects  and  forms  part  of  the  posterior  boundary  of  the  porta;  on  the  right,  it 
is  connected  with  the  under  surface  of  the  right  lobe  of  the  liver  by  the  caudate 
process,  and  on  the  left  it  presents  an  elevation,  the  papillary  process.  Its  posterior 
surface  rests  upon  the  diaphragm,  being  separated  from  it  merely  by  the  upper 
part  of  the  omental  bursa.  To  the  left  of  the  fossa  for  the  ductus  venosus  is  a 
groove  in  which  lies  the  antrum  cardiacum  of  the  esophagus. 

The  anterior  border  ( margo  anterior)  is  thin  and  sharp,  and  marked  opposite 
the  attachment  of  the  falciform  ligament  by  a  deep  notch,  the  umbilical  notch, 
and  opposite  the  cartilage  of  the  ninth  rib  by  a  second  notch  for  the  fundus  of  the 
gall-bladder.  In  adult  males  this  border  generally  corresponds  with  the  lower 
margin  of  the  thorax  in  the  right  mammillary  line;  but  in  women  and  children  it 
usually  projects  belowf  the  ribs. 

The  loft  extremity  of  the  liver  is  thin  and  flattened  from  above  downward. 

Foss®. — The  left  sagittal  fossa  ( fossa  sagittalis  sinistra;  longitudinal  fissure) 
is  a  deep  groove,  which  extends  from  the  notch  on  the  anterior  margin  of  the  liver 
to  the  upper  border  of  the  posterior  surface  of  the  organ;  it  separates  the  right  and 
left  lobes.  The  porta  joins  it,  at  right  angles,  and  divides  it  into  two  parts.  The 
anterior  part,  or  fossa  for  the  umbilical  vein,  lodges  the  umbilical  vein  in  the  fetus, 
and  its  remains  (the  ligamentum  teres)  in  the  adult;  it  lies  between  the  quadrate 
lobe  and  the  left  lobe  of  the  liver,  and  is  often  partially  bridged  over  by  a  pro¬ 
longation  of  the  hepatic  substance,  the  pons  hepatis.  The  posterior  part,  or  fossa 
for  the  ductus  venosus,  lies  between  the  left  lobe  and  the  caudate  lobe;  it  lodges  in 
the  fetus,  the  ductus  venosus,  and  in  the  adult  a  slender  fibrous  cord,  the  ligamentum 
venosum,  the  obliterated  remains  of  that  vessel. 

The  porta  or  transverse  fissure  (porta  hepatis)  is  a  short  but  deep  fissure,  about 
5  cm.  long,  extending  transversely  across  the  under  surface  of  the  left  portion  of  the 
right  lobe,  nearer  its  posterior  surface  than  its  anterior  border.  It  joins  nearly 
at  right  angles  with  the  left  sagittal  fossa,  and  separates  the  quadrate  lobe  in 
front  from  the  caudate  lobe  and  process  behind.  It  transmits  the  portal  vein, 
the  hepatic  artery  and  nerves,  and  the  hepatic  duct  and  lymphatics.  The  hepatic 
duct  lies  in  front  and  to  the  right,  the  hepatic  artery  to  the  left,  and  the  portal 
vein  behind  and  between  the  duct  and  artery. 

The  fossa  for  the  gall-bladder  (fossa  vesicce  fellece)  is  a  shallow,  oblong  fossa, 
placed  on  the  under  surface  of  the  right  lobe,  parallel  with  the  left  sagittal  fossa. 
It  extends  from  the  anterior  free  margin  of  the  liver,  which  is  notched  by  it,  to  the 
right  extremity  of  the  porta. 

The  fossa  for  the  inferior  vena  cava  (fossa  rence  carat)  is  a  short  deep  depression, 
occasionally  a  complete  canal  in  consequence  of  the  substance  of  the  liver  surround¬ 
ing  the  vena  cava.  It  extends  obliquely  upward  on  the  posterior  surface  between 
the  caudate  lobe  and  the  bare  area  of  the  liver,  and  is  separated  from  the  porta 
by  the  caudate  process.  On  slitting  open  the  inferior  vena  cava  the  orifices  of 
the  hepatic  veins  will  be  seen  opening  into  this  vessel  at  its  upper  part,  after 
perforating  the  floor  of  this  fossa. 

Lobes. — The  right  lobe  (lohus  hepatis  dexter)  is  much  larger  than  the  left;  the 
proportion  between  them  being  as  six  to  one.  It  occupies  the  right  hypo- 
76 
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chondrium,  and  is  separated  from  the  left  lobe  on  its  upper  surface  by  the 
falciform  ligament;  on  its  under  and  posterior  surfaces  by  the  left  sagittal 
fossa;  and  in  front  by  the  umbilical  notch.  It  is  of  a  somewhat  quadrilateral  form, 
its  under  and  posterior  surfaces  being  marked  by  three  fossae:  the  porta  and  the 
fossae  for  the  gall-bladder  and  inferior  vena  cava,  which  separate  its  left  part 
into  two  smaller  lobes;  the  quadrate  and  caudate  lobes.  The  impressions  on  the 
right  lobe  have  already  been  described. 

The  quadrate  lobe  {lobus  quadratus)  is  situated  on  the  under  surface  of  the  right 
lobe,  bounded  in  front  by  the  anterior  margin  of  the  liver;  behind  by  the  porta; 
on  the  right,  by  the  fossa  for  the  gall-bladder;  and  on  the  left,  by  the  fossa  for  the 
umbilical  vein.  It  is  oblong  in  shape,  its  antero-posterior  diameter  being  greater 
than  its  transverse. 

The  caudate  lobe  {lobus  caudatus;  Spigelian  lobe)  is  situated  upon  the  posterior 
surface  of  the  right  lobe  of  the  liver,  opposite  the  tenth  and  eleventh  thoracic 
vertebrae.  It  is  bounded,  below,  by  the  porta;  on  the  right,  by  the  fossa  for  the 
inferior  vena  cava;  and,  on  the  left,  by  the  fossa  for  the  ductus  venosus.  It  looks 
backward,  being  nearly  vertical  in  position;  it  is  longer  from  above  downward 
than  from  side  to  side,  and  is  somewhat  concave  in  the  transverse  direction.  The 
caudate  process  is  a  small  elevation  of  the  hepatic  substance  extending  obliquely 
lateralward,  from  the  lower  extremity  of  the  caudate  lobe  to  the  under  surface  of 
the  right  lobe.  It  is  situated  behind  the  porta,  and  separates  the  fossa  for  the  gall¬ 
bladder  from  the  commencement  of  the  fossa  for  the  inferior  vena  cava. 

The  left  lobe  {lobus  hepatis  sinister)  is  smaller  and  more  flattened  than  the  right. 
It  is  situated  in  the  epigastric  and  left  hypochondriac  regions.  Its  upper  surface 
is  slightly  convex  and  is  moulded  on  to  the  diaphragm;  its  under  surface  presents 
the  gastric  impression  and  omental  tuberosity,  already  referred  to  page  1 199. 

Ligaments. — The  liver  is  connected  to  the  under  surface  of  the  diaphragm 
and  to  the  anterior  wall  of  the  abdomen  by  five  ligaments;  four  of  these — the 
falciform,  the  coronary,  and  the  two  lateral — are  peritoneal  folds;  the  fifth,  the 
round  ligament,  is  a  fibrous  cord,  the  obliterated  umbilical  vein.  The  liver  is  also 
attached  to  the  lesser  curvature  of  the  stomach  by  the  hepatogastric  and  to  the 
duodenum  by  the  hepatoduodenal  ligament  (see  page  1167). 

The  falciform  ligament  {ligamentum  faleiforme  hepatis)  is  a  broad  and  thin  antero¬ 
posterior  peritoneal  fold,  falciform  in  shape,  its  base  being  directed  downward 
and  backward,  its  apex  upward  and  backward.  It  is  situated  in  an  antero-posterior 
plane,  but  lies  obliquely  so  that  one  surface  faces  forward  and  is  in  contact  with 
the  peritoneum  behind  the  right  Rectus  and  the  diaphragm,  while  the  other  is 
directed  backward  and  is  in  contact  writh  the  left  lobe  of  the  liver.  It  is  attached 
by  its  left  margin  to  the  under  surface  of  the  diaphragm,  and  the  posterior  surface 
of  the  sheath  of  the  right  Rectus  as  low  down  as  the  umbilicus;  by  its  right  margin 
it  extends  from  the  notch  on  the  anterior  margin  of  the  liver,  as  far  back  as  the 
posterior  surface.  It  is  composed  of  two  layers  of  peritoneum  closely  united 
together.  Its  base  or  free  edge  contains  between  its  layers  the  round  ligament 
and  the  parumbilical  veins. 

The  coronary  ligament  {ligamentum  coronarium  hepatis)  consists  of  an  upper 
and  a  lower  layer.  The  upper  layer  is  formed  by  the  reflection  of  the  peritoneum 
from  the  upper  margin  of  the  bare  area  of  the  liver  to  the  under  surface  of  the  dia¬ 
phragm,  and  is  continuous  w  ith  the  right  layer  of  the  falciform  ligament.  The 
lower  layer  is  reflected  from  the  lowrer  margin  of  the  bare  area  on  to  the  right  kidney 
and  suprarenal  gland,  and  is  termed  the  hepatorenal  ligament. 

The  triangular  ligaments  {lateral  ligaments)  are  two  in  number,  right  and  left. 
The  right  triangular  ligament  {ligamentum  triangulare  dextrum)  is  situated  at  the 
right  extremity  of  the  bare  area,  and  is  a  small  fold  which  passes  to  the  diaphragm, 
being  formed  by  the  apposition  of  the  upper  and  lower  layers  of  the  coronary 
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ligament.  The  ]*ft  triangular  ligament  (liqamenhm.  trinngulnr?  uinirtrum)  is  a  fold 
of  some  et)nsidera!»ie  siw,  which  .connects 'the  posterior  part,  of  the  upper  surface 
of  the  feft  Mw?  to  the  diaphragm ;  its  anterior  layer  is  continuous  with  the  left 
layer  of  the  futnforia  ligament. 

The  round  iiptJ&Sfit  tjiynmmtum  fere*  hepath)  is  a  fibrous  cord  resulting  from  the 
obHterhtion  6f  the  umbiik^l  t'ein.  It  ascetids  f  tom  the  umbilicus,  in  the  free  margin 
of  the  fftkiform  itga merit,  to  the  umbilical  notch  of  the  liver,  from  which  it  may  he 
traced  ip. its  proper  fossa  Surface  of  the  liver  tu  the  porta,  where 

it  becomes  continuous  with  the  iujanienium  tenomin. 

Fixation,  of  the  livet^rr^whi  •  factors  -contribute  to-  maintain  the  liver  in 
place.  The  attachments  of  the  liver  to  the  diaphragm  by  the  coronary  and  tri¬ 
angular  ligaments  and  the  intervening  MinHectrve  tissue  of  the  jmcpv^rffd  area, 
together  with  the  intimate  cvumeotion  of  the  inferior  yctm  «iva  by  the  connective 
tissue  and  hepatic  veins  would  hold  up  the  ]>ostcnor  part,  of  the  liver.  .Some'  atipn 
port  is  derived  from  the  pressure  of  the  abdominal  oishcra  which  completely  fill 
the  abdomen  whose  muscular  wallsare  always  in  H  state  of  tonic  contractlpn.  The 
superior  surface  of  the  liver  is  perfectly  fitted  to  the  wider  surface  of  the  diaphragm 
so  ytlmt  atnvospheric  ptbsSure  ftlcgie  would  lie  enough  to  hold  it  against  the  ;  dia¬ 
phragm.  The  lattei  10  -tumis  held  up  by  the  negative  pressure  in  fly*  thorax.  The 
lax  falciform  ligament  certainly  gives- wf  support  though  it  probably  limits  lateral 
displacement. 
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£to  I  wfkhTU^.-wptum  tiua*fv«r»tym.  etiibtyp  3  m  loos.  modol  mui  figure  by  Hi*.) 


DaTeiopsaatd'-The  JiVer^ arises  inthb  forth  of  a  diverticulum  or  hollow  outgrowth 
From  tlie”  ventral  surface  of.  that  pnrtidrt -of  flit;  gut  nhidt  afterward  becomes 
the  descending  part  of  the  duodenum  (Tig.  1 108).  This  diverticulum  is  1  tried  by 
entoderm,  and  grows  upward  and  forarird  into  the  septum  trnnsversum,  a  mass 
of  mesoderm  between  the  vitelline  duct  grid  the  fkrtcardinl  'cavity,  and  there  gives 
off  two  solid  buds  pf  cells  wihidi.  reprctjipjt  the  fight  and  the  left  lobes  of  the  liver. 
The  solid  buds  of  ceils  growr  into  riiimnns  or  cylinders!,  termed  the  hepatic  cylinders, 
which  branch  and  anastomose  to  forth  a  close  mesh  work.  This  network  invades 
tlie  vitelline  and  umbilical  ycifi#ig»d  breaks  up  these  Vessels  ibtufl  series  of  capil- 

tiieh  cpifnify  ip  the  meshes  of  fcjie  cellular 


Isry-like  vessels  termed  ainuaoids  (IVIiHot) 
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network  and  ultimately  form  the  vehoiss  capillaries  of  the  liver.  By  the  continued 
growth  and  ramification  of  the  hepatic cylinders  the  mass  of  thelivcr  is  gradually 
forme«j. Hie  original  diverticulum  f»aa  the  duodenum  forms  the  common  bile- 
duet;  and  front  this  the  cystic  duct  and  gall-bladder  arise  as  a  solid  outgrowth.  winch 
later  aciplires  a  lumen.  The  opening  of  the  common  duet  i»  at  first  in  the  ventral. 
\\  all  of  the  duodenum;  Uter,  owing  to  the  rotation  of  the  gut,  the  opening  is  carried 
to  the  left  am!  then  dorsal  ward  tp  the  position  it  occupies  in  the  adult. 

As  the  liver  undergoes  enlargement;  both  it  and  the  ventral  mesogastrium  of 
the  fore*gut.  arit  gradually  difterentiatwi  from  the  septum  trarisrersum ;  and  from 
the  under  surface  of  the  latter  the  liver  projects  downward  into  the  abdominal 
cavity*  By  the  growth  of  the  liver  the  ventral  iriesogastrium  is  divided  into  two 
parts,  of  which  the  anterior  forms  the  falciform  and  coronary  ligaments,  and  the 
posterior  the  lesser  omentum.  About  the  third  month  the  liver  almost  fills  the 
aisdominai  cavity,  and  its  left,  lobe  is  nearly  as  large  aa  Its  rigbt. ^  Troai  this  period 
the  /dative  development  of  the  liver  is  less  active,  'more  especially That  of  the  left 
lobe,  whit  h  actually  undergoes  some  degeneration  and  becomes  smaller,  than  the 
right;  but  up  in  the  end  of  feta!  life  the  liver  remains  relatively  larger  thaw  in 
the  adult. 


Win 


L— t>£>  -hepatic 
(y»  ft*»r  Ki«rr>an* ) 


Fja  1 1 10  —  Longitudioal  action  of  &  amail  portal  vam 
and  cants).  (After  Kicrpaa  j 


Nm®*.-~Tho  vessels  ccwneckxi  with  1 2 vet  arc* :  the  aitfsry,  the  portal 

veiih  and . ih«  h«^c.>ein».  ;  fr  :  >'/ ^  4«* 

beetle.  MrtetT  md  portal  vela*  afrooropahfed  uiiier^  -  -oerv^;  t<*  tke  prvrta* 

6(  ihtt  letter  owontuixi.  The  HU .dttbi  imfil  itrhfc  lymphatic  ?&m\a  thmenH 
rroi»;  the  layers  of  the  mmo  t  The  teUtive  position  q(  the  thnae 

et r U ia fix4lo w? ;  the  bdfrduci  to  to  ihn  rtgJitV/|dte‘  *2&$Eft,  xuid  the 

portal  vem  ht/tod  and  between  the  other  two.  They  are  enveloped  ift  k  loose  areolar  tissue,  the 
$br&ttff  fcftpSttUr  of  CJtoon,  wh«di  accompanies  The  vessels  in  •  TtotfgU;  the  portal 

canals  m  the.  wterioi  of  the  oc^ao  (Fig,  !  UiJi.  . 

The  hepatic  veins  (Fig.  M  00)  convey  t  he  blood  from  the  liver,  and  arc  tomhed  on  page  6*4. 

theii  paffetfes  closely  to  ibe 

wall&  pf  nhg'.  cu.Tmk  t.hroii#k -which  they  run  ;  m  that,  ;oi;  dehlioti  of  the  prR&n,  they  remain  widely 
open  nud  :«r<-  ^Uiui.'v /und  may  easily  dibUngmehed  from  the  tonche*  of  the*.  jmrtal  vem,- 
which  are  more  or  collapsed.  atid  by  aa  arf^v»n*i-du«t.» 

The  lymphatic  vessels  of  the  live/  am  dzamfced  on  page  7.1,5.  .  1 

The  nerves  of  th* 'liver.  derived  from  the  k^t'.rit^ue  .And  porta  and 

accompany  the  vessels  and  dueUtdfhc  kU^r^hui&i:  spaces.  Bare,  ferolkow.  the 
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medullated  fibers  are  distributed  almost  4exeJusiv>?l>  the  coate  •>/  th*  Mood  vessels ;  While  the 
non-medulhaed  enter,  the  lohtto  and  nuuiiy  hctiyoeh  tW  .^tsyiifd  £v£u  within  Uietii,1 


frjr  dfihufar  tufa 


M 

L  w*  ' 


Intralobular 


V  >*.:  J !  P  -'SrC ‘  uu<  ..<t  n/y-.r <«,-< {  v  ev  <iioK,> 


of  t tie  surface  of  the  began.  It "-U i  ml 
*ili:e  fibrous  coat  icapsiiln^BMa 
{  Gti&zon  \  ] ;  areolar  cOOt)  lb‘H  bctttf&t  U 
and  obver* 

■Cltf.  organ,' 

jV  'Uffihult 

ih#  Wfiere  (h^  xs  defi- 

;r.ier\!-‘  At *}>$ 'it 

the  Tilton* 

hijii >h  With 

the  /areolar  « tft&iie  j&iWjrating  tbo 
lobufas.  .v'-'V  ',..  ':  ’s  ;‘ 

The  loWole*  lltyM.i  M}kitia)  form 
;.‘the-4blef  pi&sb-  of  the  hematic  sub- 
af  atf«5  i he5«  may  be  3fc*Mj  either  cm 
the:  s^rfaee  Of  t}^ brgiVrij  or  by  mak¬ 
ing  u  *&ctibn  thbvugK  the  gland.  us 
tfmnJi  granular  bodies,  (Urdu  tube  -size 
of  a  milkd-^'d,  meu<sumig  from  1  to 
2,3  sum.  in  iliiiro(-»;*r.  Jn  the  huinao 
subject  tbeir  outlines;  are  very  irree> 
nlar  /  but  in  some  Of  fho  lower  anj- 
tnal?  (for  example,  t.ho  pig)  ibey  are. 
welWeimedf  and,  when  divided 
t;rsifi0ferlB^^  hut* 

ilnbs  Th^  basr-e  of  t  he  lobulcy  arc 

hepatic  veins,  .. ..  r,..,M .., ., . ,.. 

from  the  center  of the ^  lofooit  (t«^eio6a/ar).  •  The;  m  earning  part  of  the  surface  of  each  lobule 
i€  '^perfcefJt  isofelcid '  .frbm  •  t,ho  ^ilcrbuiaiing  lobulei*  by  a.  thin  stratum  of  aroutar  tissue,  in 
*mh  .fe  contamcil  a  plexus  ^  vpasvlft,  ihu  ifltcrlfttafer  p\tx\isx  and  ducts.  In  we  animate, 
the  ptg,  the  fabufo  are  ecmiple^?y  isofatbd  from  -oft*.  another  \>y  *he  .'intetlohufar  areolar  tissue 
(Fig  iM^h  • 

If  pfiet'Of  the  subiobular  veins  be  laid  open,  thehascs  of  the  liihufet*  may  be  seen  through  the 
thin  wallsof  the  vein  on  .which.  tboy arrajigi'd  ito  & fdim  «?3*enil?lVng  a  te^oiutrd  pavement, 

i^i; is>  i  AiWt .  >v«i&  $\\id04 


S ntvrtobiikif 
(Httalobai?  v  >>;, 


VJi>wrcU.v>^ 
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the  center  of  each  polygonal  space  presenting.  a  minute  ajpBf1.une>  the  month  vtf  an  irUrahbmsj 
vein  ( Fig,  1109) 

Mi-cronaipic  Appeamnm  (Fig.  U  t2).— lobule  .constats  of  a  mas»  of  ceils,  hepatic  uQi, 
arranged  in  irregular  radiat  ing  columns  between  which  ar$  The*? 

convey  the  blood  from  the  eiremnfem^e  to  the  $eot>?r  of  ttip  -‘ini'  intratotafe* 

which  runs  through  itft  center,  to  open  at  its  base  into  one  nf  the  subk»bul»r  v&rns, 


ducts,  ivy  which  the  Secretion,  when  formed,  k  r&rwd  uwuy,  -  • '  •;  ..  uV 

1.  'The  hepatic  are  polyttedirsl  in  fortfi  They  ya&y  In  Yme'i&m'  ¥$  to  m  diaia«*& 
They  contain  one  or  sometimes  two  distinct  nuclei  .  T-bn  tttie.Uus  exhibit'd  an  intfaniirlear  act* 
work  and  one  or  two  rof  r&ckil?  nucleoli .  Tftfe  ehlli  iiSuafiy  eahtitff  i  gran ujfe;  idtne  of  wfeich  or* 
protoplasmic,  while  others  consist  of  glycogen ,  fat.  or  an  iron  coinpoUmt  In  the  b^r  vertebrates 
e.  g  ^  frog,  the  efclls  are  arranged  in  tuhes  wlth  The  hdudtret  fortnlog  the  )iimfcU;  ^d  bioodv^aek 
■  externally. ^  Acacrding  to  DoMpino>  cvidesices  of  tViis  urrangoment  can  h*>  found  in  tbs  hum** 
liver. 

%  The  Bioodv^ads. — The  blood  in  the  caplihuy  plexus  aradnd  the  liver  cells  bro n$ht:  t& 
the  livev  princifmliy  %  the  portal  vein,  bat  also  to  a  certain  extent  by  the  bcpaUs  artery. 
The  hepatic  *rfcar&  entering  th«>  at  the  porta  with  the  portal  vein  and  hepatic  duct. 


of  the  voxels  nod  du^i;.  It  liteo  give*  off  cwpaiilor  branches,  which  reach  the  *urfrw  •:  jj 
organ,  in  its  rdirbuB  ^atTn  atfiU&te  plexuses’ ,  Fi milly .  it  gives-  off  intdrlohxuax  fcraasbw i, 

whir-fa.  hUn*>iu  / r: i r a i  1  «•■  w-u f*i 5  IbKYite  in  teitrsrtKf  i.he>- nt  "iMvi  ini^rlOhnlftr.  w.ir.*  ,*fvl  V,V 


ngt-work  of  ivinusoidte  hot  ween  ihfc  cells. 

The  portal  vein  *feo  QM&m  ad,  the  porta,  and  runs  through  the  portal  canals  (Fig. 


anti  capsular  veki^  cdmKpind. 
in£  t«  tktv  V’ttgidid  Ofld  captfuar 
branch  e$  of  t  he  hepatic  army 
Thus  it  w  tU  that  all  list 

blood  c;itfhed  \&  the  liver  bythr 
porittl  VtHfe  atul  hepatic  sniffy 
dads  iter  way  mb*  the  inierki^ 
ulasr  ftiam  this  ptai* 

the  blood  ^carried  into  the  tabole 
Py  fme  branches  -which  cormtrg? 
from  the  circumference  to  the 


.  f|6.  JH3.  ~ Action  &'crc&  portal  $on*l  jlf  p»ff-  ,#Hl 
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shov^u  b>- Gottis  nifdtfyi.  '  -vari. 


ceoict  of  the  tphvdc.  and  are  connected  by  traJisvcrse  branches  <Fig.  1111*.  Tbe'  walk  j|  thsiS 
email  vc^tls  are  incnmpM*  bo  that  the  b)ood  »e  bKiugbv.  vote  direct  relationship  with  the  Hw* 
cells.  Th<r  1  :nhig  w In tbrlih m  conswis  of  irregularly  hrspehed*  disconnected  wlls  UnMatr  ot£*  $ 
Knpjkr)  MQf«nynTr  ttcahrdtn^fc  and  §impmn ,  nimnte  ebsfesete  pam^ifUie the li wr ettk 

euhv^.Hhg  thp opusiituetih*  of  bt<K>d  mtO  thoif  substapee,  ll  will  be  seen  that  tfc* 
bkKHieiipi|iat*te>  <ii  the  iiytr  febide  differ  etfurthraffy  frOpj  capibaric^  deowfec^  •  f^elopmentaih' 
they  are  formal  by  the  growth  of  ih^  colurntis  of  liver  cells  into  iarge  bk«yt  srp^<>s  or  sunsEa 
.and  hcuc^  th^  have  received  th^  nurt)*  of  ',4?m«juM>kla.v  Arriwfl  ai  thec-cutc^ ^of  the  loi  uP. 


tl*e  ihetoelyefc  ivitit 


'*f  Wtsid^rahte  me,  which  runs  dowrt  the 


tfae  tteetB^ive^  m'tcv;»>o.e-.'A»tn. 

e*cat*r  of  xlm  lobule  Trota’  apex la  l>a^  tijoti  is  the  ifctraMmi&r  veittr  At  the  base  ot 

*Uc  wn  •apcpa  dimoictiy  into  the  4ittblobular  veisi*  with  which  the  lobule  ^  con- 

trected.  ••  ;amte;  i&  iycm  larger  nod  larger  intake,  and  end  nt  ialt  m  the 

hepKtjp.  to  form  three  large  trunk«  which  open  into  the  inferior  vena  eava 

wlule  that  w®&$rw  gfta&t&i'  in ito  fo*s&  on Hie  posterior  surface  of  the  liver. 

:,3i  The  bile  ducte  commehoe  by  Ifttl$,:^^i  m  the  liver  cells  .which  -wmumicate  with 
eaji&bnuU  termed..  ifitereeliaia?  biliary  passages  (f/iie  sapiUanAHU  These  pw&nges  are  merely 
ikite  ch&mt&ls  spaces  left  bstvrwjii  live  con tigiious  smfaecB  of  t  wo  cells;  or  m  the  angle  where 
■  three- bjr  more  liver  cells  meet  they  iu^  ali^ayw  separated  from  the 'blood  eapil- 

lari^s  by  at  least,  Italf  the  width,  r*  it  ver  roil.  The  ^hartodB-iliUB  formed  radiate  to  the  cinnirn- 
fomH-r?m  )  he  lob’ale,  and  open  iron  the  io't^r lobular  bile  duets  which  run  in  GlisBOii-s  capsule, 
inoeotnpasndng  the  'portal  Vein  and  hepatic  artery  (Fig,  - 1-113) T  These  join  with  other  ducts  to 
form  t  wo  main  trunks,  which;  Ie&*&  "the.  JSVgr  -the.,  tr&nsiverse  fissure,  and  fay  tbeir  nnion  form 
the  hepatic  duct, 

Structure  of  the  fkaU.  —The  walls  Of  the  biliary .  duets .  consist  of  a  connective-tissue  coat,  In 
which  sue  muscle  eelb,  arranged  both  circt ilar \y  and  longitutlinally,  and  &n  epithelial  layer, 
consisting  of  abort  tfolamnar  eells  rating  on  a  distinct  basement  membrane.  •,••:■■■..  ■ 

Excretory  Apparatus  p!  tiiQ  LivBr.  -Tiii  exiaetory  apparatus  of  the  liver  con¬ 
sists  of  (11 . 4be  tepatic  doet,  formed  by  t In  junction  of  the  two  main  ducts,  which 
'pass  out  of  the  li  v  cr  at  the  port*.;  (21  the  gall¬ 
bladder,  which  sieves  as  a  reser  voir  for  the  bile ; 

(3)  the  cystic  dnct.  or  th^  dntl  of  flip  gall-blad¬ 
dery  and  (4)  the  comnson  bile  duct,  formed  by 
the,  juiietioti  of  the  hepatic  am!  cystic  duets 

The  Hepatic  Duct  {dueivs  hcpahciiaj.—Two  > 
rrnvm trunks  of  .nearly  equal  siw  issue  from  J 

the  liver  at  the  porta,  one  froth  the  right,  the  I 

other. from  the  left  lobe;  these  UHite  to  form  } 

the  hepatic  duct,  which  passes  downward  anti  | 
to  the  right  for  about  4  em„  between  the  layers  1 

s»f  the  ji'saei*  , omentum,  where  it  it  joined  at  .  | 
an  acute  angle  by  the  cystic  duet,  and  so'  forma  9 
the  common  bile  duet.  The  hepatic  duct  is  | 
accompanied  by  the  hepatic  artery  anti  portal  M 
vein.  |.;: 

'the  GftU-biaddaf  (vmm  feilt-o)  (Fig.  j  tl->).  &•. 

— ‘Tlie  gall-biadder  ts  a  cubical  or  pear-shaped  f|i 
•iHutculumetabranous  site,  lodged  h>  a  fossa  <m 
the  under  surface  of  the  right  lube  of  the  liver,  .  ” 
and  e.vtending  from  near  the  right  extremity  of 
the  portato  t  he  anterior  border  of  the  organ.  It 
is  from  7  to  1 t>  cm.  in  length  ,2.5  cm.  in  breadth  at 
if  3  widest  part,  and  holds  from  30  to 33  c.e.  Jt  is 
divided  into  a  fundus,  body,  and  neck.  The 
fundus,  or  broad  extremity,  is  directed  down- 
ward,  forward,  and  right;  and  projects 

beyond  the  anterior  border  of  the  liver;  the 

body  and  aeck  are  dhdeted  ppward  and  Weir-1  .  .  ■  .  ^  4  .  . 

ward  to  the  left.  The  upper  surface  of  the  gall-  '"  ' ,K aw  *.“*0 

bladder  jsatthebied  to  the.  liver  by  eofinettive 

'tissue. and  vessels.  The  under  surface  is  covered  by  peritoneum,  which  is  reflected, 
on  to  it  from  the  surface  of  the  liver.  Occasionally  the  whole  of  the  organ  is 
invested  by  the  serous  membrane,  nod  is  then  connected  to  the  liver  by  a  kind 
of  mesehtery 

surface,  with  the  fiyer;  fay  it*  under  siiH&ce* 


f  tjnth 


,0ihHirtOli>  lilt- 

4&f.  • 


KrtUtioia, ~ -T ‘he  body  is  . .  .r.  _ *  ...  ,.^V4  . .. 

with  the  eommen cement  of  ?,be  f  ra«»j5V<t^  colon ;  ariti  fart  her  back  U8u»tl.v  with  the  upper  .end 
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of  the  descending  portion  of  tbe  doodeoto,  but  ^tbi  the  portion  orti* 

dqoden'um  or  pyloric  >nd  of  iJie  aiomack.  TiiQ  fundus  is  tfomplsteiy  invests  (iy  ptru^cej 
it  is  in  relation,  in  f root,  .with  thw  Abdominal  patrietes,  imo^ediatcdy  below  the  ninth  ::•• 

tilogfc;  behind  with  the  tntiuivmo  colon..  Ths  sack  .is  narrow,  and  curves  upon  teff.  liked** 
letter  S;  at  its  point  of  ctoxineeiiiOh  with  the  cystic  cjuc£ ft  ptoaenis  a  weH-merked  coiutriei  iou 


F*W  -  j  i  ai«V!C«#' -section  of  palthisdder. 


Structure  t  liib),-^The  guiUdudde^  f/ousmts  of  three  coats;  **roas,  fibrcflocoLSCtiUr.  jc:- t  j 

maeouac 

The  entail  6t  settfb®  '{tunica  ttirom  ffljj&ii.  jfctt&je)  is  derived  irom  .  the  peru0Ti\aT»t  c;. 
cq&pfatfefy  invest*  the  fundiis,  Util  coyote  the  body  and  oeck  only  on  their  under 

The ^Shr^£ntw«tllar  coat  U7/«im  mteculans  imiaz  fdktry9  u  thin  but  strong  layer,  fmaa^.  bv 
frame-work  'of  tlvf.kacb  consists  of  dense  fibrous  tissue,  which  interlaces  in  atl dirmie j$fj  $$  5 
tt^ed„  wft2i  plain.  muaettiar  /Shears,  •  d&pasud  ^hieiiy  in  a  hnigHudittal  direction,  a  fyy  tTaat^ 
transversely .  . . 

Thnrlb(drn4f<ir;xa^co^  $g».tr  (tonica  mu&wi  fdltyf)  la  luoaely  emmfceicd  with  the 
layer,  -ft  is  generally  of  w  ycdlowtsb-bromi  color*  and  is  Hevaigd  into  minute  riigav  /-■■. ;' 

the  peek  01  the  galbb.taii.d^r  the  mucous  membrane  projects  inwa/d  in  the  form  of  h-Uift 

pfefotd.s,  forming  &  »ph  <A  ^  ;Uv*' 

The  taucous  .wtt!3»brime;:fe‘  •j&mUnuuusi.  through  the  hq>gtm  duet  with  the  muedn^ 
lining  .the  duets  of  the  liver,' ami  through  the  common  bile.  duct,  with  the  tnueou*  i) 

the.  duodetmtr*.  U  id  covered  with  columnar  epithelium,  and  seeretesr  bincin:  in  «onu*  iiatibdr 
■  if  a  huei&jpmwnn  ru^tead  df  anufin.  1  \  .  '  .  ■  '.  '  '  '. 

The  Cystic  Duct  {ikntffw  cystic  dw/t  about  4  cm.  i\mgi  ran s  Uii* 

ward,  <lt»wiivv;ird*  .?iii<i  to  tlco  left  from  the  neck;  of  the  galMdadder.  and  join-  the 
hepatic  duct  fctfcfStifi  &  cotmndit  bile  duct.  The  mucous  membrane  }m£&£  r* 
iirtertar ha  itewu  mto- a. M  crescentic  folds,  from  five  to  .  tivdvt?  ?« 
similar  to  those  fwmt.1  in  the  neck  of  the  gulMd udder.  They  project  xlte.ifatt 
in  regular.  SMccfc^cm.  and  are,  dftWed  ^tq$4iy  around  tfm  tube.  pr 
iDueh  theyappearunefc  of  a  VOTtmumi*  jspimi  vulyc,  When  tfie  duct  A* ^dis?^idr 
the  .spaces  lieiwcen  the  folds  ure.tUfetixl/  s.o  as  to  yrive  to  its:  exterior  a  Witid  ■ 

appearance,':  .  .  ,,  T:  5 V‘;';:’ 

The  Cmmuuti  Bile  Duct  {diwfm  •  bil^ 4^*.fnnaM 

by  the  junction  of  the  cystic  and.  fiiepatic  dubte;  xt  i;4ateitT^ 
dtaimter  *jf  4  gottse^jufit 

It  defends  along  the  right  border  of  tbe;'les2?er;i.if:a4mt:um •  fc^hiud  the 
portion  #>1^ the  d ancfeimru,  in  front  of 

art-Cir>  ;  it  then  runs  in  4  groov  e  ne^r  the  right  border  of  .the  pdstmnr'  tfe 

head  of  the  pancreas;  here  it:  is  siumted  m  front  pf  the  inferior  vena  cava,  » 
occasionally  completely  imbedded  in  the  panercatk1  substance*.  At  .  teroiiwahan  ■ 
it  lies  for  a  short  dbtrnice  a1>jng  t  be  right  side  of  the  terminal  j)art  of  the  paaensita 
duct  and  passes  wrtli^  k  obliquely  betweettthe  mucou3  '  Tte 
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two  duct.'-,  unite  und  open  bv  a  common  onfice  uppn  the  sUmirut  of  the  duodenal 
papilla,  situated  at  the-  medial  side  of  the  des<^i^iiSf:'|ioitfbn  of  the  duodenum,  a 
little  below  its  tnjdtlle  and  about  7  to  10  on.  ({rbfipi.  tFse'p^'lttfuS'  (Fig.  USD).  The 
short  tube  fotfiied  by  the  union  of  the  two  duets  is  dilated  into  an  ampulla,  the 

ampulla  of  Vater.  la\l-  '  ' 

Structure.— The-  rosw  of  the  large  biliary  ducts  are  an  sxtetmi  or  fibrous,  and  an  internal  or 
mucous.  The  fibrous  «C*t  wcswipoaed of  ap^ojg'fifafoaredlar  tissue,  with  a  certain  amount  of 
muscular  tissue,  arranged,  for  the  tatwfc -park  in  a  circular  manner  around  ,  the  duct.  The  mucous 
coat  la  continuous  with  the  lining  im'inhwnc  t>f  the  hepatic  ducts  and  gaH-biadtic-r,  ami  also  frith 
that  of  tlio  duoddnimv;  -and,  like  the  itiJicbu^  of  these  structure,  its  epi.tJbeTftttifcls  of 

the  columnar  variety.  It  is  provddwt  With  numerous  inutous  glands,  which  are  lobukted  anti 
open  by  minute  orifices  scattered  irregularly  ip  the  larger  ducts. 


The  Pancreas  (Figs.  JUT,  HIM i. 

The  pancreas  is  a  cptripound  racemose  gland,  analogous  in  its  structures  to  the 
salivary  glands,  though  sol  ter  find  -less- compactly  arranged  than  those  organs. 
Its  st'Ofetifiij,  tin?  pancreatic  Juice,  e<u'ried  i>y  tife  j>atn*n'atit’  duet.  to  tlie  ddixlemim, 
is  an  imports!  rif  digestive  fluid.  In  addition  the  pancreas  bo-?  an  important  internal 
secretion,  probably  elaborated .  b,V'3tbe  failles  of  Langerfwute,  ^bfebdaviafeep  tip  by 
the  blood  atteafu  and  is  WHeertied  with  sugar  rtietabbititii.  Itts  tang  and  irbegula rly 

£*$fah  costal  cartilage 


abdominis 


hi 


Flu,  1  l  1-1!  A~YtyOdvtt'F*t'  mh-i  i « u*  t£»rt>qj$h  •*&&.  nmlrl  le  of  ilm  ft  nub  Itnnlwu ;  isirfebr'*;.  shorvinfer  lb©  relation*  »tf.  t'Ce  ywiaVre*!*. 


.(Bratioe.]i 


prismatic  in  shape;  it  >  ri^iu.  extremity,  being  broad.  Is  called  the  &ead,  nod  is  >  f- 
n^ctai  tc>  tte  main  portion  of  the  organ,  or  body^^^.u-'^lght  .transtriiHiOb <  n*ck\ 

while  its  left  Ht -^adually  taper;*  tc*  .form  the  tail.  It 

aer^s  the  posterior  wall  of’the  abdomepy  at  the,b0ok  rrf  tdie  epigastric  ami  left 
hypochondriac  regions,  lov  length  \  uf ie^  from,  12.5  to  15  cm.,  uml  it**  v  ekin.  i'nen 
bo  to  100  gnu 


Nutii 


HM 


SPLAXCUNOUXrV 


BelatiOM^The  Head  (rapid  {xinmath)  is  flattened  from  before  backward,  and 
lodged  Hi  thin  the  curve  of  the  duodenum.  Its  upper  border  is  overlapped  by  the 


J'  lQ  Hia^Tiifc  ciuo^eneiD  *ud  pauftns>w. 


superior  part  of  the  drtfMleimm  amf  ft*  lower  overlaps  the  horizontal  part;  its  right 
and  left  borders  overlap  in  front,  and  insinuati:  themselves  behind,  the  descending 


Stip&i0r  mesenteric  artery 


('elioe  afUfjf 


j/>r 


Ku*  l  -r3Ni*  r»«Piclr»w uuri  iiupdieUU^-froiu  fc&ttut; .  iVtom  inotlci  by  HU ) 


ami  a^jidirig  parts.  tl<e< |3u«><li'num  respertfiycljv  The  angle  of  junction  of  the 
loiv«-r  anti  left  lateral  bur.lcrs  fotjift  «  prolongation, tefranJ  the  uncinate  process.  Ir. 
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the  groove  between  the  duodenum  and  the  right  lateral  and  lower  borders  in  front 
are  the  anastomosing  superior  and  inferior  pancreaticoduodenal  arteries;  the  com¬ 
mon  bile  duct  descends  behind,  close  to  the  right  border,  to  its  termination  in  the 
descending  part  of  the  duodenum. 

Anterior  Surface. — The  greater  part  of  the  right  half  of  this  surface  is  in  contact 
with  the  transverse  colon,  only  areolar  tissue  intervening.  From  its  upper  part 
the  neck  springs,  its  right  limit  being  marked  by  a  groove  for  the  gastroduodenal 
artery.  The  lower  part  of  the  right  half,  below  the  transverse  colon,  is  covered 
by  peritoneum  continuous  with  the  inferior  layer  of  the  transverse  mesocolon, 
and  is  in  contact  with  the  coils  of  the  small  intestine.  The  superior  mesenteric 
artery  passes  down  in  front  of  the  left  half  across  the  uncinate  process;  the  superior 
mesenteric  vein  runs  upward  on  the  right  side  of  the  artery  and,  behind  the  neck, 
joins  with  the  lienal  vein  to  form  the  portal  vein. 

Posterior  Surface. — The  posterior  surface  is  in  relation  with  the  inferior  vena 
cava,  the  common  bile  duct,  the  renal  veins,  the  right  crus  of  the  diaphragm,  and 
the  aorta. 

The  Neck  springs  from  the  right  upper  portion  of  the  front  of  the  head.  It  is 
about  2.5  cm.  long,  and  is  directed  at  first  upward  and  forward,  and  then  upward 
and  to  the  left  to  join  the  body;  it  is  somewhat  flattened  from  above  downward 
and  backward.  Its  antero-superior  surface  supports  the  pylorus;  its  postero- 
inferior  surface  is  in  relation  with  the  commencement  of  the  portal  vein;  on  the 
right  it  is  grooved  by  the  gastroduodenal  artery. 

The  Body  ( corpus  pancreatis)  is  somewhat  prismatic  in  shape,  and  has  three 
surfaces:  anterior,  posterior,  and  inferior. 

The  anterior  surface  {facies  anterior )  is  somewhat  concave;  and  is  directed  for¬ 
ward  and  upward:  it  is  covered  by  the  postero-inferior  surface  of  the  stomach 
which  rests  upon  it,  the  two  organs  being  separated  by  the  omental  bursa.  Where 
it  joins  the  neck  there  is  a  well-marked  prominence,  the  tuber  omentale,  which 
abuts  against  the  posterior  surface  of  the  lesser  omentum. 

The  posterior  surface  (facies  posterior )  is  devoid  of  peritoneum,  and  is  in  contact 
with  the  aorta,  the  lienal  vein,  the  left  kidney  and  its  vessels,  the  left  suprarenal 
gland,  the  origin  of  the  superior  mesenteric  artery,  and  the  crura  of  the  diaphragm. 

The  inferior  surface  (facies  inferior)  is  narrow  on  the  right  but  broader  on  the  left, 
and  is  covered  by  peritoneum;  it  lies  upon  the  duodenojejunal  flexure  and  on  some 
coils  of  the  jejunum;  its  left  extremity  rests  on  the  left  colic  flexure. 

The  superior  border  (mar go  superior)  is  blunt  and  flat  to  the  right;  narrow  and 
sharp  to  the  left,  near  the  tail.  It  commences  on  the  right  in  the  omental  tuber¬ 
osity,  and  is  in  relation  with  the  celiac  artery,  from  which  the  hepatic  artery 
courses  to  the  right  just  above  the  gland,  while  the  lienal  artery  runs  toward  the 
left  in  a  groove  along  this  border. 

The  anterior  border  (margo  anterior)  separates  the  anterior  from  the  inferior 
surface,  and  along  this  border  the  two  layers  of  the  transverse  mesocolon  diverge 
from  one  another;  one  passing  upward  over  the  anterior  surface,  the  other 
backward  over  the  inferior  surface. 

The  inferior  border  (margo  inferior)  separates  the  posterior  from  the  inferior 
surface;  the  superior  mesenteric  vessels  emerge  under  its  right  extremity. 

The  Tail  (cauda  pancreatis)  is  narrow;  it  extends  to  the  left  as  far  as  the  lower 
part  of  the  gastric  surface  of  the  spleen,  lying  in  the  phrenicolienal  ligament, 
and  it  is  in  contact  with  the  left  colic  flexure. 

Birmingham  described  the  body  of  the  pancreas  as  projecting  forward  as  a  promi¬ 
nent  ridge  into  the  abdominal  cavity  and  forming  part  of  a  shelf  on  which  the 
stomach  lies.  “The  portion  of  the  pancreas  to  the  left  of  the  middle  line  has  a 
very  considerable  antero-posterior  thickness;  as  a  result  the  anterior  surface  is  of 
considerable  extent;  it  looks  strongly  upward,  and  forms  a  large  and  important 
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part  of  the  shelf.  As  the  pancreas  extends  to  the  left  toward  the  spleen  it  crosses 
the  upper  part  of  the  kidney,  and  is  so  moulded  on  to  it  that  the  top  of  the  kidney 
forms  an  extension  inward  and  backward  of  the  upper  surface  of  the  pancreas 
and  extends  the  bed  in  this  direction.  On  the  other  hand,  the  extremity  of  the 
pancreas  comes  in  contact  with  the  spleen  in  such  a  way  that  the  plane  of  its 
upper  surface  runs  with  little  interruption  upward  and  backward  into  the  concave 
gastric  surface  of  the  spleen,  which  completes  the  bed  behind  and  to  the  left.  and. 
running  upward,  forms  a  partial  cap  for  the  wide  end  of  the  stomach.1 


Hepatic  artery 


Pr trial  mm 
Common  biU'diict  \ 


Orifice  of  common 
bile-d net  and 
creaUr  ciufi 


Aecesfiory  pancreatic  duct 
/  Panermhc  duet 


F>.!<  Ui‘0  -the  dkiv'cc&l m  duct. 


The  Pancreatic  Duct  {ductus  pancreaticm  [Wirsungi];  duct  of  Wirxung)  extends 
transversely  from  left  to  right  through  the  substance  of  the  pancreas  (  Fig.  1 12*h.  It 
commences  by  the  junction  of  the  small  ducts  of  the  lobules  situated  in  the  tail  of  the 
pancreas,  and,  running  from  left  to  right  through  the  body,  it  receives  t  he  ducts  of  the 
various  lobules  composing  the  gland.  Considerably  augmented  in  size,  it  reaches  the 
neck,  arid  turning  downward,  backward,  and  to  the  right,  it  comes  into  relation  with 
the  common  bile  duct,  which  lies  to  its  right  side;  leaving  the  head  of  the  gland, 
it  passes  very  obliquely  through  the  mucous  and  muscular  coats  of  the  duodenum, 
and  ends  by  an  orifice  common  to  it  and  the  common  bile  duct  upon  the  summit 
of  the  duodenal  papilla,  situated  at  the  medial  side  of  the  descending  portion 
of  the  duodenum,  7.5  to  10  cm.  below  the  pylorus.  The  pancreatic  duct,  near  the 
duodenum,  is  about  the  size  of  an  ordinary  quill.  Sometimes  the  pancreatic  duct 
and  the  common  bile  duct  open  separately  into  the  duodenum.  Frequently  there 
is  an  additional  duct,  which  is  given  off  from  the  pancreatic  duct  in  the  neck  of 
the  pancreas  and  opens  into  the  duodenum  about  2.5  cm.  above  the  duodenal 
papilla.  It  receives  the  ducts  from  the  lower  part  of  the  head,  and  is  known  as 
the  accessory  pancreatic  duct  (duct  of  Santorini). 

Development  (Figs.  1121,  1122). — The  pancreas  is  developed  in  two  parts,  a 
dorsal  and  a  ventral.  The  former  arises  as  a  diverticulum  from  the  dorsal  aspect 


1  Journal  of  Aaattfmy  and  Physiology,  pt.  1.  vol.  51, 102. 
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of  the  dimlemim  a  shotl  distance  whore  the  hepatic  diverticulum ,  acid  *  growing 
upward  and  fortus  a  pan  of  the  head  and 

uncinate  process  and  the  whale  of  the  body  and  tiiil  of  the  panere^s.  The  ventral 
port-  appears  in  the  form  of  a  diverticulum  from  the  primitive  hik-duet  and  forms 
the  rerp binder  of  the  head  and  uncinate  process  of  the  pancreas.  The  duct  of 
the  'dorsal  part  (accessory  pancreatic  duct)  therefore  opens  ir?‘ic|>endently  into  the 
duodenum,  while  that  of -the  Ventral  part  (pancreatic  duct)  opens  with  the  common 
bile-duct.  About  the  sixth  week  the  two  parts  of  the  pancreas-  meet  and  fuse 


A  C£c*$ory  ptj  nereahe  duct 
/  pora$l  ppftcr&tj 


A<£e#>OTy  pstncrvittc  duct 
S''  lh>rml  pattered 


1  Yrriral  ytmerms 
F'tncrcatic  duct 


|  T tnirol  yanct&u 

Pa  iicreditc  duct 

Tpancwini  ojf  ft  Wto*u  *rabryo  at  euri  of 
sut-ii  v  /foii.  (|,.«>]{'naciH  ( 


bile  d»* 


-Paricreia  r4  »  human  «.r»ilipy£  rj  trvrt 
w*ek».  (KoUmaan  J  '  ;  ' 


and  a  eOidtuuni^tida  is  established  between  their  duets.  .After  tins  has  occurred 
the  terihinal  part  of  the  acceas«'/ry  ’duct,  L  e.*K  the.  part .);>fetw#rt  . the  dUfid^tiufit  #nd‘ 
the  point  of  meeting  of  the  two  ducts,  undergoes  little  pr  no  enlargemevit,  while 
the  pancreatic  duct  increases  in  size ^and  forms  the  main  duct  of  the  gland.  The 
owning  of  the  accessory  duct  into  the  duodenum  is  sometimes '  uhlfter'ated.'  ftnd 
evert  when  it  remains  pa tent  it  is  probable  that  the  whole  of  the  pancreatic  secretion 
is  con v wed  through  the  p^nereatfe duct. 

Looter 

Liver  Stomach  onteidura :£*eer 


.  ..  -Isjl *‘M «L  ■ ' 

'  gi'ltuf  jjfouti  ■  \  ;  ,7.:  ;  * 

-Srhstt^ntic  and  rmlui ged  cros*-soetion  through  the  body  pi  h  human  embryo  ir»  the  ’■■faifigm  bJ ■  the 
awaogiwtrium.  n v ginning  pf  third  month.  (poUlt.) 


At  first  the  pancreas  is  directed  upward  and  backward  between  the  two  ’layers 
of  the  dorsal  mesogastrium,  which  give  to  it  a  complete  peritoneal  iuv^tment, 
and  its  surfaces  took  to  the  right  and  left.  With  the  change  in  the  position  uf  the 
stomach  the  dorsal  mesogastrium  is  drawn  downw  ard  and  to  the  left-,  and  the  right 
side  of  the  pancreas  is  directed  backward  and  t  he  left  forward  (Fig-  The 

right  surface  be^mes  applieif  to  the  posterior  abdominal  wall,  and  the  peritoneum 
which  covered  it  undergoes  absorption  ( Fig.  ]  124  :;  and  thus*  in  the  adult  the  gland 
ii-p}>ejars.''id  lie-heMnd  'the .peritoneal  cavity; 

Structure  dig.  it In.  atijiruire,.  the  jmnmiw  ros^iU*k;s  (tie  -ndmiTy  it 

Igniter u  in  partiotiliOlsi  ami  i»  Bad  tettw 

«*m*ki*«-d  h*  a  dmt.inrt  v-mwibn,  but  -i*  *artv.imlrU  l»y  areola  r\rU>:ue?  wlarji  \br>-  n.j*>  a*  riOem*, 

iii»d  e^.iShi^t$  tc^rlyiCr  xlm. ;V&rin Uft  !ni»U|^  of  n  lvioh  it  if*  rnmEoaeiJ;  ;Efv'tV  j)>e  ifa 

<if  thr!'  r^u8i2ii«;:or'Uf>i‘.  cjf  the  uifiiruHe ^ramiScBaejq^^f  rJbo  gvain  Uum,  to '£:• 
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number  of  m> rircft rn  ;ft)r  which  an-  tabular  dsml^om.'mhm  CODVohit^.  The  minute 

<iurlr ■  foiin*'ctod  .with  the  alvix>ii  arc  narmw  and  Lined  with  flattened  cells.  The  alvenii  are 

•  "•'•  ,.•;  \  ;  ;  '  ■■  ’  ^  .  V  r;  .;  *  ' '  ,  V\  '<•  '\  ^ 

•'■  ^  ■  %V;:  •’•  •;  .;  *  '  ■i:>9fU''^'U4^  .  .. 


//.'  4  fa ■! I  jl  ■  gbitd 

•  ,:  "  . 

no.  iVii - settle  «»ou  m  m  Fi#,  U23»>Mw* 


Ah’folut.i 


•itectiUn  Hi  p^Dcrei^oidojt  .  J&S  2&0. 
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THE  UROGENITAL  APPARATUS  (APPARATUS  UROGENITALIS ; 
UROGENITAL  ORGANS). 

The  urogenital  apparatus  consists  of  (a)  the  urin&ry  organs  for  the  secretion 
and  discharge  of  the  urine,  and  (6)  the  genital  organs,  which  are  concerned  with 
the  process  of  reproduction. 

DEVELOPMENT  OF  THE  URINARY  AND  GENERATIVE  ORGANS. 

The  urinary  and  generative  organs  are  developed  from  the  intermediate  cell- 
mass  which  is  situated  between  the  primitive  segments  and  the  lateral  plates  of 
mesoderm.  The  permanent  organs  of  the  adult  are  preceded  by  a  set  of  structures 
which  are  purely  embryonic,  and  which  with  the  exception  of  the  ducts  disappear 
almost  entirely  before  the  end  of  fetal  life.  These  embryonic  structures  are  on 
either  side;  the  pronephros,  the  mesonephros,  the  metanephros,  and  the  Wolffian  and 
MiUlerian  ducts.  The  pronephros  disappears  very  early;  the  structural  elements 
of  the  mesonephros  mostly  degenerate,  but  in  their  place  is  developed  the  genital 
gland  in  association  with  which  the  Wolffian  duct  remains  as  the  duct  of  the  male 
genital  gland,  the  Mullerian  as  that  of  the  female;  some  of  the  tubules  of  the 
metanephros  form  part  of  the  permanent  kidney. 

The  Pronephros  and  Wolffian  Duct. — In  the  outer  part  of  the  intermediate 
cell-mass,  immediately  under  the  ectoderm,  in  the  region  from  the  fifth  cervical  to 
the  third  thoracic  segments,  a  series  of  short  evaginations  from  each  segment  grows 
dorsalward  and  extends  caudalward,  fusing  successively  from  before  backward  to 
form  the  pronephric  duct.  This  continues  to  grow  caudalward  until  it  opens  into 
the  ventral  part  of  the  cloaca;  beyond  the  pronephros  it  is  termed  the  Wolffian  duct. 

The  original  evaginations  form  a  series  of  transverse  tubules  each  of  which  com¬ 
municates  by  means  of  a  funnel-shaped  ciliated  opening  with  the  celomic  cavity, 
and  in  the  course  of  each  duct  a  glomerulus  also  is  developed.  A  secondary 
glomerulus  is  formed  ventral  to  each  of  these,  and  the  complete  group  constitutes 
the  pronephros.  The  pronephros  undergoes  rapid  atrophy  and  disappears. 


The  Mesonephros,  Mtlllerian  Duct,  and  Genital  Gland. — On  the  medial  side  of 
the  Wolffian  duct,  from  the  sixth  cervical  to  the  third  lumbar  segments,  a  series 
of  tubules,  the  Wolffian  tubules  (Fig.  1126),  is  developed;  at  a  later  stage  in  develop¬ 
ment  they  increase  in  number  by  outgrowths  from  the  original  tubules.  These 
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tubules  first  appear  as  s»‘>!*cl  ntasses  of  cells,  which  later  become  .hollowed  in  the 
center;  ujh*  pftd  gttiWi;  towawl  aud  finally  open#  into  the.  Wolffian  duct,  the  other, 
dilates  and  k  mvaginated  by  u  tuft  of  capillary bloodvessels  to  form  a  glomerulus. 
The  tubule*  e<>lk-c<h*dy  constitute  thv  masonephroe  or  Wolffian  body  (Figs.  lOi-fy 
U2T;,  Rjr  the  fifth  or  sixth  w^k  fhia  body  forms,  an  elongated  spindle-sdi^peti 
structure,  termed  t.he  urogtuutai  fold  (Fig.  f  which  projects  into  the  edoiuic 
cavity  at  the  side  of  the  dorsal  mesentery,  reaching  from  the  septum  transvemitn 
in  front  to  the  hi th lumbar  segment  behind;  in  ihk  fold  the  reproductive  glands  are 
developed.  Tire  Wolffian  bodies  persist  and;  form  the  permanent  kidneys  In  fishes- 
and  amphibians,  hut  ui  reptiles,  birds.,  and  manumits,  they  atrophy  and  for  the 
most  -port  disapjrear  eoitieUicntly  with  the  development  of  the  permanent  kidneys. 
The  atrophy  begins  during  the  sixth  or  seventh  week  and  rapidly  proceeds,  so  that 
by  the  liegitming  of  the  fifth  month  only  the  ducts  and  a  few  of  the  tubules  remain. 

In  the  male  the  Wolffian  duct  persists. 
t  and  forms  the  tube  of  the  epididymis,  the 

ductus  deferens  and  the  ejaculatory  duct, 
,t  ?-  while  the  seminal  vesicle  arises  during  the 

third  month  as  a  lateral  diverticulum  from 
p,M||! I  I  '  its  hinder  end. '-A  large  part  of  the  head. 

4  end  of  the  m^ouephros  atrophies  and  di  s- 

ap^afe;  <jf  thk  rtsmainder  the  anterior 
.  „  tubules  form  the  efferent  duets  of  the 

Fifi.  J  12?  .--EnlaTKed  rttr*  jrnm  the  front  u!  the  .  •  *  »*  . .  .  . . *•  .  »  i 

left;  Wolffian  body  before  tha  *>»t*<bl»fcrn£jit  otihB  TCStlSi  WDuft  tint-  posterior  tUblUC-S 

represented  by  the  ductuli  aberrant  es, 
«»«*  ty  the  paradidymis,  which  w  some 
times  found  in  front  of  the  ap€rfoat«* 
cord  above  the  head  of  the  epididymis 
(Fig.;  1130,  C). 

in  the  tVirudc  the  Wolffian  bodies  and  ducts  atrophy.  The  remains  of  the 
Wolffian  tubules  arc  represented  by  the  epoophoron  or  organ  of  BesenmiUler,  and 
the  paroophuton,  two  small  collect  ions  of  rudimentary  blind  tubules  which  are 


l  The  guoiial  fiaziW. 


Fto.,  U2b  -~br.vM(  hgamVtitiw  aduJt,  doming  epouphnron.  \<p>npj  /wwd' 

trod,  the  upper i tki-t  •  •!  thr  Wolffian  bwty  itfi.urfiu.rft  *.<f  the  uppcfrHOjtT  t/ibe*  ?ati<  uf.u>  furjidtJif  u^pendi  <***..  i.  }itduik> 

.mt  m 'tnh**  >i  Sor?j*.  bywer  »..  Atrophie  d  re-«mVi»*  th-  *A  oiffiAn  d\\*t  /  The.  t*rrnu)%J  MjVtr  3f 

hydatid;  Ay  The  \*4*>  ipffiswty $f  Xuilter,  »,  attach**!  £*>  ft**  txinsmrt*; 


situated  <>i  the  mesosalpinx  (Fig.  1128).  The  lower  pstf  of  die  Wolffian  duct 
disappears,  while  the  Upper  part  persists  as  the  longitudinal  duct  of The  ejKiophorQn 
or  duct  t>f  Gartner1  (Fig.  1130,  R), 

‘  &*u\  Hprt  -  W  tU\  ha^deWihed  WuUfian  *ivu?t*  as  ending  at  the  *ite  of  the  future  liynffen'fB'butirtu*? 

whtdl  U  TiM'  vtytiQ't  xh&WotffiM  hiJbsrjtiYd  stultts  that  tfe*  hymen  n>  farmed- lny'' the**  bull.*.,  bv  *  *£***<*1 

i«vt>lutit/h.fyon  fcH*  i>!  th<? ^ ^d|la . utdtift  tltv  iirogeniul 'sintit#.*'  He  fwrtlier  heWvm  (bat  ” UW  ltw#r  third  «f  th**. 

•fo  ,!iu«  to  \\$k  oi  the,  .jpfK'J  portjon  blit?  urogenital  Mttns  and  the  hivier  ttsitenl  the  VVoifRa-e  duft m*1 

iliut  M  fining, til  the  v^pitja  denyoni  from  the  Wolffian  fntll«. M  He  alxu  Tegawiy  the  WaaiiMfip* 

of  the  btttltxw  fonptrj?*!  f  mrd  ttioTcia  er  pari  of  the  Wolffiao  durts. 
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The  Miillfcri&n  Duets .---Shortly  after  the  Tor  motion,  of  the  Wolffiap  duets  a 
second  p&ir  of  duet#  is  these  are  mimed  the  Mtillerian  ducts,  Each 

arises  m  the  lateral  aspect  of  the  corresponding-  Wolffian  duct  as  a  tubular  inyug- 
ination  of  the  ceils  lining  the  eelom  (Fig.  1126).  The  orifice  of  the  invagination 
remains  patertt,  and  undergo**  enl&rj^roetit  and  nullification  to  form  the  abdiuhk 
jia!  ostium  of  the  uterine  tube.  The  duets  puss  backward  lateral  to  the  Wolffian 
iiuets,  but  toward  the  posterior  end  of  the  embryo  they  cross  to  the  medial  side 
<ff  these  ducts,  and  thus  Colne  to  lie  side  by  side  between  and  behind  the  fatter— 
the  four  ducts  forming  what  is  termed  the  genital  tord  f  Kig,  The'MuilerhuL 

ciuei^  end  in  aiv  epitlierml  elevation*-  the  Mullerian  wuaence,  on  the  VenfTat  part  of 
the  cloaca  bet  ween  the  orifices  of  the  Wolffian 

dm  ?v;  at  »t  later  date  they  open  into  the  cloaca  Maii.ru m  'lari* 

in  this  .situat.ii/iu 

hi  the  male  the  Mulh-rkm  ducts  atrophy, 
hut  mfe*  of  tlieir  anterior  end^  arc  repre- 

ivenfevl  by  the  appendices  testis  {hinluiuU  of  Yh% 

M.or$ap*ih^hi\e  their  ternrirud  fdayd  pcvrtiohs  **Jgj 

form  the  utrieulus  in  the  floor  of  the  prostaitie  W&J 

jxirtion  of- the  urethra  (Fig.  .by. 

J.m  the  female  the  Mijih-nmi  duels  persist  /:  •  V 

am!  imiK-rgo  further  devtdopnicnt .  The  pur-  "  $ 

turns  which  lie  in  The  genital  core  fuse  to  form  .  '  ;.,£?v 

the  uterus  and  ygjglna;  the,  parts  in  front  of  '  ^ 

tin's  cord  remain  separate,  aoti  each  forms  y  v  .  .  r 

the  corresponding  uterine  tub*— Use  ahdmm- 

pal  ostium  <>f  which  is  developed  from  the  r w.  1 1  J’j.  -- 1  rojrt’nitn!  nimitf  ot  ftmtu If  human 

anterior  tMrwity  of  the- original  tubular  in-  ■*  ??.  off 

fusion  of  the  Mulleriau  ducts  begins  m  the  thin! .  month,  and  the  septum  formed 
bx  theirfusedi  medial  walls  disappears  frornhefow  upward,  ami-  cavities 

trf  the  vagina  and  uterus  are  pro/Myed*  About  the  $fch  month  an  annular  ytiri- 
strivrton  mrf&  the  pohition  of  the  n&?k  of  fhe  utetite,  and;  after  theosbeth  month 
the  w  alls  of  the  uterus  begin  to  thicken.  For  a  time  the  vagina  is  represented  by  a 
solid  tod  of  epithelial  cells.  A  riogdike  outgrowth  of  this  epithelium  occurs  at 
tile  fewer  *#$;  fchy  itf$rvi£ .jtiid-  ir^rks  the  future  vagfoml  fttfniW®;  about  the  fifth 
or^Mhxmmh  the  lumen  of  the  vagina  k  produced  by  the  breaking  down  of  the 
centra)  eclk  of  The  hymen  represents  ^ie  mrniiis  of  the  Mullerian 

endnvnee,  , ^  TV/*  /  '  *  .*/;  *■  ■  r 

Genital  Glands.— The  first  appearance  of  the  genital  gllmd  >s  cssemklly  the_ 
Kamo  in  the  two  ^ixe$,  .ntid  consists  in  «  thiekiming  of  the  epithelial  layer  which; 
lines  (he  fitjritorieal.  cavity  *>n  rhe  medial  side  of  the  urogenital  had  (Fig.  I  I2(W, 
The  thick  plate  of  epithelium  extends  dee^Jr,  pushing  ‘before  it  the  nK^oclerm  a.iki 
forming  a  distinct'  projection.  This  is  termed  die  genital  ridge  (  Fig.  1 12by  and  from 
it  the  testis  ‘ 


in  the  male  anil  the  ovary 


m  the  fenhile.  are  deyetapeti  At.  first  the 
mesonephros  and  ge1iitaFri»lge  ate  suspended  Hy  a  common  mesentery,  but  the 
embryo  grows  the  .genital  ridge  gradually  becomes  pinched  off  from  the  mesiK 
nephros^  with  oliith  it  is  at  first  continuous,  tlwugh  it  still  remains  coimected 
the  remnant  of  this  body  by  a  fold  of  |ieritmveam^  yhe  mesorcMam  or  mesorariuro 
(Fig.  llolb  About  the  seventh  week  the  disddethm  of  sex  in  the  genital  ridge 
logins  to  be  pcrecptibic. 

The  Otrary  .—The  ovary  f  flms  funned  from  the  get  rd  a  I  ridge,  is  at  first  a  rna-\s 
of  cells  derived  from  the  celomic  cpitheiium;  later  the  mass  is  differentiaita.l 
into  n  (tntral  part  or  medulla  fF%.  1132)  ^bv^mlby  ix  Surface  jgjeri'the  gercajaal 
epithelium.  Between  the*  cells  of  the  gerndcai  epitbcltimr  a  number  of  larger 
c'elbi  th^  primitive  ova,  ore  foiuidy  ^rid  tliese  are  cin;ned,mlOi  the  snbjaeetti  stroma 
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A 


F ig.  1 130. — Diagrams  to  show  the  develop¬ 
ment  of  male  and  female  generative  organa 
from  a  common  type.  (Allen  Thomson.) 


A. — Diagram  of  the  primitive  urogenital 
organs  in  the  embryo  previous  to  sexual  dis¬ 
tinction.  3.  Ureter.  4.  Urinary  bladder.  5. 
Urachus,  cl.  Cloaca,  cp.  Elevation  which  be¬ 
comes  clitoris  or  penis,  i.  Lower  part  of  the 
intestine,  la.  Fold  of  integument  from  which 
the  labia  majora  or  scrotum  are  formed, 
m,  m.  Right  and  left  MGllerian  ducts  uniting 
together  and  running  with  the  Wolffian  ducts 
in  gc,  the  genital  cord.  ot.  The  genital  ridge 
from  which  either  the  ovary  or  testis  is 
formed,  ug.  Sinus  urogenitalis.  W.  Left 
Wolffian  body,  tr,  to.  Right  and  left  Wolffian 
ducts. 


B. — Diagram  of  the  female  type  of  sexual 
organs.  C.  Greater  vestibular  gland,  and 
immediately  above  it  the  urethra,  cc.  Corpus 
cavern  os  um  clitoridis.  dG.  Remains  of  the 
left  Wolffian  duct,  such  as  give  rise  to  the 
duct  of  Gftrtner.  represented  by  dotted  lines; 
that  of  the  right  side  is  marked  tr.  f.  The 
abdominal  opening  of  the  left  uterine  tube. 
g.  Round  ligament,  corresponding  to  guber- 
naculum.  A.  Situation  of  the  hymen,  i.  Lower 
part  of  the  intestine.  1.  Labium  major,  n. 
Labium  minus,  o.  The  left  ovary,  po.  Epo- 
ophoron.  ac.  Corpus  cavernosum  urethrae,  u. 
Uterus.  The  uterine  tube  of  the  right  side 
is  marked  m.  v.  Vulva,  ta.  Vagina.  IF. 
Scattered  remains  of  Wolffian  tubes  near  it 
(paroophoron  of  Waldeyer). 


C. — Diagram  of  the  male  type  of  sexual 
organs.  C.  Bulbo-urethral  gland  of  one  side. 
cp.  Corpora  cavernosa  penis  cut  short  e. 
Caput  epididymis,  g.  The  gubernaculum. 
i.  Lower  part  of  the  intestine,  m.  MQllerian 
duct,  the  upper  part  of .  which  remains  as 
the  hydatid  of  Morgagni;  the  lower  part, 
represented  by  a  dotted  line  descending  to 
the  prostatic  utricle,  constitutes  the  occa¬ 
sionally  existing  cornu  and  tube  of  the  uterus 
masculinus.  pr.  The  prostate,  a.  Scrotum 
ap .  Corpus  cavernosum  urethrae.  /.  Testis 
in  the  place  of  its  original  formation,  t, 
together  with  the  dotted  lines  above,  indi¬ 
cates  the  direction  in  which  the  testis  and 
epididymis  descend  from  the  abdomen  into 
the  scrotum.  vd.  Ductus  deferens,  r h.  Ductus 
aberrans.  ta.  The  vesicula  seminalis.  IF. 
Scattered  remains  of  the  W olffian  body,  con¬ 
stituting  the  organ  of  Girald&s.  or  the  para¬ 
didymis  of  Waldeyer. 
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by  bod-like  Ingrowth^  (gonital  cords)  of  the  germinal  fynthelitim  (Fig.  Ud3)r 
The  Mirfoee  fipKheiHiiitrfi  ultimately  forms  the  S*emi4rient  epithelial  covering  of  this 
organ;  it  smrb  loses  its  cunneetkm  with  the  central  .  .mass,  and  a  tnnk'a  nibugiWa 
develops  between  them.  The  ova  are  ch 
mass;  these  am  separated  from  one 
another  by  the  growth  of  connective 
•tissue  in  an  irregular  m&nhcr  ;  emh  oVum 
assumes  a  covering  of  connectives  tissue 
(follicle)  c«Jls,  and  in  this  way  the  rudi¬ 
ments  of  the  Ovarian  follicle, v  are  farmed 
(Fig.  1 113).  According  to  Beard  the 
primitive  ova  are  early  set  apart  'during 


vyijfor  t-yt), 

ftoMJa..  .tvjtr  \  ; 


ftftrytfv/K 

<■  >.  ‘i-i-tt-’h  :• 

tv.r*  ififij 


into  the  germinal  ridge. 

W&hieyer  taught  thsd  (Mo  ..pHttiitivfe  germ 
cdls  are  .  denved  fruro  til*?.  ;\gwniiv&l  .epitiie* 
hum covering  the  genital  ridge.  Beard/  on 
the  ©iher  baud*  mai&tams  that,  in  the  .ska!  e  they 
are  n$l  derived  from  this  t-piilveUinri,  but  are 


Vktfti*  tube 


EjioCphofori 


Qtrwuml  cpilhdium 


Medulla 


Mesonephroi 


Pif&  verifamlis 
tubes 


'  Cteriftp.  tuH 

-LoujsKudixjd  yfieWcfa  ot.jjnfc  ombrya  pif  9.4  era  (AiM* 

•  jQurn&l  q(  Anatomy  nud  Pb&pitjtep,  v*d.  38. 


$P  L  AN Cfi  NOLOG  Y 


the  fact.ttet  t.bfetr  cytoplasm  has  jio  tUHfiity  for  stains*  bat./  nfi&ux&es  ;\  biwrxmh  un& 

rilim  tKMod  by  osmie  add.  The-  path  along  wfeHili^y  travel  mid  t  he  embryo  is  a  very  «•  iti 
oft*.  vi?T, '■[  {miij  the  yolk  aae  ufMfj&d  tlio  spliuidmo^leufe  Aod  gut  in  the  hinder  pvrtitw 

of  tho  embryo;*  ’  This  pathway,  named  fey  Beard  the  g*tmiiul  path,  *Me»da  them  direefly  tii  ih 
portion  which  they  ought  finally  to  take  up  n\  the  4  germinal  ridge*  or  to  dux/'  X  ccr^lerme 
number  apparently  never  mivfo  their  prop^  d^Uxmticm.  gemi  cells  art  found  ia 

all  sorts  of  places,  but  more  part  icularly  on  t  he  mesentery  T  Some  of  these-  nv*y  pt^ibly  find 
their  way  into  the  germing  ridge;  some  prob&bJy  undergo  atrophy,  while  others  may  p&v&i 
and  becoure  thereat  of  dermoultoonors. 

(kmtiiipQrif 


Germiml  dfei 
epithelium 

Prlmitn*  0**3, 
CdLntot 


i'ivf  I 133  — &wrti<?y  of  tbo  ovary-  of  a  uswiy  tK»m  tvhiM  (Watdoyer.) 


The  Testis.— The  testis  h  developed  in  much  the  same  way  as  the  bvarv*  Like 
the  ovary,  hi  its  eariwstjsts^es  if  eorisists  bf  a  central  mass  of  e^ithelioiri  tw««i 
%’  & surface  epitheiiiuhi  in  thwevnirri!  muss  a  series  of' corUs  appear  (Fig.  lh>lv 

':.S..'  and  the  periphery  of  thgpiips  hb-*- 

.':yert>?«i  info  ih#iiintc^:^ti(n^iKa.tiiiB 
excluding  the  surface  epithelium  .fiwri 
)w/i ■•;«>, r.i«i  any  part  ip  the  fortuaiKm  of  die 

tissue  uf  the  testis*.  The  e;ii\h  i»? 
cemrtd 

the  future  hikes  and  form  a  net?  ids 
yvhif-h'  nitimateiy  becomes  the  w- 
Fw»iri  the  cords  the  «*»»(«» 
ops  tubules  are  developed, jusk  be¬ 
tween  them  eptioeeti  ys-tissuw 
extend.  The  sefa|iiife«.«is  ittFufe 
become  connected  with  uhtgro^fie 
.fit  jra  .^^yypiffian  body.  #|$fib  4* 
before  motioned,  form  the  eftereci 
duf'th  of  the  testis. 

Dsscaiat  of  the  Testes.— The  to®. 
at  iin  barjy,  peried  of  feta)  life,  an’ 
placed,  at  the  back  part  af  the  &- 
dbmmal  r/4yifj;,  behind  the  fww* 
........  y.,.  _  ., .; ..  ...  neuqp  anil  each  is  attached  lo  i 

peritoneal  fold*  the  mesorchium,  to  Hie  mesonephros.  From  the  from  of  thehfe»> 
jtephros  a  fold  t.f  peritoneum  termed  the  inguinal  fold  grows  forward  to  meet  aid 
fuse  with  a  peritoneal  fold,  the  inguinal  crest,  which  grows  backward  front  tlrf 
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antero-lateral  abdominal  wall.  The  testis  thus  acquires  an  indirect  connection 
with  the  anterior  abdominal  wall;  and  at  the  same  time  a  portion  of  the  peri¬ 
toneal  cavity  lateral  to  these  fused  folds  is  marked  off  as  the  future  saccus  vagi¬ 
nalis.  In  the  inguinal  crest  a  peculiar  structure,  the  gubernaculum  testis,  makes 
its  appearance.  This  is  at  first  a  slender  band,  extending  from  that  part  of  the 
skin  of  the  groin  which  afterward  forms  the  scrotum  through  the  inguinal 
canal  to  the  body  and  epididymis  of  the  testis.  As  development  advances,  the 
peritoneum  enclosing  the  gubernaculum  forms  two  folds,  one  above  the  testis 
and  the  other  below  it.  The  one  above  the  testis  is  the  plica  vascularis,  and  con¬ 
tains  ultimately  the  internal  spermatic  vessels;  the  one  below,  the  plica  guber- 
natrix,  contains  the  lower  part  of  the  gubernaculum,  which  has  now  grown  into 
a  thick  cord;  it  ends  below  at  the  abdominal  inguinal  ring  in  a  tube  of  peritoneum, 
the  saccus  vaginalis,  wrhich  protrudes  itself  down  the  inguinal  canal.  By  the  fifth 
month  the  lower  part  of  the  gubernaculum  has  become  a  thick  cord,  while  the 
upper  part  has  disappeared.  The  lower  part  now  consists  of  a  central  core  of 
unstriped  muscle  fiber,  and  outside  this  of  a  firm  layer  of  striped  elements,  con¬ 
nected,  behind  the  peritoneum,  with  the  abdominal  wall.  As  the  scrotum  develops, 
the  main  portion  of  the  lower  end  of  the  gubernaculum  is  carried,  with  the  skin 
to  which  it  is  attached,  to  the  bottom  of  this  pouch;  other  bands  are  carried  to 
the  medial  side  of  the  thigh  and  to  the  perineum.  The  tube  of  peritoneum  con¬ 
stituting  the  saccus  vaginalis  projects  itself  downward  into  the  inguinal  canal, 
and  emerges  at  the  cutaneous  inguinal  ring,  pushing  before  it  a  part  of  the  Obliquus. 
internus  and  the  aponeurosis  of  the  Obliquus  externus,  which  form  respectively 
the  Cremaster  muscle  and  the  intercrural  fascia.  It  forms  a  gradually  elongating 
pouch,  which  eventually  reaches  the  bottom  of  the  scrotum,  and  behind  this  pouch 
the  testis  is  drawn  by  the  growth  of  the  body  of  the  fetus,  for  the  gubernaculum 
does  not  grow  commensurately  with  the  growth  of  other  parts,  and  therefore 
the  testis,  being  attached  by  the  gubernaculum  to  the  bottom  of  the  scrotum, 
is  prevented  from  rising  as  the  body  grows,  and  is  drawn  first  into  the  inguinal 
canal  and  eventually  into  the  scrotum.  It  seems  certain  also  that  the  guber- 
nacular  cord  becomes  shortened  as  development  proceeds,  and  this  assists  in  caus¬ 
ing  the  testis  to  reach  the  bottom  of  the  scrotum.  By  the  end  of  the  eighth  month 
the  testis  has  reached  the  scrotum,  preceded  by  the  saccus  vaginalis,  wrhich  com¬ 
municates  by  its  upper  extremity  with  the  peritoneal  cavity.  Just  before  birth 
the  upper  part  of  the  saccus  vaginalis  usually  becomes  closed,  and  this  obliteration 
extends  gradually  downward  to  within  a  short  distance  of  the  testis.  The  process 
of  peritoneum  surrounding  the  testis  is  now  entirely  cut  off  from  the  general  peri¬ 
toneal  cavity  and  constitutes  the  tunica  vaginalis. 

Descent  of  the  Ovaries. — In  the  female  there  is  also  a  gubernaculum,  which 
effects  a  considerable  change  in  the  position  of  the  ovary,  though  not  so  extensive 
a  change  as  in  that  of  the  testis.  The  gubernaculum  in  the  female  lies  in  contact 
with  the  fundus  of  the  uterus  and  contracts  adhesions  to  this  organ,  and  thus 
the  ovary  is  prevented  from  descending  below  this  level.  The  part  of  the  guber¬ 
naculum  between  the  ovary  and  the  uterus  becomes  ultimately  the  proper  ligament 
of  the  ovary,  while  the  part  between  the  uterus  and  the  labium  majus  forms  the 
round  ligament  of  the  uterus.  A  pouch  of  peritoneum  analogous  to  the  saccus 
vaginalis  in  the  male  accompanies  it  along  the  inguinal  canal :  it  is  called  the  canal 
of  Nuck.  In  rare  cases  the  gubernaculum  may  fail  to  contract  adhesions  to  the 
uterus,  and  then  the  ovary  descends  through  the  inguinal  canal  into  the  labium 
majus,  and  under  these  circumstances  its  position  resembles  that  of  the  testis. 

The  Metanephros  and  the  Permanent  Kidney. — The  rudiments  of  the  perma¬ 
nent  kidneys  make  their  appearance  about  the  end  of  the  first  or  the  beginning 
of  the  second  month.  Each  kidney  has  a  two-fold  origin,  part  arising  from  the 
metanephros,  and  part  as  a  diverticulum  from  the  hind-end  of  the  Wolffian  duct. 
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close  to  where  the  latter  opens  into  the  cloaca  (Figs.  1135, 1136).  The  metanephros 
arises  in  the  intermediate  cell  mass,  caudal  to  the  mesonephros,  which  it  resembles 
in  structure.  The  diverticulum  from  the  Wolffian  duct  grows  dorsalward  and 
forward  along  the  posterior  abdominal  wall,  where  its  blind  extremity  expands 
and  subsequently  divides  into  several  buds*  which  form  the  rudiments  of  the 
pelvis  and  calyces  of  the  kidney;  by  continued  growth  and  subdivision  it  gives 
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Fig  1 138. — Tail  end  erf  human  embryo  thirlv-two 
to  thirty-three  days  old.  (From  model  by  KeibelJ 


Fio.  1135.— Tail  end  of  human  embryo  twenty  - 
five  to  twenty-nine  days  old.  (From  mode!  by  Keibel. ) 


rise  to  the  collecting  tubules  of  the  kidney.  The  proximal  portion  of  the  diver¬ 
ticulum  becomes  the  ureter.  The  secretory  tubules  are  developed  from  the 
metanephros,  which  is  moulded  over  the  grow  ing  end  of  the  diverticulum  from  the 
Wolffian  duct.  The  tubules  of  the  metanephros,  unlike  those  of  the  pronephros 
and  mesonephros,  do  not  open  into  the  Wolffian  duct.  One  end  expands  to  form 
a  glomerulus,  while  the  rest  of  the  tubule  rapidly  elongates  to  form  the  convoluted 
and  straight  tubules,  the  loops  of  Henle,  and  the  connecting  tubules;  these  last 

join  and  establish  communications 
with  the  collecting  tubules  derived 
from  the  ultimate  ramifications  of  the 
diverticulum  from  the  Wolffian  duct. 
The  mesoderm  around  the  tubules  be¬ 
comes  condensed  to  form  the  connec¬ 
tive  tissue  of  the  kidnev 
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opens  at  first  into  the  hind-end  of  the 
Wolffian  duct;  after  the  sixth  week  it 
separates  from  the  Wolffian  duct,  and 
opens  independently  into  the  part  of 
the  cloaca  which  ultimately  becomes 
the  bladder  (Figs.  1137,  1138). 

The  secretory  tubules  of  the  kid¬ 
ney  become  arranged  into  pyramidal 
masses  or  lobules,  and  the  tabulated 
condition  of  the  kidneys  exists  for 
some  time  after  birth,  while  traces  of 
it  may  be  found  even  in  the  adult.  The  kidney  of  the  ox  and  many  other  animals 
remains  tabulated  throughout  life. 

The  Urinary  Bladder.-— The  bladder  is  formed  partly  from  the  entodermal 
cloaca  and  partly  from  the  ends  of  the  Wolffian  ducts;  the  allantois  takes  no  share 
in  its  formation.  After  the  separation  of  the  rectum  from  the  dorsal  part  of  the 
cloaca  (p,  1118),  the  ventral  part  becomes  subdivided  into  three  portions:  (1)  an 
anterior  vesico-urethral  portion,  continuous  with  the  allantois — into  this  portion  the 
Wolffian  ducts  open;  (2)  an  intermediate  narrow  channel,  the  pelvic  portion;  and 
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Fio.  1 1 37. —Tail  end  of  human  embryo:  from  eight  and  a 
haji  to.  nine  weeks  old,  (From  model  by  Keibeh) 
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(3)  &  posterior  phallic  portion)  dosed  externally  by  tils'  urogenital  membrane  (.Hg. 
1 1518?..  The-  smm'd  aad  third  parts  together  e-.msti.tute  the  urogeoital  siiiasv  e'pie 
vesik-o-urethral  portion  absorbs  the  ends  of  the  Wolffku  duets 
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Ftc*  1 13S. — Frimititfc  kidney  aud  bladder.  a.  4*cooauvciicftk  (After  Sokr*itKtr) 

ends  of  the  renal  diverticula,  and  these  give  rise  to  the  trigone  uF  the.  bladder  and 
part  of  the  prostatie  urethra:  Tfrg  reip^tjd4r  of  tpe  vesb^urgt.hral  portion  forms 
the  bfrffcy  of  the  bladder  and  part  of  the  prosiafic  urethra ;  its. apex  is; .prolonged  to 
the  umbilicus  as  a  narrow  eanai,  tv hieh 

later  is  obliterated  and  becomes  the  medial  i#A»  '  Umm 

umbilical  ligament  (urachus).  M.-'y.oy.- '  '  :  'i 

The  Prostate.  -TIki  pr.)st;.?e  origin, iliy 

of  which  arises  fts  a  series  of  divert wuhtr  /  ^  '  JBHEm 

buds  from  the  epithelial  lining  of  the  uro*  m$mk 

genital  sums  and  vesieo-urethral  part  of 

the  cloaca,  "between  the  third  and  fourth  J^ppaj^is 

months.  *$lgse buds  beepmp  tubi4ar.?u‘f 

form  tlie  glandular  subs  hors.-  of  i  '<>■:■  two  fix, c'c&'i vlhfv  ;  ■..'  Zj$fe 

lobes,  which  ultimately  meet  and  iusc  he-  yf'-'  '  ■'$M-  *•£$$'’.'  ■  W'4 

bind  the  urethra  and  also  extend  on  to  its  i  .-Ms?:* 

ventral  a-peet.  Tie-  isthmus  or  middle  %%.;  v "  /•;1* 

k.be  is  formed  as  an  extension  of  the  lateral 
lobes  between  the  common  ejaculatory 
dtidt^  ajid  the.  bladder.  Skene’s  ducts  in 
the  female  urethra  an:  regarded  as  the 
hoinplogues  of  the  prostatje  glands. 

The  bnJiKMiretbral  glands  of  Cowpar  in 
the  inalr.  ar«l  greater  vestibular  glands 
of  Bartholin  iri  the  female,  also  arise  as  dit 
urogenital  sinus. 

The  External  Organa  of  Generation  (Fig.-lMOi.--As  already  stated  (page  ity$:l-t, 
the  rtoaval  membrane,  composed  of  v.-t. rs u  and  eritoflcrm,  originally  remlte*  from 
the  umbilicus  to  the  fail.  The  mesoderm  extends  to  the  midverttr.-if  ihW  for  spine 
4 'stance  behind  the  umbilicus,  and  forms  the  lower  part  of  the  abth.iuitw)  wall.; 
it  >-u.!- 1-(  !-'VV  iu  a  prominent  sw  elling,  the cloacal  toberels.  Behind  this  tnberi-h:  the 
urogenital  part- of  the  dotical  mciabraju-nepar&tes  tto-3-  mgron-mg  sheers  of  uK-soderm. 
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The  first  rudiment  of  the  penis  (or  clitoris)  is  a  structure  termed  the  phallus;  it 
is  derived  from  the  phallic  portion  of  the  cloaca  which  has  extended  on  to  the 
end  and  sides  of  the  under  surface  of  the  rloaeal  tubercle.  The  terminal  part  of 
the  phallus  representing  the  future  glans  becomes  solid;  the  remainder,  which 
is  hollow,  is  converted  into  a  longitudinal  groove  by  the  absorption  of  the 
urogenital  membrane. 
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.JSUikbh  in  the  development  of  the  external  organs  in  the  male  and  female.  <r»rs*m  Onto  the 

Eeker^Ziefcler  models.) 


In  tlie  female  a  deep  groove  forms  around  the  phallus  and  separates  it  from  the 
rest  of  the  doaeal  tubercle,  which  is  now  termed  the  genital  tubercle.  The  sides  <>f 
the  genital  tubercle  grow  backward  as  the  genital  swellings,  which  ultimately  form 
the  labia  majora;  the  tubercle  itself  becomes  the  mods  pubis.  The  labia  minors 
arise  by  the  continued  growth  of  the  lips  of  the  groove  on  the  under  surface  of  the 
phallus;  the  remainder  of  the  phallus  forms  the  clitoris. 

In  the  male  the  early  changes  are  similar,  but  the  pelvic  portion  of  the  cloaca 
undergoes  much  greater  development,  pushing  before  it  the  phallic  portion.  The 
genital  swellings  extend  around  between  the  pelvic  portion  and  the  anus,  and  form  a 
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scrotal  area;  during  the  changes  associated  with  the  descent  of  the  testes  this  area 
is  drawn  out  to  form  the  scrotal  sacs.  The  penis  is  developed  from  the  phallus. 
As  in  the  female,  the  urogenital  membrane  undergoes  absorption,  forming  a  channel 
on  the  under  surface  of  the  phallus;  this  channel  extends  only  as  far  forward  as  the 
corona  glandis. 

The  corpora  cavernosa  of  the  penis  (or  clitoris)  and  of  the  urethra  arise  from  the 
mesodermal  tissue  in  the  phallus;  they  are  at  first  dense  structures,  but  later 
vascular  spaces  appear  in  them,  and  they  gradually  become  cavernous. 

The  prepuce  in  both  sexes  is  formed  by  the  growth  of  a  solid  plate  of  ectoderm 
into  the  superficial  part  of  the  phallus;  on  coronal  section  this  plate  presents  the 
shape  of  a  horseshoe.  By  the  breaking  dowm  of  its  more  centrally  situated  cells 
the  plate  is  split  into  two  lamellae,  and  a  cutaneous  fold,  the  prepuce,  is  liberated 
and  forms  a  hood  over  the  glans.  “  Adherent  prepuce  is  not  an  adhesion  really, 
but  a  hindered  central  desquamation”  (Berry  Hart,  op.  cit.). 

The  Urethra. — As  already  described,  in  both  sexes  the  phallic  portion  of  the 
cloaca  extends  on  to  the  under  surface  of  the  cloacal  tubercle  as  far  forward  as  the 
apex.  At  the  apex  the  walls  of  the  phallic  portion  come  together  and  fuse,  the 
lumen  is  obliterated,  and  a  solid  plate,  the  urethral  plate,  is  formed.  The  remainder 
of  the  phallic  portion  is  for  a  time  tubular,  and  then,  by  the  absorption  of  the 
urogenital  membrane,  it  establishes  a  communication  with  the  exterior;  this  open¬ 
ing  is  the  primitive  urogenital  ostium,  and  it  extends  forward  to  the  corona  glandis. 

In  the  female  this  condition  is  largely  retained;  the  portion  of  the  groove  on  the 
clitoris  broadens  out  while  the  body  of  the  clitoris  enlarges,  and  thus  the  adult 
urethral  opening  is  situated  behind  the  base  of  the  clitoris. 

In  the  rnale,  by  the  greater  growth  of  the  pelvic  portion  of  the  cloaca  a  longer 
urethra  is  formed,  and  the  primitive  ostium  is  carried  forward  with  the  phallus, 
but  it  still  ends  at  the  corona  glandis.  Later  it  closes  from  behind  forward.  Mean¬ 
while  the  urethral  plate  of  the  glans  breaks  down  centrally  to  form  a  median 
groove  continuous  with  the  primitive  ostium.  This  groove  also  closes  from  behind 
forward,  so  that  the  external  urethral  opening  is  shifted  forward  to  the  end  of 
the  glans. 

THE  URINARY  ORGANS. 

The  urinary  organs  comprise  the  kidneys,  which  secrete  the  urine,  the  ureters, 
or  ducts,  which  convey  urine  to  the  urinary  bladder,  where  it  is  for  a  time  retained; 
and  the  urethra,  through  which  it  is  discharged  from  the  body. 

The  Kidneys  (Renes). 

The  kidneys  are  situated  in  the  posterior  part  of  the  abdomen,  one  on  either  side 
of  the  vertebral  column,  behind  the  peritoneum,  and  surrounded  by  a  mass  of  fat 
and  loose  areolar  tissue.  Their  upper  extremities  are  on  a  level  with  the  upper 
border  of  the  twelfth  thoracic  vertebra,  their  lower  extremities  on  a  level  with  the 
third  lumbar.  The  right  kidney  is  usually  slightly  lower  than  the  left,  probably 
on  account  of  the  vicinity  of  the  liver.  The  long  axis  of  each  kidney  is  directed 
downward  and  lateralward;  the  transverse  axis  backward  and  lateralward. 

Each  kidney  is  about  11.25  cm.  in  length,  5  to  7.5  cm.  in  breadth,  and  rather 
more  than  2.5  cm.  in  thickness.  The  left  is  somewhat  longer,  and  narrower,  than 
the  right.  The  weight  of  the  kidney  in  the  adult  male  varies  from  125  to  170  gm., 
in  the  adult  female  from  115  to  155  gm.  The  combined  weight  of  the  two 
kidneys  in  proportion  to  that  of  the  body  is  about  1  to  240. 

The  kidney  has  a  characteristic  form,  and  presents  for  examination  two  surfaces, 
two  borders,  and  an  upper  and  lower  extremity. 

Relations. — The  anterior  surface  (facies  anterior)  (Figs.  1141  and  1143)  of  each 
kidney  is  convex,  and  looks  forward  and  lateralward.  Its  relations  to  adjacent  vis¬ 
cera  differ  so  completely  on  the  two  sides  that  separate  descriptions  are  necessary. 
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Anterior  Surface  of  Right  Kidney. — A  narrow  portion  at  the  upper  extremity  is  in 
relation  with  the  right  suprarenal  gland.  A  large  area  just  below  this  and  involv¬ 
ing  about  three-fourths  of  the  surface,  lies  in  the  renal  impression  on  the  inferior 
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-The  relations  of  the  viscvra  and  l»*r«e  vessels  of  the  ubdornen.  (Seen  front  behind,  the  last  thoracic 
vertebra  heiQ£  v.e!)  ruined.) 


surface  of  the  liver,  and  ft  narrow  but  somewhat  variable  area  near  the  medial 
border  is  in  contact  with  the  descending  part  of  the  duodenum.  The  lower  part  of 
the  anterior  surface  is  in  contact  laterally  with  the  right  colic  flexure,  and  medially. 
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lumborum,  and  the  tendon  of  the  Transversus  abdominis,  the  subcostal,  and  rrne 
or  two  of  the  upper  lumbar  arteries,  and  the  last  thoracic,  iliohypogastric,  and 
ilioinguinal  nerves.  The  right  kidney  rests  upon  the  twelfth  rib,  the  left  usually 
on  the  eleventh  and  twelfth.  The  diaphragm  separates  the  kidney  from  the 
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Fig.  1143. — The  anterior  surfaces  of  the  kidneys,  showing  the  areas  of  contact  of  neighboring  vtaenra- 


pleura,  which  dips  down  to  form  the  phrenicocostal  sinus,  but  frequently  the 
muscular  fibers  of  the  diaphragm  are  defective  or  absent  over  a  triangular  area 
immediately  above  the  lateral  lumbocostal  arch,  and  when  this  is  the  case  the 
perinephric  areolar  tissue  is  in  contact  with  the  diaphragmatic  pleura. 
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Fir;  1144 — TUa  posterior  .sort arcs  of  the  kidneys,  showing  areas  of  relation  to  the  panew* 


Borders.— The  lateral  border  ( rnargo  lateralis;  external  border)  is  convex,  and  is 
directed  toward  the  postero-lateral  wall  of  the  abdomen.  On  the  left  side  it  ism 
contact  at  its  upper  part,  with  the  spleen. 
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The  medial  border  ( margn  medialin;  internal  border)  is  concave  in  the  center  and 
convex  toward  either  extremity;  it  is  directed  forward  and  a  little  downward. 


Fig.  1 145  — The  relation*  uf  the  kidney#  from  behind. 


Its  central  part  presents  a  deep  longitudinal  fissure,  bounded  by  prominent  over¬ 
hanging  anterior  and  posterior  lips.  This  fissure  is  named  the  hilum,  and  transmits 
the  vessels,  nerves,  and  ureter. 

Above  the  hilum  the  medial 
border  is  in  relation  with  the 
suprarenal  gland ;  below  the  hilum, 
with  the  ureter. 

Extremities.— The  superior  ex¬ 
tremity  (rxfmnitas  superior)  is 
thick  and  rounded,  and  is  nearer 
the  median  line  than  the  lower  ;  it 
is  surmounted  by  the  suprarenal 
gland,  which  covers  also  a  small 
portion  of  the  anterior  surface. 

The  inferior  extremity  (extrem- 
itas  inferior)  is  smaller  and  thin¬ 
ner  than  the  superior  and  farther 
from  the  median  line.  It  extends 
to  within  5  cm.  of  the  iliac  crest. 

The  relative  position  of  the 
main  structures  in  the  hilum  is  as 
follows:  the  vein  is  in  front,  the 
artery  in  the  middle,  and  the 
ureter  behind  and  directed  down¬ 
ward.  Frequently,  however, 
branches  of  both  artery  and 
vein  are  placed  behind  the  ureter. 
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Flu.  -Stunt  tai  section  through  posterior  abdominal  wail, 

showing  the  rt-iatiotm  of  the  capsule  of  the  kidney.  (After  Gerot a). 
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Fixation  of  the  Kidney  (Figs,  1146,  1 147),— The  kidney  and  its  vessels  are  in)  * 
bedded  hi  a  mass  of  fatty  tissue,  termed  the  adiposn  capsule,  which  is  thickest  at 
the  margins  of  the  kidney  and  is  prolonged  through  the  hihim  into  the  renal  sinus  . 
The  kidney  and  the  adipose  eapsule  are  endowed  in  &  sheath  of  fibrous 
tiruious  with  the  subperitoneal  fascia,  and  named  the  rsnaJ  fascia.  At  the  lateral 
border  of  the  kidney  the  renal  fascia  split?  into  an  anterior  and  a  posterior  layer. 
The  anterior  layer  is  carried  mediaiward  in  front  of  the  kkfuey  and  its  vessels, 
and  is  continuous  over  the  aorta  with  the  Corresponding  layer  of  the  opposite 
aide.  The  posterior  layer  extends  mcdiaKvurd  t^hind^he  kidney  a  rad  blends-  with 
the  fascia  on  the  Quadratics  lumhorum  and  Psoas  major,  and  through  this  fascia 
is  attached  to  The  vertebral  eolimm.  Above  the  suprarenal  gland,  the  two  layers 
of  the  renal  fascia  fuse,  and  unite  with  the  fascia  of  the  vlifphragm ;  below  they 
remain  separate,  and  are  gradually  lust  in  the  subperitoncat  fascia  of  the  iliac 
fossa,  The  renal  fascia  \s  connected  to  the  fibrous  tunic  of  the  kidney  by  numerous 
trabecula^  which  unvvrm  the  adipose  capsule.,  and  are  strongest  near  the  lower 
end  of  the  organ.  Behind  the  fascia  renalis  is  a  considerable  ipmntlty  of  fat,  which 
constitutes  the  par aaepliric  body  The  kidney  is  held  in  position  partly  through 
the  attachment  of  the  renal  fascia  and  partly  by  the  apposition  of  the  neighboring 
viscera - 


JttOfW  of 

/  refuil  /<?«£;« 

Vwiyifciw' 
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finer OtftinaUt 

-Traiervcn*  .smtion,  *ba«ria«  th«  relAtJoa?  ol  tiu*  csspaute  oTlhe  kuiaey 


(After  GterdtfcA 


Structuro  of  the  •  Kidney,— The  hid  ney  ’.is ."  in  vested  by  a  fibrous  tunic* 
which  forms  h  firm,  smooth  covering;  to  the  organ.  The  tunic  can  be  cadly  >vri} | vh 
oil*,  but  k\  doing  so  numerous  fine  processes  of  connective  tissue  and  small  hloodye^foU 
arc  tori  if  through.  Beneath  this  cofiT/a.  thin,  Widfvnieshed  network  of  unM'ripef? 
muscular  fi lor  forms  an  . iifroniplcU-  *  u  erihj?  to  the  organ.  When. the  ■*ap>u)e  is 
atripjjed  oil;  the  surface  'Of.  the  kidney  is  found  to  be  smooth  and-  even' and  <•*  mJoi* 
red  color'.  In  infants  Inures -extending  for  sorm*  depth  umy  he  smi  on  tin?  orhuo 
of  the  organ,  r  rcmfonT  of  the  lobular  Construction  of  the  gland-  The  kc'fo-v  Is 
define  in  fvNt.urc.  but  is  v*nsi)y  fuooniUie  by  mishanical  for<v.  If  a  vertfcsd  Sferai«*a 
,A?  tfwbkid><#'-k  made. from  its :.ctfuve.\  to  Its  concave  border,  it  wifi; 
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hilum  expands  into  a  central  cavity,  the  renal  sinus,  this  contains  the  upper  parr,  of 
the,  renal  pelvis  and  ea{jfv»,  sftmvufticM  h>'  sum*'  fftt  in  which  are  imbedded  the 
brinefe.  of  the  renal'  v^is'an«inm^.  ,l^^;re|j'4:-ain.os  is  Jinetl-  by  a  prolongation 
of  the  fibrous  tuple,  whkh  is  continued  etouhd  the  lifts  of  the  hiluln-  TIk;,  raaai 
calyces,  from  seven  to  thirteen  in  mitnlrtir,  are  dtp-shaped  tubes,  each  of  winch 
.embraces,  one  or  more  of  the  renal  papillae;  they  unite  to  form  two  trr  tlurye  shprt 
tubes,  and  these  in  turn  join  to  form  a  fuimd-sha.[H>d  sat  ,  the  renal  pelvis.  The 
n-ou)  pelvis,  wide  above  and  narrow  below  where  it  joins  the  ureter,  is  partly  oaf- 
side  the  renal  sinus.  The  re i ml  calyces  and  pelvis  form  the  upper  expanded  end  of 
the.  excretory  duet  of  the  kidney. 

The  k  id  net  &  composed  of  an  in  ternal  mednllary  and  an  external  cortical  sabstancO, 

Themoduilaiy  substance  {.rubstanlia  consists 'of  a  series  of  red-colored 

striated  conical  masses,  termed  the  rea&i  pyramids,  the  bases  of  which  are  directed 
toward  the  circumference  of  the  kidney,  while  their  apices  converge  toward  the 
renal  sinus,  where  they  form  prominent  papilla*  projecting  into  the  interior  of  the 
calyces. 

,  4  •  I  ■ /,  .»’»  v.\  —  wfotrMiVt- 

.vK-y/ 


JtUu'M 


■  *v.  .../e r,:... 

.4%»*  «  Sidney*-. 

The  cortiC*rKub8taa<te  (/iubHantia  (vriiralia)  .is  reddish  brown  in  color  and  soft  and 
gr-'oul&r  its  consistence,  ft  lies  iimvadiately  beneath  the  fibrous  tunic,  arches  over 
the  bases  of;  the  .pyramids,,  and  -dips  in  between  adjacent  pyramids  toward  the  renal 
sinus.  The  )«*rts  'imping  ift  Ibe&kegri  are  named  the  renal  columns 

(Bertird  '.  while  the  portions  which  connect  the  renal  columns  to  each  other  -and 
intervene  jbetwe^h  tW.  boars  of  the  pyramids  and  the  fthtUustniUc  arc  culled  the 
cortical  arch*®  trlSf*  'liASf.  If  the  cortex  be  exa  whined  with'  a  lefts,  it  will  be  seen  to 
consist  of  a  Seeks*  of  lighter-colored,  Confcal  areas,  tertwd  the  radiate  part,  and  a 
darker  colored  intervening  substance,  which' front  the  .complexity  of  its  structure  is 
named  tbtyamvoluted  part.  The  rays  gradually  taper  tow&hl  the  dreuiuferemx? 
of  the  kidney,  and  consist  of  a  series  of  outward  prokcsgatious  from  tin-  base  of 
fiic-h  renal  pyramid. 

Minute  Anatom;. — Tin  renal  tubules  *  t  ip  iOH*,.  of  which  tlm  ki.ltm  is  for  the  m<.«*  pun 
Diadf  up,  cuiiunkmif.fn  the  *xirti't»l  wibslaifro,  aiid  after  purinuncw  vetvyeireiitfe.n.s  oourse  through 
the  cortical  oud  medullary  HUbslaueos,  finull.v  s»ttii  at.  iW  aploi'*  of  die  i«>utd  fiyraiiiKt^  fry  open 
sooutht,  su  d>at  the  thud  which  they  contain  is  emptied,  through  the  .calyces,  rnio  the  pelvi- 
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the  kidney.  If  the  surface  of  one  of  the  papilla;  be  examined  with  a  lens,  it  will  lx*  seen  to  be 
studded  over  with  minute  openings,  the  orifices  of  the  renal  tubules,  from  sixteen  to  twenty 
in  number,  and  if  pressure  be  made  on  a  fresh  kidney,  urine  will  be  seen  to  exude  from  the* 
orifices.  The  tubules  commence  in  the  convoluted  part  and  renal  columns  as  the  renal  cor¬ 
al  convoluted  Inhale 
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Fig.  1140. — Scheme  of  renal  tubulo  and  its  vmouUt  supply. 

puscles,  which  are  small  rounded  masses  of  a  deep  red  color,  varying  in  size,  but  of  an  avyme 
of  about  0.2  mm.  in  diameter.  Each  of  these  Little  bodies  is  composed  of  two  parts:  a  o*nirsd 
glomerulus  of  vessels,  and  a  membranous  envelope,  the  glomerular  capsule  (capsule  of  Bovw&h 
which  is  the  small  pouch-like  commencement  of  a  renal  tubule. 


Fig.  1150. — Distribution  of  bloodvessels  in  cortex  of  kidney.  Fig.  1151. — Glomerulus. 

The  glomerulus  is  a  tabulated  net-work  of  convoluted  capillary  blood  vessels,  jfeld  together 
by  scanty  connective  tissue.  This  capillary  net-work  is  derived  from  a  small  arterial 
the  afferent  eessel,  which  enters  the  capsule,  generally  at  a  point  opposite  to  that  at  whidi 
the  latter  is  connected  with  the  lubiile;  and  the  resulting  vein,  the  efferent  vaud,  m&p* 
from  the  capsule  at  the  same  point.  The  afferent  vessel  is  usually  the  larger  of  the 
(Fig.  1150).  The  Malpighian  or  Bowman's  capsule,  which  surrounds  the  glomerulus,  wb* 


THE  KIDNEYS 


1233 


sists  of  a  basement  membrane,  lined  on  its  inner  surface  by  a  layer  of  flattened  epithelial  cells, 
which  are  reflected  from  the  lining  membrane  on  to  the  glomerulus,  at  the  point  of  entrance  or 
exit  of  the  afferent  and  efferent  vessels.  The  whole  surface  of  the  glomerulus  is  covered  with  a 
continuous  layer  of  the  same  cells,  on  a  delicate  supporting  membrane  (Fig.  1151).  Thus  between 
the  glomerulus  and  the  capsule  a  space  is  left,  forming  a  cavity  lined  by  a  continuous  layer  of 
squamous  cells;  this  cavity  varies  in  size  according  to  the  state  of  secretion  and  the  amount  of 
fluid  present  in  it.  In  the  fetus  and  young  subject  the  lining  epithelial  cells  are  polyhedral  or  even 
columnar. 

The  renal  tubules,  commencing  in  the  renal  corpuscles,  present,  during  their  course,  many 
changes  in  shape  and  direction,  and  are  contained  partly  in  the  medullary  and  partly  in  the 
cortical  substance.  At  their  junction  with  the  glomerular  capsule  they  exhibit  a  somewhat 
constricted  portion,  which  is  termed  the  neck.  Beyond  this  the  tubule  becomes  convoluted, 
and  pursues  a  considerable  course  in  the  cortical  substance  constituting  the  proximal  convoluted 
tube.  After  a  time  the  convolutions  disappear,  and  the  tube  approaches  the  medullary  sub¬ 
stance  in  a  more  or  less  spiral  manner;  this  section  of  the  tubule  has  been  called  the  spiral  tube. 
Throughout  this  portion  of  their  course  the  renal  tubules  are  contained  entirely  in  the  cortical 
substance,  and  present  a  fairly  uniform  caliber.  They  now  enter  the  medullary  substance, 
suddenly  become  much  smaller,  quite  straight  in  direction,  and  dip  down  for  a  variable  depth 
into  the  pyramids,  constituting  the  descending  limb  of  Henle’s  loop.  Bending  on  themselves, 
they  form  what  is  termed  the  loop  of  Henle,  and  reascending,  they  become  suddenly  enlarged, 
forming  the  ascending  limb  of  Henle’s  loop,  and  reenter  the  cortical  substance.  This  portion 
of  the  tubule  ascends  for  a  short  distance,  when  it  again  becomes  dilated,  irregular,  and  angular. 
This  section  is  termed  the  zigzag  tubule;  it  ends  in  a  convoluted  tube,  which  resembles  the 
proximal  convoluted  tubule,  and  is  called  the  distal  convoluted  tubule.  This  again  terminates 
in  a  narrow  junctional  tube,  which  enters  the  straight  or  collecting  tube.  . 

The  straight  or  collecting  tubes  commence  in  the  radiate  part  of  the  cortex,  where  they  receive 
the  curved  ends  of  the  distal  convoluted  tubules.  They  unite  at  short  intervals  with  one  another, 
the  resulting  tubes  presenting  a  considerable  increase  in  caliber,  so  that  a  series  of  comparatively 
large  tubes  passes  from  the  bases  of  the  rays  into  the  renal  pyramids.  In  the  medulla  the  tubes 
of  each  pyramid  converge  to  join  a  central  tube  (duct  of  Bellini)  which  finally  opens  on  the  summit 
of  one  of  the  papillae;  the  contents  of  the  tube  are  therefore  discharged  into  one  of  the  calyces. 

Structure  of  the  Renal  Tubules . — The  renal  tubules  consist  of  a  basement  membrane  lined  with 
epithelium.  The  epithelium  varies  considerably  in  different  sections  of  the  tubule.  In  the  neck 
the  epithelium  is  continuous  with  that  lining  the  glomerular  capsule,  and  like  it  consists  of 
flattened  cells  each  containing  an  oval  nucleus  (Fig.  1153).  The  two  convoluted  tubules,  the 
spiral  and  zigzag  tubules  and  the  ascending  limb  of  Henle’s  loop,  are  lined  by  a  type  of  epithelium 
which  is  histologically  the  same  in  all.  The  cells  are  somewhat  columnar  in  shape  and  dovetail 
into  one  another  of  their  lateral  aspect.  Each  has  a  striated  border  next  the  lumen  of  the  tube, 
its  inner  part  is  granular  and  its  outer  portion  vertically  striated.  The  nucleus  is  spherical  and 
situated  about  the  center  of  the  cell.  In  the  descend¬ 


ing  limb  of  Henle’s  loop  the  epithelium  resembles  that 
found  in  the  glomerular  capsule  and  the  commence¬ 
ment  of  the  tube,  consisting  of  flat,  clear  epithelial 
plates,  each  with  an  oval  nucleus  (Fig.  1152).  The 
nuclei  alternate  on  opposite  surfaces  of  the  tubule  so 
that  the  lumen  remains  fairly  constant. 

In  the  straight  tube  the  epithelium  is  clear  and 
cubical:  in  its  papillary  portion  the  cells  are  distinctly 
columnar  and  transparent  (Fig.  1153). 

The  Renal  Bloodvessels. — The  kidney  is  plentifully 
supplied  with  blood  (Fig.  1154)  by  the  renal  artery,  a 
large  branch  of  the  abdominal  aorta.  Before  it  enters 
the  kidney,  each  artery  divides  into  four  or  five 
branches  which  at  the  hilum  lie  mainly  between  the 
renal  vein  and  ureter,  the  vein  being  in  front,  the 
ureter  behind;  one  branch  usually  lies  behind  the 
ureter.  Each  vessel  gives  off  some  small  branches  to 
the  suprarenal  glands,  to  the  ureter,  and  to  the  sur¬ 
rounding  cellular  tissue  and  muscles.  Frequently  a 
second  renal  artery,  termed  the  inferior  renal,  is  given 


Fig.  1152.  —  Longitudinal  section  of  de¬ 
scending  limb  of  Henle’s  loop.  a.  Membrana 
propria,  b.  Epithelium. 


off  from  the  abdominal  aorta  at  a  lower  level,  and  supplies  the  lower  portion  of  the  kidney, 
while  occasionally  an  additional  artery  enters  the  upper  part  of  the  kidney.  The  branches 
of  the  renal  artery,  while  in  the  sinus,  give  off  a  few  twigs  for  the  nutrition  of  the  surround¬ 


ing  tissues,  and  end  in  the  arteria  propria  renales,  which  enter  the  kidney  proper  in  the 
renal  columns.  Two  of  these  pass  to  each  renal  pyramid,  and  run  along  its  sides  for  its 


entire  length,  giving  off  in  their  course  the  afferent  vessels  of  the  renal  corpuscles  in  the  renal 


columns.  Having  arrived  at  the  bases  of  the  pyramids,  they  form  arterial  arches  or  arcades 
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which  lie  In  the  boundary  zone  between,-  the  bases  of  the  pyrsytmia  and  ;fhw  arcW.  «Irei 

break  up  into  two  distinct  sets  oi  branches  devoted:  to  the  supply  of  the  muai:ru!i v>  jA.r:  >•  • 


••*•*■  •  .  rs//wJe 


.  -  •.•  y  -,-v  ...  ■■  ■■  .  ;;  v  -  ; 

:. 

Thu  first  set,  tfe  mi^lohidorarttrit-x  (Fig.  1 WOJ,  *re  given  off  at  right  angle*  from  vfce  *s&? 
•of  the  arterial  Jirratk  looluftg  toward  ii»e  cortfcsl .-siib&tanr.e,  and  pass-  directly  outward  fcetw?w- 
the  medullary  rays  to  reach  the  iibroiw  tutsie,  where  they  end  in  the  -cdpilkrv  n*Mrotfe  of  rh* 
part,  Thc6;e  YcateW'ljbj  witli  n&eh  other,  Imt  form  what  are  ea<b&rtenft& 

in  their  <yuf ward  course  are  Hie  for  tj* 

Malpighian  bodies;  fWivpagh'  £#3fiH  i-Siry  cuter  the  crapsttle^fcixd  *?r»d  id  the  glou^ruiut.  rat* 
each. tiffi  the.  Hwd  un^s-.aiwV fraying  made  if*  ogre**:  from  the  e*p«*l* 

near  U»  the  jVjiuT  when*  «h«*  afferent  enter?-,  breaks  >.ip  rittO  a  number  «>f  brauicli^  wU& 
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the  interlobular  arteries  break  up.  These  join  to  form  the  interlobular  veins,  which  pass  inward 
between  the  rays,  receive  branches  from  the  plexuses  around  the  convoluted  tubules,  and,  having 
arrived  at  the  bases  of  the  renal  pyramids,  join  with  the  vena)  rectae,  next  to  be  described. 

The  ven®  rectse  are  branches  from  the  plexuses  at  the  apices  of  the  medullary  pyramids, 
formed  by  the  terminations  of  the  arterue  rectae.  They  run  outward  in  a  straight  course  between 
the  tubes  of  the  medullary  substance,  and  joining,  as  above  stated,  the  interlobular  veins,  form 
venous  arcades;  these  in  turn  unite  and  form  veins  which  pass  along  the  sides  of  the  pyramids 
(Fig.  1149). 

These  vessels,  ven®  propria  renales,  accompany  the  arteries  of  the  same  name,  running 
along  the  entire  length  of  the  sides  of  the  pyramids,  and  quit  the  kidney  substance  to  enter  the 
sinus.  In  this  cavity  they  join  the  corresponding  veins  from  the  other  pyramids  to  form  the 
renal  vein,  which  emerges  from  the  kidney  at  the  hilum  and  opens  into  the  inferior  vena  cava; 
the  left  vein  is  longer  than  the  right,  and  crosses  in  front  of  the  abdominal  aorta. 

The  lymphatics  of  the  kidney  are  described  on  page  716. 

Nerves  of  the  Kidney. — The  nerves  of  the  kidney,  although  small,  are  about  fifteen  in  number. 
They  have  small  ganglia  developed  upon  them,  and  are  derived  from  the  renal  plexus,  which  is 
formed  by  branches  from  the  celiac  plexus,  the  lower  and  outer  part  of  the  celiac  ganglion  and 
aortic  plexus,  and  from  the  lesser  and  lowest  splanchnic  nerves.  They  communicate  with  the 
spermatic  plexus,  a  circumstance  which  may  explain  the  occurrence  of  pain  in  the  testis  in  affec¬ 
tions  of  the  kidney.  They  accompany  the  renal  artery  and  its  branches,  and  are  distributed  to 
the  bloodvessels  and  to  the  cells  of  the  urinary  tubules. 

Connective  Tissue  ( intertubular  stroma ).  —  Although  the  tubules  and  vessels  are  closely 
packed,  a  small  amount  of  connective  tissue,  continuous  with  the  fibrous  tunic,  binds  them 
firmly  together  and  supports  the  bloodvessels,  lymphatics,  and  nerves. 

Variations. — Malformations  of  the  kidney  are  not  uncommon.  There  may  be  an  entire 
absence  of  one  kidney,  but,  according  to  Morris,  the  number  of  these  cases  is  ‘‘excessively 
small”:  or  there  may  be  congenital  atrophy  of  one  kidney,  when  the  kidney  is  very  small,  but 
usually  healthy  in  structure.  These  cases  are  of  great  importance,  and  must  be  duly  taken  into 
account  when  nephrectomy  is  contemplated.  A  more  common  malformation  is  where  the  two 
kidneys  are  fused  together.  They  may  be  joined  together  only  at  their  lower  ends  by  means 
of  a  thick  mass  of  renal  tissue,  so  as  to  form  a  horseshoe-shaped  body,  or  they  may  be  completely 
united,  forming  a  disk-like  kidney,  from  which  two  ureters  descend  into  the  bladder.  These  fused 
kidneys  are  generally  situated  in  the  middle  line  of  the  abdomen,  but  may  be  displaced  as  well. 
In  some  mammals,  e.  g .,  ox  and  bear,  the  kidney  consists  of  a  number  of  distinct  lobules;  this 
lobulated  condition  is  characteristic  of  the  kidney  of  the  human  fetus,  and  traces  of  it  may  persist 
in  the  adult.  Sometimes  the  pelvis  is  duplicated,  while  a  double  ureter  is  not  very  uncommon. 
In  some  rare  instances  a  third  kidney  may  be  present. 

One  or  both  kidneys  may  be  misplaced  as  a  congenital  condition,  and  remain  fixed  in  this 
abnormal  position.  They  are  then  very  often  misshapen.  They  may  be  situated  higher,  though 
this  is  very  uncommon,  or  lower  than  normal  or  removed  farther  from  the  vertebral  column 
than  usual;  or  they  may  be  displaced  into  the  iliac  fossa,  over  the  sacroiliac  joint,  on  to  the 
promontory  of  the  sacrum,  or  into  the  pelvis  between  the  rectum  and  bladder  or  by  the  side  of 
the  uterus.  In  these  latter  cases  they  may  give  rise  to  very  serious  trouble.  The  kidney  may  also 
be  displaced  as  a  congenital  condition,  but  may  not  be  fixed;  it  is  then  known  as  a  floating  kidney . 
It  is  believed  to  be  due  to  the  fact  that  the  kidney  is  completely  enveloped  by  peritoneum  which 
then  passes  backward  to  the  vertebral  column  as  a  double  layer,  forming  a  mesonephron  which 
permits  movement.  The  kidney  may  also  be  misplaced  as  an  acquired  condition;  in  these  cases 
the  kidney  is  mobile  in  the  tissues  by  which  it  is  surrounded,  moving  with  the  capsule  in  the 
perinephric  tissues.  This  condition  is  known  as  movable  kidney ,  and  is  more  common  in  the  female 
than  in  the  male.  It  occurs  in  badly  nourished  people,  or  in  those  who  have  become  emaciated 
from  any  cause.  It  must  not  be  confounded  with  the  floating  kidney ,  which  is  a  congenital 
condition  due  to  the  development  of  a  mesonephron.  The  two  conditions  cannot,  however, 
be  distinguished  until  the  abdomen  is  opened  or  the  kidney  explored  from  the  loin. 

The  Ureters. 

The  ureters  are  the  two  tubes  which  convey  the  urine  from  the  kidneys  to  the 
urinary  bladder.  Each  commences  within  the  sinus  of  the  corresponding  kidney 
as  a  number  of  short  cup-shaped  tubes,  termed  calyces,  which  encircle  the  renal 
papillae.  Since  a  single  calyx  may  enclose  more  than  one  papilla  the  calyces  are 
generally  fewer  in  number  than  the  pyramids — the  former  varying  from  seven  to 
thirteen,  the  latter  from  eight  to  eighteen.  The  calyces  join  to  form  two  or  three 
short  tubes,  and  these  unite  to  form  a  funnel-shaped  dilatation,  wide  above  and 
narrow  below,  named  the  renal  pelvis,  which  is  situated  partly  inside  and  partly 
outside  the  renal  sinus.  It  is  usually  placed  on  a  level  with  the  spinous  process  of 
the  first  lumbar  vertebra. 
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The  Ureter  Proper  measures  from  25  to  30  cm.  in  length,  and  is  a  thick-walled 
narrow  cylindrical  tube  which'  ia  directly  continuous  near  the  lower  end  of  the 
kidney  with  the  tapering  extremity  of  the  renal  pelvis.  It  runs  downward  and 
medial  ward  in  front  of  the  Psoas  major  and,  entering  the  pelvic  cavity,  finally 
open3  into  the  fundus  of  the  bladder. 

The  abdominal  part  {pars  abdandwlis).  lies  behind  the  peritoneum  on  the  medial 
part  of  the  Psoas  major,  and  Is  crossed  obliquely  by  the  internal  spermatic  vessels. 
It  enters  tire  pelvic  cavity  by  Crossing  either  the  termination  of  the  common,  or 
the  commcu cement  of  the  external,  iliac  vessels. 

At  its  origin  the  right  ureter  is  usually  covered  by  the  descending  part  of  the 
duodenum,  and  in  its  course  downward  lies  to  the  right  of  the  inferior  vena  cava, 
and  is  crossed  by  the  right  colic  and  ileocol  ic  vessels  ,  while  near  the  superior  aperture 
of  the  pelvis  it  passes  behind  the  lower  part  of  the  mesentery  and  five  terminal 
part  of  the  ileum.  The  Sr  ft  ureter  is  crossed  by  the  left  colic  vessels,  and  near  the 
superior  aperture  of  the  pelvia  passes  behind  the  sigmoid  colon  and  its  mesentery. 

The  pelvic  part  (pars  pefrina )  runs  at  first  downward  on  the  lateral  wail  of  the 
pelvic  cavity,  along  the  anterior  border  of  the  greater  sciatic  notch  and  under 
cover  of  the  jg-ritoncuhv.  It  lies  in  front  of  the  hypogastric  artery  medisiHo  the 
obturator  nerve  and  rite  umbilical,  obturator,  inferior  vesical,  and  middle  hemor¬ 
rhoidal  arteries.  Opposite  the  lower  part  of  the  greater  sciatic  foramen  it  inclines 
medialward,  arid  reaches  the  lateral  angle  of  the  bladder,  where  it  is  situated  in 
front  of  tlie  upper  end  of  the  seminal  vesicle  and  at  a  distance  of  about  -5  cm. 
from  the  opposite  ureter;  here  the  duetos  deferens  crosses  to  its  medial  side,  and 
the  vesical  veins  surround  it.  Finally,  the  Ureters  run  obliquely  for  about  2  cm. 
through  tlie  wall  of  the  bladder  and  open  by  slit-like  apertures  into  the  cavity 
of  the.  visepa  at  the  lateral  angles  of  the  trigonei  When  the  bladder  is  distended 
the  openings  of  the  ureters  are  about  5  cm.  apart,  but  when  it  is  empty  ami  con¬ 
tracted  tlie  distance  between  them  is  diminished  by  one-half,  Owing  to  their 

oblique:  course  through  the  coats 
of  tlie  bladder,  the  upper  and 
lower  wails  of  the  terminal  por¬ 
tions  of  t}m  ureters  become  closely 
applied  tb  t-riier  when  the 
viscus  is  distended, Whtb  acting  as 
valves,  prevent  regurgitation  of 
urine  from  the  bladder. 

Iti  the  {simile,  tlie  ureter  forms, 
as  it  lies  In  relation  to  the  wall 
■ar  ofriie  j^Hds.tiie  posteriorboucd- 
nry  of  &  shallow  depression  named 
the  ovarian  took, .  &i'  which  the 
,v-  '.;*)vary.'is  situated.  It  then  rims 
mediulwatd  and  forward  on  the 
lateral  aspect  of  the  cervix  uteri 
and  upper  part  of  the  vagina  to 
teach  the  fundus  of  the  bla<lder. 
In  this  part  of  its  course  if  is  ae- 
eompnoied  for  about  2.5  cm,  by 
the  Uterine  artery,  which  then 
Crosses  in  front  of  the  ureter  and 
VTfc  I'lwV-.TtMis^w-wUtw '4  ut»i«.  ascends  between  the  two  layers  of 

tlie  broad  ligament.  The  ureter 
is  ib-tant  about  2  cm.  from  the  side  of  the  cervix  of  the  uterus.  The  ureter  is 
sometimes  duplicated  on  one  or  both  sides,  and  the  two  tubes  may  remain 
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distinct  as  far  as  the  fundus  of  the  bladder.  On  rare  occasions  they  open 
separately  into  the  bladder  cavity. 

Structure  (Fig.  1155). — The  ureter  is  composed  of  three  coats:  fibrous,  muscular,  and  mucous 
coats. 

The  fibrous  coat  ( tunica  adventitia.)  is  continuous  at  one  end  with  the  fibrous  tunic  of  the  kidney 
on  the  floor  of  the  sinus;  while  at  the  other  it  is  lost  in  the  fibrous  structure  of  the  bladder. 

In  the  renal  pelvis  the  muscular  coat  (tunica  muscularis)  consists  of  two  layers,  longitudinal 
and  circular:  the  longitudinal  fibers  become  lost  upon  the  sides  of  the  papillse  at  the  extremities 
of  the  calyces;  the  circular  fibers  may  be  traced  surrounding  the  medullary  substance  in  the 
same  situation.  In  the  ureter  proper  the  muscular  fibers  are  very  distinct,  and  are  arranged 
in  three  layers:  an  external  longitudinal,  a  middle  circular,  and  an  internal,  less  distinct  than 
the  other  two,  but  having  a  general  longitudinal  direction.  According  to  Kdlliker  this  internal 
layer  is  found  only  in  the  neighborhood  of  the  bladder. 

The  mucous  coat  ( tunica  mucosa)  is  smooth,  and  presents  a  few  longitudinal  folds  which 
become  effaced  by  distension.  It  is  continuous  with  the  mucous  membrane  of  the  bladder 
below,  while  it  is  prolonged  over  the  papillse  of  the  kidney  above.  Its  epithelium  is  of  a  tran¬ 
sitional  character,  and  resembles  that  found  in  the  bladder  (see  Fig.  1162).  It  consists  of  sev¬ 
eral  layers  of  cells,  of  which  the  innermost — that  is  to  say,  the  cells  in  contact  with  the  urine- 
are  somewhat  flattened,  with  concavities  on  their  deep  surfaces  into  which  the  rounded  ends 
of  the  cells  of  the  second  layer  fit.  These,  the  intermediate  cells,  more  or  less  resemble  columnar 
epithelium,  and  are  pear-shaped,  with  rounded  internal  extremities  which  fit  into  the  concavities 
of  the  cells  of  the  first  layer,  and  narrow  external  extremities  which  are  wedged  in  between  the 
cells  of  the  third  layer.  The  external  or  third  layer  consists  of  conical  or  oval  cells  varying  in 
number  in  different  parts,  and  presenting  processes  which  extend  down  into  the  basement 
membrane.  Beneath  the  epithelium,  and  separating  it  from  the  muscular  coats,  is  a  dense  layer 
of  fibrous  tissue  containing  many  elastic  fibers. 

Vessels  and  Nerves. — The  arteries  supplying  the  ureter  are  branches  from  the  renal,  internal 
spermatic,  hypogastric,  and  inferior  vesical. 

The  nerves  are  derived  from  the  inferior  mesenteric,  spermatic,  and  pelvic  plexuses. 

Variations. — The  upper  portion  of  the  meter  is  sometimes  double;  more  rarely  it  is  double  the 
greater  part  of  its  extent,  or  even  completely  so.  In  such  cases  there  are  two  openings  into  the 
bladder.  Asymmetry  in  these  variations  is  common. 


The  Urinary  Bladder  (Vesica  Urinaria;  Bladder)  (Fig.  1156). 

The  urinary  bladder  is  a  musculomembranous  sac  which  acts  as  a  reservoir 
for  the  urine;  and  as  its  size,  position,  and  relations  vary  according  to  the  amount 
of  fluid  it  contains,  it  is  necessary  to  study  it  as  it  appears  (a)  when  empty,  and  (6) 
when  distended.  In  both  conditions  the  position  of  the  bladder  varies  with  the 
condition  of  the  rectum,  being  pushed  upward  and  forward  when  the  rectum  is 
distended. 

The  Empty  Bladder. — When  hardened  in  situ ,  the  empty  bladder  has  the 
form  of  a  flattened  tetrahedron,  with  its  vertex  tilted  forward.  It  presents  a  fundus, 
a  vertex,  a  superior  and  an  inferior  surface.  The  fundus  (Fig.  1152)  is  triangular 
in  shape,  and  is  directed  downward  and  backward  toward  the  rectum,  from  which 
it  is  separated  by  the  rectovesical  fascia,  the  vesiculse  seminales,  and  the  terminal 
portions  of  the  ductus  deferentes.  The  vertex  is  directed  forward  toward  the  upper 
part  of  the  symphysis  pubis,  and  from  it  the  middle  umbilical  ligament  is  continued 
upward  on  the  back  of  the  anterior  abdominal  wall  to  the  umbilicus.  The  peri¬ 
toneum  is  carried  by  it  from  the  vertex  of  the  bladder  on  to  the  abdominal  wall 
to  form  the  middle  umbilical  fold.  The  superior  surface  is  triangular,  bounded 
on  either  side  by  a  lateral  border  which  separates  it  from  the  inferior  surface,  and 
behind  by  a  posterior  border,  represented  by  a  line  joining  the  two  ureters,  which 
intervenes  between  it  and  the  fundus.  The  lateral  borders  extend  from  the  ureters 
to  the  vertex,  and  from  them  the  peritoneum  is  carried  to  the  walls  of  the  pelvis. 
On  either  side  of  the  bladder  the  peritoneum  shows  a  depression,  named  the  para¬ 
vesical  fossa  (Fig.  1037) .  The  superior  surface  is  directed  upward,  is  covered  by  peri¬ 
toneum,  and  is  in  relation  with  the  sigmoid  colon  and  some  of  the  coils  of  the  small 
intestine.  When  the  bladder  is  empty  and  firmly  contracted,  this  surface  is  convex 
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and  the  lateral  and  posterior  borders  are  rounded ;  whereas  if  the  bladder  be  relaxed 
it  is  concave,  and  the  interior  of  the  viscus,  as  seen  in  a  median  sagittal  section, 
presents  the  appearance  of  a  V-shaped  slit  with  a  shorter  posterior  and  a  longer 
anterior  limb — the  apex  of  the  V  corresponding  with  the  internal  orifice  of  the 
urethra.  The  inferior  surface  is  directed  downward  and  is  uncovered  by  peritoneum. 
It  may  be  divided  into  a  posterior  or  prostatic  area  and  two  infero-lateral  surfaces. 
The  prostatic  area  is  somewhat  triangular:  it  rests  upon  and  is  in  direct  continuity 
with  the  base  of  the  prostate;  and  from  it  the  urethra  emerges.  The  infero-lateral 
portions  of  the  inferior  surface  are  directed  downward,  and  lateral  ward :  in  front, 
they  are  separated  from  the  symphysis  pubis  by  a  mass  of  fatty  tissue  which  is 
named  Jtlie  retropubic  pad;  behind,  they  are  in  contact  with  the  fascia  which  covers 
the  Levatores  ani  and  Obturatores  interni. 


Durl  nff  dr'f*  mix 


'vrnsm 


Ljactilatwy  d'id 
A  hal  canal 


Vrtikr>a> 


I W;  - Sc  rot 


‘Exfemoi  h  ret  h  ral 

orijicc 


Fi«.  1X36. — sagittal  section  of  male  pelvis. 


When  the  bladder  is  empty  it  is  placed  entirely  within  the  pelvis,  below  the  level 
of  the  obliterated  hypogastric  arteries,  and  below  the  level  of  those  portions  of  the 
ductus  deferentes  which  are  in  contact  with  the  lateral  wall  of  the  pelvis;  after 
they  cross  the  ureters  the  ductus  deferentes  come  into  contact  with  the  fundus 
of  the  bladder.  As  the  viscus  fills,  its  fundus,  being  more  or  less  fixed,  is  onlv 
slightly  depressed;  while  its  superior  surface  gradually  rises  into  the  abdominal 
cavity,  carrying  with  it  its  peritoneal  covering,  and  at  the  same  time  rounding 
off  the  posterior  and  lateral  borders. 

The  Distended  Bladder. — When  the  bladder  is  moderately  full  it  contains 
about  0.5  liter  and  assumes  an  oval  form;  the  long  diameter  of  the  oval  measure 
about  12  cm.  and  is  directed  upward  and  forward.  In  this  condition  it  presents 
a  postero-superior,  an  antero-inferior,  and  two  lateral  surfaces,  a  fundus  and  a 
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summit.  The  postero-superior  surface  is  directed  upward  and  backward,  and  is  cov¬ 
ered  by  peritoneum:  behind,  it  is  separated  from  the  rectum  by  the  rectovesical 
excavation,  while  its  anterior  part  is  in  contact  with  the  coils  of  the  small  intestine. 
The  antero-inferior  surface  is  devoid  of  peritoneum,  and  rests,  below,  against  the 
pubic  bones,  above  which  it  is  in  contact  with  the  back  of  the  anterior  abdominal 
wall.  The  lower  parts  of  the  lateral  surfaces  are  destitute  of  peritoneum,  and  are 
in  contact  with  the  lateral  walls  of  the  pelvis.  The  line  of  peritoneal  reflection 
from  the  lateral  surface  is  raised  to  the  level  of  the  obliterated  hypogastric  artery. 
The  fundus  undergoes  little  alteration  in  position,  being  only  slightly  lowered. 
It  exhibits,  however,  a  narrow  triangular  area,  which  is  separated  from  the  rectum 
merely  by  the  rectovesical  fascia.  This  area  is  bounded  below  by  the  prostate, 
above  by  the  rectovesical  fold  of  peritoneum,  and  laterally  by  the  ductus  deferentes. 
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1157  — Male  pelvio  organs  Mien  from  right  side.  Bladder  and  reetum  distended;  relation*  of  peritoneum  to  the 
bladder  and  rectum  ehowD  in  blue.  The  arrow  points  to  the  rectovesical  pouch. 


The  ductus  deferentes  frequently  come  in  contact  with  each  other  above  the  pros¬ 
tate,  and  under  such  circumstances  the  lower  part  of  the  triangular  area  is  obliter¬ 
ated.  The  line  of  reflection  of  the  peritoneum  from  the  rectum  to  the  bladder 
appears  to  undergo  little  or  no  change  when  the  latter  is  distended;  it  is  situated 
about  10  cm.  from  the  anus.  The  summit  is  directed  upward  arid  forward  above 
the  point  of  attachment  of  the  middle  umbilical  ligament,  and  hence  the  peritoneum 
which  follows  the  ligament,  forms  a  pouch  of  varying  depth  between  the  summit 
of  the  bladder,  and  the  anterior  abdominal  wall. 

The  Bladder  in  the  Child  (Figs.  1158,  1159)- — In  the  newborn  child  the  internal 
urethral  orifice  is  at  the  level  of  the  upper  border  of  the  symphysis  pubis;  the 
bladder  therefore  lies  relatively  at  a  much  higher  level  in  the  infant  than  in  the 
adult.  Its  anterior  surface  “is  in  contact  with  about  the  lower  two-thirds  of  that 
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Its  fundps  tviih  peritoneum  as  1st  as  the  level 

if  the  ti rctl:irit^  itfrt.'ii gts  th<-  bladder  of  the  infant  busijaily 

desen&^d&s  an  abdominal  organ,  Symington  h&s  pointed  out  that  only  about 
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one-half  of  it  lies,  above  the  plane  of  the  superior  aperture  of  the  pelvis.  Disse- 
nmintaitis  that  the  internal  urethral  orifice  sinks  rapidly  during  the  first 
years,  and  then  more  slowly  until  the  ninth  year,  after  which  it  remains  stationary 
until  puberty ,  yiien  it  .again  slowly  descends  and  reaches  its  .adult  position. 
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The  Temale  Bladdet  ^Kjg,  -1st  the  female,  the  bladder  is  in  relation 

behind  with  the  uterus  and  the  upper  part  of  the  vagina.  It  is  separated  from  the 
anterior  surface  of  the  Ijodv  of  the  uterus  by  the  vesteouterine  excavation,  hot 
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THE  URINARY  BLAMER 


below  the  level  of  this  excavation  it  is  connected;  to  the  front  of  the  cervix  uteri 
and  the  upper  part,  of  the  anterior  wall  of  the  vagina  by  areolar  tissue.  When 
the  btoldvr  is  empty  the  uterus  rest*  upon  its  superior  surface.  The  female  bladder 
is  said  by  some  to  he  more  capacious  than  that  of  the.  male,  but  probably  the 
opposite  is  the  case. 


ViU  ^o/  nical 
-\GXLWJion 


Mwlian  segutbU  .wetioc  of  fcuoaU*  ja-lris 


Ligaiaents.y-^The  bladder  is  connected  to  the  pelvic  wall  by  the  fascia  Cndo- 
pelvina.  in  front  this  fascial  attachment  is  strengthened  by  a  fmv  muscular  fibers, 


the  Pshoyesicales,  which  extend  from  the  back  of  the  pubic  bones  to  the  front 
of  the  bladder;  behind,  other  muscular  fibers  run  from  the  fundus  pf  the  bladder 
to  the  sides  of  the  rectum,  in  the  saerogemtrd  folds,  and  constitute  the  Bectovesicales. 

The  vertex  of  the  bladder  is  joined  to  the  umbilicus  by  the  remains  of  the  urachus 
which  forms  the  middle  umbilical  ligament,  a  fibrorouscular  cord,  broad  at;  its 
attachment  to  the  bladder  but  narrowing  as  it  ascends, 

F?om  the  superior  surface  of  the  bladder  the  peritoneum  is  curried  off  in  a  series 
of  folds  which  arc  sometimes  termed  the  false  ligamoBts  of  the  bladder.  Anteriorly 
there  are  three  fjdds;  the  middle  umbilical,  fold  on  the,  middle  umbilical  ligament, 
and  t  wo  lateral  umbilical  folds  on  the  obliterated  hypogastric  arteries.  The  reflec¬ 
tions  of  the  peritoneum  m  to  the  side  walls  of  the  pelvis  form  the  lateral  false 
ligarocatSi  Witfe  the  sacrogenita]  ifiplds  constitute  posterior  false  ligaments. 

Interior  of  the  Bladder  (Fig.  1161). —The  mucous  membrane  lining  the  bladder 
is,  over  the  greater  part  of  the  visetts,  loosely  attached  to  the  muscular  coat,  add 
appears  wrinkled  or  folded  when  the  bladder  Is  contracted tin  the  distended  condi¬ 
tion  of  the  bladder  the  folds  are  effaced.  Over  a  smuH  triangular  ares,  termed  the 
trigonum  vesica},  immediately  above  arid  behind  t he  internal  oriikeof  the  urethra, 
the  mucous  membrane  is  firmly  bound  to  the  muscular  coat  ,  and  is  always  smooth- 
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The  anterior  angle  of  the  trigemini  vesica  fe  if irme<l  by  the  internal  orifice  of  the 
urethra :  its  jgap^Shrlateral  angles  by  tjie  orifices  of  the  ureters.  Stretching  behind 
the  latter  opening  H  %  slightly  curved  ridgy.  the  toms  uietericus,  forming  the  base 
of  the  trigone  and  produced  by  an '  lijuferlving  bundle  m  nw-striped'  muscular 
fibers.  The  lateral  purrs  of.,  this  ridge  extra  id  beyond  thy  openings  of  the  ureters, 
andatfe  ptayd  the  piic®  ureteric;  they  are  produced  by  the  terminal portions  of 
the  ;iVrebe;rfi  ‘■they  traverse  Obliquely  the  bladder  wall-  .  'ftlie.ri  •  the bladder  & 
illumbutcd  the  torus  ureu-riVu*  appear.-:  a-  a  pale  (Kind  and'  form*  an  important 
guide  during  the  operation  of  introducing  a  catheter  into  the  ureter. 
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vesicas  and  are  nsuidlysliMikein  form.  In  the  contracted  Madder  thev  are  ahout 
2.6 -cm.- apart  nod  about  tin-  same  distance  from  the  internal  urethra!  orifice;  in 
the  distended  .vfcettt  t  hese  nn>asui%me»ts  tna4v  .be  inemtkod  to  about  5  cm. 

The  internal  urethral  twifieers  placed  at  the  tym  of  the  trigouum  vewete,  in  the 
most  dependent  parr  of  the  blaster,.  and  is-  usually  somewhat  crescentic  in  form; 
the  mucoua  ntcmln-anc  immediately.  behind  it  presents  a  slight  elevation,  the 
uvula  vesicas  caused  by  the  mMidlc  lohe  of  tlie  prostate , 

The  PWlder  is  ‘Nympcigeil  of  fchr  fbui 


. 

muemu,  and  mucous  eaats 

The  serous  co&t  (imk*%  wr**xtn  jfe  a  partial  one,  ami  i#  delved  'from*  tbe  peritfjmeum  It  invests 
the  superior  surface  and  the  Upper  parte  of  the  latyrrd  ausl  i*  rehectoj  from  thes**  *w 

to  iJie  abdmninil  and  pojvir  vi-aiU. 

?jfhe  jnuxcukt  coa*  Uumm  m>omtarfo)  consist*  of  three  Ta  vert*  of  limrnped  oiusinjIaj  lihers, 
an  external  layer,  composed  of  fibers  having  for  the  mriyt-  part  a  longitudhial  air^gement;  a 
middle  3&.y»«tv  in  which  the  libera ' are  arranged,  iricore;  :ib. ft j&ir$uisif  «*attnor:  and  an  internal 

Kyet .  in  wlueh  the  fibers  I uvve  a  general  Itfngifcuvlinai  arranywau. 

Thy  fibers  vjihq  external  foyer  arise  from  the  fmstorior  surface  oTtlfe  -ptibis  i®  both 

sexes  (muzizuli  puhavessicoh^)  %  and  in  tij£  maic  from  rhe  adjat'ent  pnu  of  tbe  pro^fiite  and  its 
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ye  ht  the  bladder, 


over  it's  vertex,  and  then  descend  along  its  fundus  to  becchi 
mafeaudfu  the  front  of  the  vagina  In  the  female.  At  the 
arranged  obliquely  and  inter^ct  one  another.  This 
layer  has.  been  named  the  Detmuoi  unnae  muscle. 

Th?  jiher*  the  middle  circular  layer  are  very 
th inly  and  irregularly  ®e&t feced  cm  1  he  btidy  of  the  : 
organ,  -atitij.  although  to  $orne  iixtdnt  placed  trasis-  • 
vcfseiy  to  the  long  axis  of  the  bladder,-  are  for  the  TVI 
mewt  part  arranged  obliquely^  Tow  aid  the  IrAv or  - 
part  of  fhe  bL'tddefy  around  the  internal  urethral  v 

onnee,  they  are  disposal  in  a  thick  circular  layer,  S&'fe 
forming  the  Sphincter  vesica  which  m  continuous  9||$ 
with  the  hijiscular  fibers-  of  the 

The  internal  longitudinal  layer  is  f bin,  and  its  f^SjC 
fasciculi  have  a  r*dep&r  ar r^hgenient ,  but  with  a 
tendency  to  assume  for  (he  most  part  a  long# uduial 
direction.  IVo  bam!*  of  oblique  fibers,  originating 
behind  the  orifices  of  th^c  urWers.  con  verge  10  the 
ba^  k  part  of  the  prostate,  and  are  htserfed  by  means  ■  ^ 

of  a  fibrous  process,  into  the  middle  febe  of  that  i&&l 

organ  They  are  the  muscles  of  th*  nrsters,  de-  . 
scribed  hy  Sir  th  Beil,  who  suppose  that  during  ‘k@H 
the  contraction  of  the  bladder  they  serve .-to retain  3g2j|$ 

the  oblique  ducction  of  the  ureters,  ami  k>  prevent 
the  refittx  of  the  uricf«  into  them.,  •:•  :•. 

The  snbmtscotis  coat  (ttia  tuhmrtcoia)  r :an$iais  of 
a  layer  of  areolar  tissue,  together  the 

muscular  sod  mucous  soars.  «fef  intimately  united 
to  the  latter. 

The  mat  qua  co&titmi&a  tamam)  is  Udn*  smooth,  and  of  a  fade  rose  color.  U  is  continuous 
above  through  the  tirciers  with  the  lining  membrane  of  the  renal  tubules,  ami  below  with  that 
of  the  urethra.  The  loose  texture  of  the  submueoiia  layerr  allows  the  mucous  coat  to  be  thrown 
into  fold*  or  ruga*  when  the  bladder  is  empty.  Ovbir  the  uigoaura  ycsk«  the  mucous  mem¬ 
brane  is  closely  ^oafe'and  nut folds,-  but  is  smooth  and 

flat.  The  epithelium  covering  it  is  of  -the  transitional  variety,  ‘^erdamg  of  a  superficial  layer 
of  polyhe<inii  rmMvoed  ccHy  each  with  one,  fwot  or:  tliree  uncM;  fteueuth  these  rt  a  stratum 
■id  ■  large  nUih-ahaped  cells/  With  their-  Mrri>  w  t^tnuauries :  {breefed  Jto^wivi  aihd  Wedged  in 
between  smaller  s^indl^h&ped  tells,  eim milling  oval  nuclei  (Fig.  J I  fob.  The  epithelium  varies 
according  as  tW  bladder  is  d^t^dded'or  contract#!.  In  the  fbrirter  ccinditiom  the  siip^lmuil  cells 
are?  flattened  miftdTb'as© -ot -•$£• oth^jayehi  are  ehorbvned;  in.  the  latter  they  present  the  ^pp^r- 
unce  d(^crii>ed  above.  Inhere:  Are  no  true  glands  in  yjie  mucous*  membrane  Of  the  bladder*  though 
certain  mucous  follicles  which  exist,  »tfc*p  « he  neck  of  the  bladder,  have  been  regarded 

as  such,  ’V ;' 

Vessels  and  ifcarttt,  —The  ariarins  AUpptymg  the  bladder  are  the  superior,  middle^  and  inferior 

<*f  the-  hypoeastrie.  The  ohturaUtr-. and:  inferior  gluteal 
arteries  ip  the  bladder,  wid  fe  the  fcumlc  additjqhal  branches 

are  ded v«d  from  ih$  uterine  had  vaginal  arteries. 

The  veins  fom  a  co!oph,vi.t^l.pK,xuB  dti  the  inferior  surf  ace,  and  fundus  near  the,  prostate,  and 
end  m  the  hvpoKaslnc  vcwix 

The  lymphatics  de?cnbrbd  717  ,  / 

The  ftams.oi  riie  bbuhier.aic.  <1  <  tim>  nicdulUt^if  hfoers  from  the  third  am!  fourth  sacral  nerves, 
and  {$\  nori-medallatid  ftbem  frotir  tfe?  hypogastiic  plexus.  They  are  conuecUHl  With  ganglia 
10  the  ^uterm^d  auhtnucbL^  couf^  arfdarc  faullly  dwtribu^yi,  all  os  non-me<iuUute<i  fibers,  to  the 
muscular  layer  and  epithelial  lining  of  tho  viscue. 

Abaormalitifes . — A  defect  of  development,  in  which  the  1) ladder  impbcatcd.  is 

lindcr  the  name  of  <uir<n'vr*»,n  <>f  //»<  Uaihltr.  In  tliit  r Audit  ion  the  lower  part  of  the  wH]btn;ipal 
wall  arid  the  anterior  wall  of  the  bladder  are  warning,  ho  that  the  fundus  of  thebUddor  pr«'‘--s;:n<s 
on  the  abdominal  suarf ace.  «ud  w  pus»teIf  orward  by  the  pressure  of  the  vWecrn  within  t  he  ufeiofeen* 
forming  a  reti  vascular  tumor  on  which  the  op»mincs  of  the  'uretw.  nre  visible  -The  peOry  except; 
the  glans,  is  rudioiturary  ami  is  cleft  00  its 'dorsal  Mirface.  exposing  tint  door  of  the  uivthr&i  *x 
condition  known  aa  epispadias  x  The.  pglvfe  bones  are  also  airesled  in  developcbebt  . 
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The  Male  Urethra  (Urethra  Virilis)  (Fig.  1103) 


The  male  urethra  extends  front  the  interimi  urethral  orifice  in  the  urinary  bladder 
to  the  external  urethra)  orifice  at  the  end  of  the  penis.  It.  presents  a  double  curve 
in  the -ordinary  relaxed  state  of  the  penis  (Fig.  1  io-'Sj.  Its  length  varies  froth  1T  > 
to  20  cni  ;  arid  it  is  divided  into  three  portions,  the  prostatic,  membranous,  and 

cavernous,  th.e  .structure  and  rek- 
tioris  pf  which  are  easenrially 
different.  Except  during  the 
passage  <*/  the  urine  or  semen, 
the  gri-ater  part  of  the  urethral 
i^nah  Is  s«  mere  tranSVerse  deft 
j>Ui> it»  upper  and  under 
aifefaues ii?  eon  tact ;  at  the  external 
6r&ie  slit  is  vertital,  iu  the 
membranous  jKirtion  irregular  at 
stehat^  and  in  the  prostatje  pee 
trim  some'vlmt  arched 
The  prastatie  portion  ipdnpnat 
iafus#),  the  widest  and  RKist  dih 
table  part  of  the  canal,  is  alwift 
3  ero.  long,  ft.  runs  almoat  ver¬ 
tically  through  the  prostate  fro® 
its  base  to  its  apes,  lying  nearer 
its  anterior  than  its  posterior 
surface:  the  form  of  the  rand 
is  spindle-shaped,  being  wider  in 
the  middle  than  at  either  extrem¬ 
ity,  and  narrowest  below,  whwe 
it  joins  the  membrauous  portion. 
A  transverse  section  of  the  canal 
as  it  lies  in  the  prostate  b  lmrse- 
shoe-shaped,  with  the  convexity 
directed  forward. 

Upon  the  posterior  wall 
floor  is  a  narrow  longitudinal 
ridge,  the  urethral  crest  irm- 
mmlmim ),  formed  by  an  cfcva* 
tion  of  the  mucous  membrane 
and  its  subjacent  tissue.  It  a 
from  15  to  17  mm.  in  length, 
and  about  3  mm.  in  height,  and 
contains,  according  to  Kobelt,  muscular  and  erectile  tissue.  When  distended, 
it  may  serve  to  prevent  the  passage  of  the  semen  backward  into  the  blo<ider 
On  cither  side  of  the  ettJSt  is  a  slightly  depressed  fossa,  the  prostatic  sinus,  the  flow 
of  which  is  perforated  by  numerous  apertures,  the  orifices  of  the  prwtatk  due© 
from  the  lateral  lobes  of  the  prostate;  the  ducts  of  the  middle  lobe  open  fiefiM 
the  crest.  At  the  forepart  of  the  urethral  crest,  below  its  summit,  jj  a  median 
elevation,  the  colliculus  aeraiaalis,  upon  or  Within  the  margins  of  which  are  tie 
orifices  of  the  prostatic  utricle  and  the  slit-like  openings  of  the  ejaculatory  d'Kts. 
The  prostatic  utricle  (sinus  jWiifarfr).  forms  n  cul-de-sac  about  6  mm.  long,  which 
runs  upward  and  backward  in.  the  substance  of  the  prostate  belund  the  rnkMk 
lobe,  its  walls  are  composed  of  fibrous  tissue,  muscular  fibers,  and  .  ciuonis 
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membrane,  and  numerous  small  glands  open  on  its  inner  surface.  It  was  called 
by  Weber  the  uterus  masculinus,  from  its  being  developed  from  the  united 
lower  ends  of  the  atrophied  Mullerian  ducts,  and  therefore  homologous  with  the 
uterus  and  vagina  in  the  female. 

The  membranous  portion  ( pars  membranacea)  is  the  shortest,  least  dilatable, 
and,  with  the  exception  of  the  external  orifice,  the  narrowest  part  of  the  canal. 
It  extends  downward  and  forward,  with  a  slight  anterior  concavity,  between  the 
apex  of  the  prostate  and  the  bulb  of  the  urethra,  perforating  the  urogenital  dia¬ 
phragm  about  2.5  cm.  below  and  behind  the  pubic  symphysis.  The  hinder  part 
of  the  urethral  bulb  lies  in  apposition  with  the  inferior  fascia  of  the  urogenital 
diaphragm,  but  its  upper  portion  diverges  somewhat  from  this  fascia:  the  anterior 
wall  of  the  membranous  urethra  is  thus  prolonged  for  a  short  distance  in  front 
of  the  urogenital  diaphragm;  it  measures  about  2  cm.  in  length,  while  the  posterior 
wall  which  is  betwTeen  the  two  fasciae  of  the  diaphragm  is  only  1.25  cm.  long. 

The  membranous  portion  of  the  urethra  is  completely  surrounded  by  the  fibers 
of  the  Sphincter  urethrae  membranaceae.  In  front  of  it  the  deep  dorsal  vein  of 
the  penis  enters  the  pelvis  between  the  transverse  ligament  of  the  pelvis  and  the 
arcuate  pubic  ligament;  on  either  side  near  its  termination  are  the  bulbourethral 
glands. 

The  cavernous  portion  {pars  cavernosa;  penile  or  spongy  portion )  is  the  longest 
part  of  the  urethra,  and  is  contained  in  the  corpus  cavernosum  urethrae.  It  is 
about  15  cm.  long,  and  extends  from  the  termination  of  the  membranous  portion 
to  the  external  urethral  orifice.  Commencing  below  the  inferior  fascia  of  the 
urogenital  diaphragm  it  passes  forward  and  upward  to  the  front  of  the  symphysis 
pubis;  and  then,  in  the  flaccid  condition  of  the  penis,  it  bends  downward  and 
forward.  It  is  narrow,  and  of  uniform  size  in  the  body  of  the  penis,  measur¬ 
ing  about  6  mm.  in  diameter;  it  is  dilated  behind,  within  the  bulb,  and  again 
anteriorly  within  the  glans  penis,  where  it  forms  the  fossa  navicularis  urethra. 

The  external  urethral  orifice  ( orificium  urethra  externum;  meatus  urinarius)  is 
the  most  contracted  part  of  the  urethra;  it  is  a  vertical  slit,  about  6  mm.  long, 
bounded  on  either  side  by  two  small  labia. 

The  lining  membrane  of  the  urethra,  especially  on  the  floor  of  the  cavernous 
portion,  presents  the  orifices  of  numerous  mucous  glands  and  follicles  situated 
in  the  submucous  tissue,  and  named  the  urethral  glands  (LittrS).  Besides  these 
there  are  a  number  of  small  pit-like  recesses,  or  lacuna,  of  varying  sizes.  Their 
orifices  are  directed  forward,  so  that  they  may  easily  intercept  the  point  of  a 
catheter  in  its  passage  along  the  canal.  One  of  these  lacunae,  larger  than  the  rest, 
is  situated  on  the  upper  surface  of  the  fossa  navicularis;  it  is  called  the  lacuna 
magna.  The  bulbo-urethral  glands  open  into  the  cavernous  portion  about  2.5  cm. 
in  front  of  the  inferior  fascia  of  the  urogenital  diaphragm. 

Structure. — The  urethra  is  composed  of  mucous  membrane,  supported  by  a  submucous  tissue 
which  connects  it  with  the  various  structures  through  which  it  passes. 

The  mucous  coat  forms  part  of  the  genito- urinary  mucous  membrane.  It  is  continuous  with 
the  mucous  membrane  of  the  bladder,  ureters,  and  kidneys;  externally,  with  the  integument 
covering  the  glans  penis;  and  is  prolonged  into  the  ducts  of  the  glands  which  open  into  the  urethra, 
vis.,  the  bulbo-urethral  glands  a^d  the  prostate;  and  into  the  ductus  deferentes  and  vesiculae 
seminales,  through  the  ejaculatory  ducts.  In  the  cavernous  and  membranous  portions  the  mucous 
membrane  is  arranged  in  longitudinal  folds  when  the  tube  is  empty.  Small  papillae  are  found 
upon  it,  near  the  external  urethral  orifice;  its  epithelial  lining  is  of  the  columnar  variety  except 
near  the  external  orifice,  where  it  is  squamous  and  stratified. 

The  submucous  tissue  consists  of  a  vascular  erectile  layer;  outside  this  is  a  layer  of  unstriped 
muscular  fibers,  arranged  in  a  circular  direction,  which  separates  the  mucous  membrane  and 
submucous  tissue  from  the  tissue  of  the  corpus  cavernosum  urethra. 

Congenital  defects  of  the  urethra  occur  occasionally.  The  one  most  frequently  met  with  is 
where  there  is  a  cleft  on  the  floor  of  the  urethra  owing  to  an  arrest  of  union  in  the  middle  line. 
This  is  known  as  hypospadias ,  and  the  cleft  may  vary  in  extent.  The  simplest  and  by  far  the 
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most  common  form  is  where  the  deficiency  is  confined  to  the  glans  penis.  The  urethra  ends  at 
the  point  where  the  extremity  of  the  prepuce  joins  the  body  of  the  penis,  in  a  small  valve-like 
opening.  The  prepuce  is  also  cleft  on  its  under  surface  and  forms  a  sort  of  hood  over  the  glana 
There  is  a  depression  on  the  glans  in  the  position  of  the  normal  meatus.  This  condition  produces 
no  disability  and  requires  no  treatment.  In  more  severe  cases  the  cavernous  portion  of  the 
urethra  is  cleft  throughout  its  entire  length,  and  the  opening  of  the  urethra  is  at  the  point  of 
junction  of  the  penis  and  scrotum.  The  under  surface  of  the  penis  in  the  middle  line  presents  a 
furrow  lined  by  a  moist  mucous  membrane,  on  either  side  of  which  is  often  more  or  less  dense 
fibrous  tissue  stretching  from  the  glans  to  the  opening  of  the  urethra,  which  prevents  complete 
erection  taking  place.  Great  discomfort  is  induced  during  micturition,  and  sexual  connection  is 
impossible.  The  condition  may  be  remedied  by  a  scries  of  plastic  operations.  The  worst  form 
of  this  condition  is  where  the  urethra  is  deficient  as  far  back  as  the  perineum,  and  the  scrotum 
is  cleft.  The  penis  is  small  and  bound  down  between  the  two  halves  of  the  scrotum,  so  as  to 
resemble  an  hypertrophied  clitoris.  The  testes  are  often  retained.  The  condition  of  parts, 
therefore,  very  much  resembles  the  external  organs  of  generation  of  the  female,  and  many  chil¬ 
dren  the  victims  of  this  malformation  have  been  brought  up  as  girls.  The  halves  of  the  scrotum, 
deficient  of  testes,  resemble  the  labia,  the  cleft  between  them  looks  like  the  orifice  of  the  vagina, 
and  the  diminutive  penis  is  taken  for  an  enlarged  clitoris.  There  is  no  remedy  for  this  condition. 

A  much  more  uncommon  form  of  malformation  is  where  there  is  an  apparent  deficiency  of  the 
upper  wall  of  the  urethra;  this  is  named  epispadias.  The  deficiency  may  vary  in  extent;  when 
it  is  complete  the  condition  is  associated  with  extroversion  of  the  bladder.  In  less  extensive  cases, 
where  there  is  no  extroversion,  there  is  an  infundibuliform  opening  into  the  bladder.  The 
penis  is  usually  dwarfed  and  turned  upward,  so  that  the  glans  lies  over  the  opening.  Con¬ 
genital  stricture  is  also  occasionally  met  with,  and  in  such  cases  multiple  strictures  may  be 
present  throughout  the  whole  length  of  the  cavernous  portion. 


The  Female  Urethra  (Urethra  Muliebris)  (Fig.  1160). 

The  female  urethra  is  a  narrow  membranous  canal,  about  4  cm.  long,  extending 
from  the  internal  to  the  external  urethral  orifice.  It  is  placed  behind  the  sym¬ 
physis  pubis,  imbedded  in  the  anterior  wall  of  the  vagina,  and  its  direction  is  ob¬ 
liquely  downward  and  forward;  it  is  slightly  curved  with  the  concavity  directed 
forward.  Its  diameter  when  undilated  is  about  6  mm.  It  perforates  the  fasciae 
of  the  urogenital  diaphragm,  and  its  external  orifice  is  situated  directly  in  front 
of  the  vaginal  opening  and  about  2.5  cm.  behind  the  glans  clitoridis.  The  lining 
membrane  is  thrown  into  longitudinal  folds,  one  of  which,  placed  along  the  floor 
of  the  canal,  is  termed  the  urethral  crest.  Many  small  urethral  glands  open  into 
the  urethra. 

Structure. — The  urethra  consists  of  three  coats:  muscular,  erectile,  and  mucous. 

The  muscular  coat  is  continuous  with  that  of  the  bladder;  it  extends  the  whole  length  of  the 
tube,  and  consists  of  circular  fibers.  In  addition  to  this,  between  the  superior  and  inferior  fascue 
of  the  urogenital  diaphragm,  the  female  urethra  is  surrounded  by  the  Sphincter  urethrae  mem- 
branaceae,  as  in  the  male. 

A  thin  layer  of  spongy  erectile  tissue,  containing  a  plexus  of  large  veins,  intermixed  with 
bundles  of  unstriped  muscular  fibers,  lies  immediately  beneath  the  mucous  coat. 

The  mucous  coat  is  pale;  it  is  continuous  externally  with  that  of  the  vulva,  and  internally  with 
that  of  the  bladder.  It  is  lined  by  stratified  squamous  epithelium,  which  becomes  transitional 
near  the  bladder.  Its  external  orifice  is  surrounded  by  a  few  mucous  follicles. 

THE  MALE  GENITAL  ORGANS  (ORGANA  GENITALIA  VIRILIA). 

The  male  genitals  include  the  testes,  the  ductus  deferentes,  the  veaicul®  semi- 
nales,  the  ejaculatory  ducts,  and  the  penis,  together  with  the  following  accessory 
structures,  viz.,  the  prostate  and  the  bulbourethral  glands. 

The  Testes  and  Their  Coverings  (Figs.  1164, 1165,  1166). 

The  testes  are  two  glandular  organs,  which  secrete  the  semen;  they  are  suspended 
in  the  scrotum  by  the  spermatic  cords.  At  an  early  period  of  fetal  life  the  testes 
are  contained  in  the  abdominal  cavity,  behind  the  peritoneum.  Before  birth  they 
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descend  to  the  inguinal  canal,  along  which  they  pass  with  the  spermatic  cord, 
and,  emerging  at  the  subcutaneous  inguinal  ring,  they  descend  into  the  scrotum, 
becoming  invested  in  their  course  by  coverings  derived  from  the  serous,  muscular, 
and  fibrous  layers  of  the  abdominal  parietes,  as  well  as  bv  the  scrotum. 

The  coverings  of  the  testes  are,  the 

Skin  \  Q  Cremaster, 

Dartos  tunic  J  K~cro  ura'  Infundibuliform  fascia. 

Intercrural  fascia.  Tunica  vaginalis. 


RICH'!'  INGUINAL  CANAL 

\prtr*tO- 


|  *>eftS!VT*fcT  StJRCrvJi 
I  GQ«0 — *<  CX MY 


CREMAS7IBIC  MUSfcL* 
AN  C*  FASCIA 
INTC  RCOUJMNAfl 
XASCIA 


XUwwCA  t>AQ *-  <Nr- 
s**A.tETAL.  L-tytyr 
•  I N  MY.N  V6U  DrOMK* 
<MSOU. 

-sessiLt: 

^NVOATIO 


OANTOS 


RlGHr  tf*Lf Of  »CBOTUM  SKIN 

-The  Bcrotum.  On  the  left  si<J©  the  cavity  of  the  tunica  vaginalis  has  been  opened;  on  the  right  side 
only  the  layers  superficial  to  the  Cremaster  have  been  removed.  (Testut.; 
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The  Scrotum  is  a  cutaneous  pouch  which  contains  the  testes  and  parts  of  the 
spermatic  cords.  It  is  divided  on  its  surface  into  two  lateral  portions  by  a  ridge 
or  raph£,  which  is  continued  forward  to  the  under  surface  of  t  he  penis,  and  backward, 
along  the  middle  line  of  the  perineum  to  the  anus.  Of  these  two  lateral  portions 
the  left  hangs  lower  than  the  right,  to  correspond  with  the  greater  length  of  the 
left  spermatic  cord.  Its  external  aspect  varies  under  different  circumstances: 
thus,  under  the  influence  of  warmth,  and  in  old  and  debilitated  persons,  it  becomes 
elongated  and  flaccid;  but,  under  the  influence  of  cold,  and  in  the  young  and 
robust,  it  is  short,  corrugated,  and  closely  applied  to  the  testes. 

The  scrotum  consists  of  two  layers,  the  integument  and  the  dartos  tunic. 

The  Integument  is  very  thin,  of  a  brownish  color,  and  generally  thrown  into 
folds  or  rugse.  It  is  provided  with  sebaceous  follicles,  the  secretion  of  which  has  a 
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peculiar'  .odor,  andis  beset  with  thinly  scattered,  crisp  hairs,  the  roots  m  rdtich 
are  seen  through,  the  skitf.*  .  ' . 

The Partes  Tunic .  (fttnfMaS  ''.dottoir)  is  a  thin,  layer  of  non-striped  ihusehfo  'Stasp,' 
continuous,  around  the  prise  of  the  sfhitnm,  with  the  two  layers  of  the.siijprdied 
fasertt  of  the  groin  and  ihe 'perineum;' it  sends  inward  a  septum,  which  divide 
the  scrotal  pouch  into  two  cavities  for  the  testes,  and  extends  between  the  rapKr 
and  the  under  surface  of  the  penis,  as  far  as  its  roof 
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of  *he  nofui  nt-ito  Mpiflidytrue,  wiiieb  tir**  cpyery**  by  the  \Prwml  layer  of  the  turner  vagina  lie.  (Toi dr; 

The  dartos "tunic  is  closely  united  to  the  s km  external! s\  b fit  * %->rtrie< t»-u  jftfpijj 
thy  subjacent  parts  by  delicate  areolar  tissue*  upon  which  it  glides  widest' 
greatest  facility. 

The  Intercrural  Fascia  iintcrcohnniwr  or  external  fpervwiir  laseio  •  ••  ' 
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1 -he  •' pop&fyi#  of  scattered  bundles  of  muscular  fiber-:  eor.r/'of^i 
together  win  >i  continuous  covering  by  intermediate  areola r  ti^ae  4>v  page 4?^ 
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The  Infondibulifonn  FftS^ia.  {tunica  wjbwlis  cammuni#  [testis  et  funiculi  sper¬ 
matid] )  is  a  thin  layer,  ’s'hieh  ' invests .  the  cord;  it  is  a  continuation 

downward  of  the  trausver$aJi»  fascia  ‘Ma  }>sge  419). 

The  Tonic*  Vaginalis  k  deserilxd  with  the  -testes. 
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the  ooum*  of  ;  prtottev  ^tbp  end  In  tl#?  lymph  glands. 
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The  Infmn&J  Casst  (mnali*  itiguinalis)  h  d&K'ribed  Ml  pagfc  419. 

The  S  pematig;  £o?d  iftma4m  ntermcr  ficus)  (Fig,  UG7)  extends  from  the  abdom¬ 


inal  inguinal  ^  wlie^e;  tli^ ^Iriidiscr^s-  of  which it 

part  of  the  testis.  Jtt^he  tr&H  the  parses  obliquely  along  the 

inguinal  canal,  lying  $t  fim  beneath  the  Qbiiquus  internns,  add  upon  the  fascia 
transvcrs&tis;  hut  nearer  the  pubis,  upon  the  -inguinal'  md: lacunar  liga¬ 

ments,  h&viog  the  apojieurosis  of  the* ;Ohliquu«'  extern  us  in  front  of  it*  aod  the 
inguinal  falx  hehindl  it  It  then  escapes ;  ring,  ami  descends 

nearly  vertically  into  the  scrotum.  The  left  &;mih  rather  longer  than  the  right, 
consequently  the  left  testis  hangs  sonic  what  lower  than:  its  fellow. 

Stractturs  of  the  Spermatic  Cord.~-Thesne^^^^  composed  of&rteries,  veins,  lymphatics, 

nervea,  and  the  esrretory  riutfi  P.f  the  icnite,  Ate  emneoted  together  by  areol/ir 

ti^ae,  Aud  rt)Yc«tcd  by  thc  hvycr^  WoU^ht  dovfTj  h  in  its  decent. 

Thf*  4XU tries  of  the  cord  4ny  and  >m^nuvl^ ^ypcmiAtihs;  abd  the  >wd«ry  ixi  th&dvictw 

defiirfisiz. 
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defitesifd#  tet  the  test /y,  and,  becoming  tortuoes,  divklea  into  brrmclfes,  two  or  tbre*?  nf 

which  acceiljpahy.  thn  viurt-is  deferette  ^nd  g apply  the  opididyhitM,  no u^toniosing  with  the  artery 
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a  branch  of  the  inferior  epigastric  artery. 


The  external  spermatic  artery  ia 
spermatic  cord  and  supplies  the  coverings  of  the  cord,  anastomosing  with  the  internal  spennahe 
artery. 

The  artery  of  the  ductus  deferens,  a  branch  of  the  superior  vesical,  is  a  long,  slender  vessel,  which 
accompanies  the  ductus  deferens,  ramifying  upon  its  coats,  and  anastomosing  with  the  internal 
spermatic  artery  near  the  testis. 


OBUOUC 

MUSC*.«T 


Or  CXTCSNAt 
OBlIwue  MUSCtf 


Fia.  1167. — Tho  spermatic  oord  in  the  inguinal  canal.  (Poirier  and  Charpy.) 


The  Spermatic  veins  (Fig.  1108)  emerge  from  the  back  of  the  testis,  and  receive  tributaries  fra© 
the  epididymis:  they  unite  and  form  a  convoluted  plexus,  the  plexus  parapiniformiz,  which  fona* 
the  chief  mass  of  the  cord;  the  vessels  composing  this  plexus  are  very  numerous,  and  ascend  alcn* 
the  coni  in  front  of  the  ductus  deferens;  below  the  subcutaneous  inguinal  ring  they  unite  ta  lofts 
three  or  four  veins,  which  pass  along  the  inguinal  canal,  and,  entering  the  abdomen  through  the 
abdominal  inguinal  ring,  coalesce  to  form  two  veins.  These  again  unite  to  form  a  single  vein, 
which  opens  ori  the  right  side  into  the  inferior  vena  cava,  at  an  acute  angle,  and  on  the  left 
into  the  left  renal  vein,  at  a  right  angle. 

The  lymphatic  vessels  are  described  on  page  718. 

The  nerves  are  the  spermatic  plexus  from  the  sympathetic,  joined  by  filaments  from  the  pelvk 
plexus  which  accompany  the  artery  of  the  ductus  deferens. 

Tl*e  scrotum  forms  an  admirable  covering  for  the  protection  of  the  testes.  These  bodies  lyuic 
suspended  and  loose  in  the  cavity  of  the  scrotum  and  surrounded  by  serous  membrane.  ^ 
capable  of  groat  mobility,  and  can  therefore  easily  slip  about  within  the  scrotum  and  (Me 
avoid  injuries  from  blows  or  squeezes.  The  skin  of  the  scrotum  is  very  elastic  and  oapaHfc 
of  great  distension,  and  on  account  of  the  looseness  and  amount  of  subcutaneous  tissue  .the 
scrotum  becomes  greatly  enlarged  in  cases  of  edema,  to  which  this  part  is  especially  liable  && 
a  result  of  its  dependent  position. 

The  Testes  are  suspended  in  the  scrotum  by  the  spermatic  cords,  the  left  testis 
hanging  somewhat  lower  than  its  fellow.  The  average  dimensions  of  the  testis 
are  from  4  to  5  cm.  in  length,  2,5  cm,  in  breadth,  and  3  cm.  in  the  antero-pasterk* 
diameter;  its  weight  varies  from  10.5  to  14  gm.  Each  testis  is  of  an  oval  form 
(Fig.  1169),  compressed  laterally,  and  having  ah  oblique  position  in  the  semtum: 
the  upper  extremity  is  directed  forward  and  a  little  lateralward;  the  lower, 
backward  and  a  little  medialward;  the  anterior  convex  border  looks  forward  and 
downward,  the  posterior  or  straight  border,  to  which  the  cord  is  attache! 
backward  and  upward. 

The  anterior  border  and  lateral  surfaces,  as  well  as  both  extremities  of  the  organ, 
are  convex,  free,  smooth,  and  invested  by  the  visceral  layer  of  the  tunica  vaginalis. 
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The  posterior  border,  to  which  the  cord  is  attached,  receives  only  a  partial  invest¬ 
ment  from  that  membrane.  Lying  upon  the  lateral  edge  of  this  posterior  border 
is  a  long,  narrow,  flattened  body,  named  the  epididymis. 


Fiq.  lias. 


Spermatic  vein?.  (Teatut.) 


Cretfia-'U? 
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Fiu.  lldOv — Tiie  o«ht  testis,  exposed  by  laying  open  the  tunica  .v:w*mal»«. 
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The  epididymis  consists  of  a  central  portion  or  body;  an  upper  enlarged  extremity, 
the  head  (globus  major);  and  a  lower  pointed  extremity,  the  tail  (globus  minor), 
which  is  continuous  with  the  ductus  deferens,  the  duct  of  the  testis.  The  head 
is  intimately  connected  with  the  upper  end  of  the  testis  by  means  of  the  efferent 
ductules  of  the  gland;  the  tail  is  connected  with  the  lower  end  by  cellular  tissue, 
and  a  reflection  of  the  tunica  vaginalis.  The  lateral  surface,  head  and  tail  of  the 
epididymis  are  free  and  covered  by  the  serous  membrane;  the  body  is  also  com¬ 
pletely  invested  by  it,  excepting  along  its  posterior  border;  while  between  the 
body  and  the  testis  is  a  pouch,  named  the  sinus  of  the  epididymis  (digital  fossa). 
The  epididymis  is  connected  to  the  back  of  the  testis  by  a  fold  of  the  serous 
membrane. 

Appendages  of  the  Testis  and  Epididymis. — On  the  upper  extremity  of  the  testis, 
just  beneath  the  head  of  the  epididymis,  is  a  minute  oval,  sessile  body,  the  appendix 
of  the  testis  (hydatid  of  Morgagni) ;  it  is  the  remnant  of  the  upper  end  of  the  Mullerian 
duct.  On  the  head  of  the  epididymis  is  a  second  small  stalked  appendage  (some¬ 
times  duplicated) ;  it  is  named  the  appendix  of  the  epididymis  (pedunculated  hydatid), 
and  is  usually  regarded  as  a  detached  efferent  duct. 

The  testis  is  invested  by  three  tunics:  the  tunica  vaginalis,  tunica  albuginea, 
and  tunica  vasculosa. 

The  Tunica  Vaginalis  (tunica  vaginalis  propria  testis)  is  the  serous  covering  of 
the  testis.  It  is  a  pouch  of  serous  membrane,  derived  from  the  saccus  vaginalis 
of  the  peritoneum,  which  in  the  fetus  preceded  the  descent  of  the  testis  from  the 
abdomen  into  the  scrotum.  After  its  descent,  that  portion  of  the  pouch  which 
extends  from  the  abdominal  inguinal  ring  to  near  the  upper  part  of  the  gland 
becomes  obliterated;  the  lower  portion  remains  as  a  shut  sac,  which  invests  the 
surface  of  the  testis,  and  is  reflected  on  to  the  internal  surface  of  the  scrotum; 
hence  it  may  be  described  as  consisting  of  a  visceral  and  a  parietal  lamina. 

The  visceral  lamina  (lamina  visceralis)  covers  the  greater  part  of  the  testis  and 
epididymis,  connecting  the  latter  to  the  testis  by  means  of  a  distinct  fold.  From 
the  posterior  border  of  the  gland  it  is  reflected  on  to  the  internal  surface  of  the 
scrotum. 

The  parietal  lamina  (lamina  parietalis)  is  far  more  extensive  than  the  visceral, 
extending  upward  for  some  distance  in  front  and  on  the  medial  side  of  the  cord, 
and  reaching  below  the  testis.  The  inner  surface  of  the  tunica  vaginalis  is 
smooth,  and  covered  by  a  layer  of  endothelial  cells.  The  interval  between  the 
visceral  and  parietal  laminae  constitutes  the  cavity  of  the  tunica  vaginalis. 

The  obliterated  portion  of  the  saccus  vaginalis  may  generally  be  seen  as  a  fibro- 
cellular  thread  lying  in  the  loose  areolar  tissue  around  the  spermatic  cord;  some¬ 
times  this  may  be  traced  as  a  distinct  band  from  the  upper  end  of  the  inguinal 
canal,  where  it  is  connected  with  the  peritoneum,  down  to  the  tunica  vaginalis; 
sometimes  it  gradually  becomes  lost  on  the  spermatic  cord.  Occasionally  no  trace 
of  it  can  be  detected.  In  some  cases  it  happens  that  the  pouch  of  peritoneum  does 
not  become  obliterated,  but  the  sac  of  the  peritoneum  communicates  with  the 
tunica  vaginalis.  This  may  give  rise  to  one  of  the  varieties  of  oblique  inguinal 
hernia  (page  1197).  In  other  cases  the  pouch  may  contract,  but  not  become 
entirely  obliterated ;  it  then  forms  a  minute  canal  leading  from  the  peritoneum  to 
the  tunica  vaginalis. 

The  Tunica  Albuginea  is  the  fibrous  covering  of  the  testis.  It  is  a  dense  membrane, 
of  a  bluish-white  color,  composed  of  bundles  of  white  fibrous  tissue  which  interlace 
in  every  direction.  It  is  covered  by  the  tunica  vaginalis,  except  at  the  points  of 
attachment  of  the  epididymis  to  the  testis,  and  along  its  posterior  border,  where 
the  spermatic  vessels  enter  the  gland.  It  is  applied  to  the  tunica  vasculosa  over 
the  glandular  substance  of  the  testis,  and,  at  its  posterior  border,  is  reflected 
into  the  interior  of  the  gland,  forming  an  incomplete  vertical  septum,  called  the 
mediastinum  testis  (corpus  Highmori). 
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Turbid  if 


The  madiaatiiitim  tastis  extends  from  the  upper  to  near  the  lower  extremity 
of  the  gland,  ami  is  wider  above  than  below.  From  its  front  and  aides  numerous 
imperfect  septa  {ttab^culwj^re  .given  off,  which  radiate  toward  the  surface  of  the 
organ,  and  are  attached  to  the  tunica  albuginea.  They  divide  the  inferior  of  the 
organ  into  a  number  of  incomplete  spaces  which  are  somewhat  woe-, shapted,  being 
broad  at  their  . bases  at  the  surface  of  the  gland,  and  becoming  narrower  as  they 
converge  to  the  mediastinum.  The  mt^ictsUrmm  sup{)orts  the  vessels  and  duct 
of  the  testis  in  their  passage  to  and  from  thig^uhstanee  of  the  gland . 

The  .Tunica  VoscuIobs  k  the  :mscular  layer  of  the •  testis*  consisting ' of  a  plexus 
of  bloodvessels.  Held  together  hr  delicate  areolar  tissue.  It  clothes  the  inner  sur¬ 
face  of  the  tunica  albuginea  fcnil  the.  .different'  .septa  in  the  interior  of  the  gift  ml, 
and  therefore  forms  an  internal  inreSiimpixi  to  all  the  spaces  of  which  the  gjarid  is 
composed. 

Stn^e)^.^Th«;gl^didar  atnictw#;  of  -t-Iie  testis  oUm^rpUs  lobules.  Their  nUroter* 

in  a  W>^S&Ui(X  by  Bene*  at  240,  and  by  Krau&e  at  400b;  Tlwy  differ 

according  to  ihtdr.  position.,  tho^x  iV.  the  middle  of  the  gland  being  larger  and  longer,  Th^ 
lobules  (Pig.  11.70}  are  conical  m  shape,  the  base  being  directs  toward  the  circumference  of  the 
the  mediMtinixm,  JEachiobiUe 
%  ^untamed  In  one  of  the  intervals  between  the  ftbrc<u& 
which  extend  between  the  ;  piediastlnum  testis 
aud  the  albuginea,  and  Stem  to 

three,  or  more,  minute  tfctavolutfjd  tubes,  ihe  vubuli 
»pminifsn.  The  tubules  may  be  separately  unravelled, 
by  caveful  direct  ion  under  water,  and  may  be  tem  fo 
commence  either  by  free  eeral  coda  or  by  anastomotic 
loops.  They  are  supported  by  loose  connective  tissue 
which  enmaine  here  and  there  groups  of  ’‘kiterstitiul 
cells*  '  rtmtainiag  yellow pigment  granules.  The  total 
number  of  .tubules  is  ostinmte«.i  by  Lauth  at  S40,  and 
the  average  length  of  each  is  t.G  to  $6  cm  Tbur  diam¬ 
eter  varies  from  0I2iodT  tarn.  The  tubulea  are  pale 
in  color  iu  early  life,  but  in  old  ^tge  they  o^rpiife  a  s&p 
yellow  from  amiVig  itiuch  fatty  mtttr.  Each 
tubule  Wih&ik*  of  a  basement  lawy  er  formed  of  l&thftt- 
ated  eonnectiv.etiftsue  con  taming  numerous  etetic  ftWrs 
wit  h  ^aliened  eelfe  between  the  layers  'add  covered  ex- 
tern&Uy  by  ft  layer  of  flattened  epith ehoid  cells.  Within 
the  basement  tnembfane  are  epithelial  cells  ajTanged 
m  several  not  always  Nearly 

litfjb  Whpi  ai^y  be  arranged  in  three  diifererit. 
groaps  (Fig.  1 171) .  iheee  cells  may  he  seen  the 

spermatozoa  in  differiwt  stage*  of  development,  (1) 

Lining  the  basement  membrane  and  forming  the  outer 
mao  is  &  layer  Of  cubical  cells, '  with  small  riudei; 
some  of  thm  eh larfe  to  become  speraafogoda,  The 
nuclei  of  /sqxhe  of  the  spermatogonia  may  bn  seen  to  be  in  process  of  indirect  divisio h  Xk&tffc 
kmes^i  p^^).  and  in  consequence  of  this  daughter  cells  <ure  formed,  which  constitute  the  Second 
tiptoe*:- • $4*-'  fi*»t  foyer  is  to  be  mstx  a  number  offorger  polyhedral  ceils,  with  clear 
mielei>  xa*asi&ed  -%&wd  ic^  thrwltiyw;  thtf&e  &rs  fcbe  inte/niediaU  cells  or  spermatocytes.  Most 
•of  thefc  nW  in  a  condition  of  fciryokinotie  divfek*p>  and  the  i^lfe  which'  result  from  this 
division  form  those  of  the  next  layer,  the  sperm^toblxata  or  spermatids,  (3)  The  third  layer  td 
cells  cmisist^  of  the  sftermat oblasts  or  spermatids,  and  each  id -these,  without  further  subdivision 
become  a  spermatoxobn.  The  spermatids  are'-  »rr#nJi ;; polyliectriii  -celfav  the  nucleus  ;>f  wh  of 
which  contains  half  the  iiBuatp«mta  In  addition  10  tfam  tltfee  layers  of  cells 

others  are  seen,  which  am  termed  the  supporting  sails  i>f  StrUnli).  They  are  nltmgarcd ' 
and  columnar,  and  pro^t  inward  from  the  basement  niembritrse  iownrd  the  lumen  qf  the  Aube., 
As  dwekipfuent  of  the  j^errnntoxoa  proceotis  the  latter  'group. ; iboa^Jyed *hty**^  iKe  mnejr 
extremities  j 
imbeddeti 
part  I 

areaet  free.  Tlie  ^tructUrfi  nf  tHcV^pcTm  on  pag^  12-4L 

In  tho  aprtuia  of  the  •  becumv  loss  corvvolute<i?  o^suirjc  a  nchrly  si  rsight 

'  '■  "' 


Fi Q.  tlTO; — V«rticni  UhsUs.  te 

aho-w  the  {urnugeinupt  ti*e  duct». 
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coum\  and  unite  together  to  fonu  from  twenty  to  thirty  larger  ducts,  of  about  0.3  mm.  in 
diameter,  and  those,  from  their  straight  course,  are  called  tubuli  recti  (Fig.  1170). 


Spcrrrioi4Nu>a 
permntngnn  xw 


h  UvUtriptiZ 
a  imuK  ulay  jSjfrjrjjv 


Spermatozf*! 
in  tvm*r* 
of  tuU 


Fra.  1 172. — Transverse  section  .through  the  tube  of  the  human  epididymis.  Stained  with  hematoxylin  and  f*mn 

X  350. 


twelve  to  fifteen  or  twenty  ducts,  the  ductuii  efferentes;  they  perforate  the  tunica  albuginea, 
and  carry  the  seminal  fluid  from  the  testis  to  the  epididymis.  Their  course  is  at  first  straight; 
they  then  become  enlarged,  and  exceedingly  convoluted,  and  form  a  series  of  conical  masse*, 
the  coni  vasculosi,  which  together  constitute  the  head  of  the  epididymis.  Each  cone  consists 
of  a  single  convoluted  duct,  from  13  to  20  cm.  in  length,  the  diameter  of  which  gradually  deemist* 
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Fiu  1171  — Traiwvprac-  amotion  through  a  part  ot  a  human  Stained  with  hematoxylin  m.u>1  t^^«n  y  350 

The  tubuli  recti  enter  the  fibrous  tissue  of  the  mediastinum,  and  pass  upward  and  backward, 
forming,  in  their  ascent,  a  close  net-work  of  anastomosing  tubes  which  are  merely  channels  in 
the  fibrous  stroma,  lined  by  flattened  epithelium,  and  having  no  proper  walls;  this  constitutes  the 
rete  testis.  At  the  upper  end  of  the  mediastinum,  the  vessels  of  the  rete  testis  terminate  in  from 
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from  the  testis  to  the  epididymis.  Opposite  the  bases  of  the  cones  the  efferent  vessels  open  at 
narrow  intervals  into  a  single  duct,  which  constitutes,  by  its  complex  convolutions,  the  body 
and  tail  of  the  epididymis.  When  the  convolutions  of  this  tube  are  unravelled,  it  measures 
upward  of  6  meters  in  length;  it  increases  in  diameter  and  thickness  as  it  approaches  the  ductus 
deferens.  The  convolutions  are  held  together  by  fine  areolar  tissue,  and  by  bands  of  fibrous 
tissue. 

The  tubuli  recti  have  very  thin  walls;  like  the  channels  of  the  rete  testis  they  are  lined  by  a 
single  layer  of  flattened  epithelium.  The  ductuli  efferentes  and  the  tube  of  the  epididymis  have 
walls  of  considerable  thickness,  on  account  of  the  presence  in  them  of  muscular  tissue,  which  is 
principally  arranged  in  a  circular  manner.  These  tubes  are  lined  by  columnar  ciliated  epithe- 
lium  (Fig.  1172). 

Peculiarities. — The  testis,  developed  in  the  lumbar  region,  may  be  arrested  or  delayed  in  its 
transit  to  the  scrotum  ( cryptorchism ).  It  may  be  retained  in  the  abdomen;  or  it  may  be  arrested  at 
the  abdominal  inguinal  ring,  or  in  the  inguinal  canal;  or  it  may  just  pass  out  of  the  subcutaneous 
inguinal  ring  without  finding  its  way  to  the  bottom  of  the  scrotum.  When  retained  in  the  abdo¬ 
men  it  gives  rise  to  no  symptoms,  other  than  the  absence  of  the  testis  from  the  scrotum;  but 
when  it  is  retained  in  the  inguinal  canal  it  is  subjected  to  pressure  ahd  may  become  inflamed 
and  painful.  The  retained  testis  is  probably  functionally  useless;  so  that  a  man  in  whom  both 
testes  are  retained  ( anorchism )  is  sterile,  though  he  may  not  be  impotent.  The  absence  of  one 
testis  is  termed  monorchism.  When  a  testis  is  retained  in  the  inguinal  canal  it  is  often  compli¬ 
cated  with  a  congenital  hernia,  the  funicular  process  of  the  peritoneum  not  being  obliterated. 
In  addition  to  the  cases  above  described,  where  there  is  some  arrest  in  the  descent  of  the  testis, 
this  organ  may  descend  through  the  inguinal  canal,  but  may  miss  the  scrotum  and  assume  some 
abnormal  position.  The  most  common  form  is  where  the  testis,  emerging  at  the  subcutaneous 
inguinal  ring,  slips  down  between  the  scrotum  and  thigh  and  comes  to  rest  in  the  perineum. 
This  is  known  as  perineal  ectopia  testis.  With  each  variety  of  abnormality  in  the  position  of  the 
testis,  it  is  very  common  to  find  concurrently  a  congenital  hernia,  or,  if  a  hernia  be  not  actually 
present,  the  funicular  process  is  usually  patent,  and  almost  invariably  so  if  the  testis  is  in  the 
inguinal  canal. 

The  testis,  finally  reaching  the  scrotum,  may  occupy  an  abnormal  position  in  it.  It  may  be 
inverted,  so  that  its  posterior  or  attached  border  is  directed  forward  and  the  tunica  vaginalis  is 
situated  behind. 

Fluid  collections  of  a  serous  character  are  very  frequently  found  in  the  scrotum.  To  these  the 
term  hydrocele  is  applied.  The  most  common  form  is  the  ordinary  vaginal  hydrocele ,  in  which 
the  fluid  is  contained  in  the  sac  of  the  tunica  vaginalis,  which  is  separated,  in  its  normal  condition, 
from  the  peritoneal  cavity  by  the  whole  extent  of  the  inguinal  canal.  In  another  form,  the 
congenital  hydrocele}  the  fluid  is  in  the  sac  of  the  tunica  vaginalis,  but  this  cavity  communicates 
with  the  general  peritoneal  cavity,  its  tubular  process  remaining  pervious.  A  third  variety, 
known  as  an  infantile  hydrocele ,  occurs  in  those  cases  where  the  tubular  process  becomes  obliter¬ 
ated  only  at  its  upper  part,  at  or  near  the  abdominal  inguinal  ring.  It  resembles  the  vaginal 
hydrocele,  except  as  regards  its  shape,  the  collection  of  fluid  extending  up  the  cord  into  the  inguinal 
canal.  Fourthly,  the  funicular  process  may  become  obliterated  both  at  the  abdominal  inguinal 
ring  and  above  the  epididymis,  leaving  a  central  unobliterated  portion,  which  may  become 
distended  with  fluid,  giving  rise  to  a  condition  known  as  the  encysted  hydrocele  of  the  cord . 

The  Ductus  Deferens  (Vas  Deferens;  Seminal  Duct). 

The  ductus  deferens,  the  excretory  duct  of  the  testis,  is  the  continuation  of  the 
canal  of  the  epididymis.  Commencing  at  the  lower  part  of  the  tail  of  the  epididymis 
it  is  at  first  very  tortuous,  but  gradually  becoming  less  twisted  it  ascends  along 
the  posterior  border  of  the  testis  and  medial  side  of  the  epididymis,  and,  as  a  con¬ 
stituent  of  the  spermatic  cord,  traverses  the  inguinal  canal  to  the  abdominal 
inguinal  ring.  Here  it  separates  from  the  other  structures  of  the  cord,  curves 
around  the  lateral  side  of  the  inferior  epigastric  artery,  and  ascends  for  about 
2.5  cm.  in  front  of  the  external  iliac  artery.  It  is  next  directed  backward  and  slightly 
downward,  and,  crossing  the  external  iliac  vessels  obliquely,  enters  the  pelvic 
cavity,  where  it  lies  between  the  peritoneal  membrane  and  the  lateral  wall  of  the 
pelvis,  and  descends  on  the  medial  side  of  the  obliterated  umbilical  artery  and  the 
obturator  nerve  and  vessels.  It  then  crosses  in  front  of  the  ureter,  and,  reaching 
the  medial  side  of  this  tube,  bends  to  form  an  acute  angle,  and  runs  medialward 
and  slightly  forward  between  the  fundus  of  the  bladder  and  the  upper  end  of 
the  seminal  vesicle.  Reaching  the  medial  side  of  the  seminal  vesicle,  it  is  directed 
downward  and  medialward  in  contact  with  it,  gradually  approaching  the  opposite 
ductus.  Here  it  lies  between  the  fundus  of  the  bladder  and  the  rectum,  where  it 
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is  enclosed,,  together  with  the  serainAl  vesicle,  in  a  sheath  derived  from  the  rector 
vordeal  portion  of  the  fascia  endopcivina,  Lastly.,  it  k  directed  downward  to  the 
base  of  the  prostate,  where  it  becomes  greatly  na.m>wed,  and  is  joined  at  aa acute 
angle  by  the  duct  M  the  seminal  vesicle  to  form  the  ejaculatory  duct,  which  tra¬ 
verses  the  prostate  behind  its*  middle  lobe  and  'opens  into  the  prostata:  portion 
of  the  urethra,  close  to  the  orifice  of  the  prostatic  utricle,  Tlie  ductus  deferens 
presents  a  hard  and  cord-like  sensation  to  the  fingers,  and  is  of  cylindrical  form  ;  its 
walk  are  dense,  and  its  canal  is  extremely  small.  At  the  fund  us.  of  the  bladder 
it  becomes  enlarged  ami  tortuous,  and  tin's  portion  is  termed  the  ampulla,  A  small, 
triangular  area  of  the  fundus  of  the  bladder,  between  the  ductus  deferentes  laterally 
and  the  bottom  of  the  rectovesical  excavation  of  peritoneum  above,  is  in  contact 
with  the  rectum. 

Dneitab  Ab*mnte&-~-A  teog  narrow  tube,  the  damfos  (mu'-  abtrtmis  f 

llelitrk  is  occasionally  found  tymrj^ltd  with  the  io.w^jawrt'ofv'^h^ 

with  the  obnunenec^meot  o(  the  d\szU&  dd>rena.  Itsr  length  it 

may  become  dii&terf  towttd  it*  tv*?rcpiitv;  more  eouirnouty  k  nk.4Ui^-.the  Wine  &ltota?rer  through- 
out.  Its.  *tru^ture  iA  similar  that  v>f  the  ductus deferens. ‘‘is fui3^:imcuiini^ed' 
with  th«  epididymis.  4  second  tube,  the  ductulua  fcberr&aa  superior ,  oeturs  ia  the  head  of  the; 
epididymis;  it  V»  connected  with  tfut  rete 

Paradidymis  (wyan  .0/  'tyr<&ite)i*-~rrhm  term  is  applied  iti  .a 
tubules,  situated  o>  front  of  the  Lswer  p/irt  of  the  cord  above  the  head  fifth#  epididymis.  These 
tubes  are  lined  with  columnar  ciliated  epithelium,  and  probably  represent  the  reuiwuVa .of  $  part 
of  the  Woifhan -body.  *,  * ,  ,  .  v  T  '  yy  i  ’  7;vy\v  '  ;l  .Tv  v 

Structure. — The  dncpia  deferens  constats  of  tbne£  co^te :  ( ly  an  «xtemAS  or  co&t;  (2}  a 

rauseobr  coat  which,  m  the  gr&tfcr  pari  of  the  tube  constats  of  two  tavern  of  unstripsri  aiuscukr 
fiber:  an  Qut&r,  )ongtt'u*ihoiU  in  direction,  ahei  an  infiwt  sikmter ;  but  in  to:  tibcise,,  out-  libe 

0001125 cd cement  of,  the  ductus,  there  is  a  third  layer,  tio«  siting  o(  longitudinal  fibers,  placed 
internal  to  the  circular  fttyatum,  between  it  and  flis  imomn  smn&rtmsr,  (3)  •&  iatonwd.  or  mooras 
coat,  which  is  paler  «ad  arranged  m  longitudinal  kids.  Th^  mUcgaa  voBt  is  linefi  by  vdlumnsr 
epithelium  which  is  non-oiliated  throughout  the  greater  pari  bTilie  mb*? ;  jv  v&f  table  portion,  of 
the  testicular  end  of  the  tube  is  lined  by  two  strata  of  columnar  edPte  ami  the  cells  of  the 
superficial  lay***  are  ciliated. 


Pig.  1173.— FujkIua  of  tLe  bladder  with  tho  vo»oul«  somitialfea. 


The  Vesiculaa  Seminales  (Seminal  Vesicates)  (Fig.  1173). 

The  vesictilte  seminales  are  two  tabulated' membranous  pouches,  pj&ced  between 
the  fundus  of  the  bladder  and  the  rectum,  .serving,  as  reservoirs  for  the  semen. 


the  perns 


and  secreting  a  fluid  to  be  added  to  the  secretion  of  the  testes.  Each  sac  is  somewhat 
pyramidal  in  form,  the  broad  cad  being  directed  backward,  upward  and  lateralward. 
It  is  usually'  about  7.5  cm,-  long,  but  varies  in  size,  not  only  in  different  individuals, 
but  also  in  the  same :it>dividufd:  on  the  two  sides.  The  anterior  surface  is  in  contact 
with  the  fundus  ,C»u«Qtk  _ nesir  the-.  termination  of  the  ureter 

to  the  base  of  the  prostate.  The  posterior  surface  rests  upon  the  rectum,  from  which 
it  is  separated  by  the  rectovesical  fascia.  The  upper  extremities  of  the  two  vesicles 
diverge  from  each  other,  and  are  in  relation  with  the  ductus  defereotes  and  the 
terminations  of  the  ureters,  and  are  partly  covered  by  peritoneum.  The  lower 
extremities  are  pointed,  arid  converge  toward  the  base  of  the  prostate,  where  each 
joins  with  the  chiresponding  ductus  deferens  to  form  the  ejaculatory  duct.  Along 
the  medial .  margin  of  each  vesicle  runs  the  ampulla  of  the  ductus  deferens. 

Each  vesicle  -Consists  of  a  single  iuta,  coiled  upon  itself,  and  giving  oil  several 
irregukrm^al  diverticula;  theseparathcpils,  S3  wellas  tbediycrticula,  a«;  connected 
together  by  fibrous  tissue.  When uncoiled,  the  tube  is  about  the  diameter  of  a 
quill,  and  varies  in  length  from  10  to  IS  cm.;  it  ends  posteriorly  in  a  cul-de-sac: 
its  anterior  extremity  becomes  constricted  into  a  narrow  straight  duct,  which 
joins  with  the  corresponding  ductus  deferens  to  form  the  ejaculatory'  duct. 

Structure.-— The  veeicuia-  «eoimaic«  are  composed  of  three  coate:  an  external  or  areolar  coat; 
a  Kiddle  m  mvfacttUr  coat  thinner  than  in  the  ductus  deferens  and  arranged  ip  two  layers,  ah 
outer  Itmjp'Uidiniil  dud  inner  circular;  an  internal  <«r  mucou*  coat,  which  is  pale,  of  a  whitish 
brown  color,  and  present*  a  delicate  reticular  structure.  The  epithelium  is  columnar,  &nd:  in 
the  tlivertirula  gobJct  colla  ate  present,  the  secretion  of  which  increases  the  bulk  pf  the  seminal 
fluid. 

Vessel*  and  Nerve*, — The  arteries  supplying- the  vesicuhe  semin  alee  are  derived  from  the 
middle  and  inferior  vesical  and  middle  hemorrhoidal.  Tlte  veins  and  lymphs, ides  accompany 
the  arteries.  The  n«rV«j  are  derived  from  the  pelvic  plexuses. 

The  Bj&CttUtory  Ducts  (Diicthi»  JKj&culatorii)  (Fig,  117-1). 

The  ejaculatory  ducts  are  two  in  number,  one  on  either  side  of  the  middle  Hite. 
Each  is  formed  by  the  union  of  the  duet  from  the  vesiaija  seminalis  with  the  ductus 
deferens,  and:  is  about  2  cm.  long. 

They  commence  at  the  base  of 
the  prostate,  sod  nut  forward 
and  downward  hetiteen  its  mid¬ 
dle  and  lateral  lobes,  and  along 
the  aides  of  t.hepros-iatic  utricle, 
to  end  by  separate  slit-hke  ori¬ 
fices  close,  to  or  just  within  the 
margins  of,  the  uthlcfe.  The  ducts 
d  imiiuSh  insize,  and  alawrinyerge, 
toward  their  terminations, 

Struetore.—Tbi:  emta  of  the  ejacula¬ 
tory  ducts  are  cxtroniely  thiii.  They 
are:  no  enter  fibrous  layer,  which  is 
almost  entirely  lost,  after  tbe  aril  ranee 
of  the  ducts  info  tlte  prostate;  a  buyer 
of  muscular  Abets  cofisistihg  of  a  Him- 
outer  circular,  mu!  an  inner  lotijptu* 
diual,  layer  ,  and  mucous  membraae. 

‘  '  The  Pettis. 

The  penis  is  ft  pendulous  organ  .suspended  from  the  front  and  sides  of  the  pubic 
arch  and  Containing  the  greater  part  of  the  urethra.  In  the  flaccid  cp.qditifoi  it  is 
cylindrical  in  shape,  but.  when  erect  .-assumes  the  form  of  a  .triungular  prism  with 
rounded  angles,  one  side  of  the  prism  forming  the  dorsum,  ft  is  composed  of 
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FK.  vJ'irtii*  Jetor?- 

inha  tli*  trouU  The  hutefr}oi-'*nU$4J&  kh>e}?f.fi  aujpaifa, 
UJb  #tvuT&l  veaioK  *nd  protrtAhio  ugs&f  &  b* v*»  Jbren  nnrsiy . 
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three  cvlindrh  ul  rriii.vs cs  of  pavemou*  tissue  houbd  together  by  fibrous  tissue  and 
covered  with  skin.  Two  of  the  musses  are  lateral,  and  are  known  as  the  corpora 
cavernosa  penis ;  tin-  third  is  median,  and  is  termed  the  corpns  cavaraosum  urethrae. 
(!T;>.  117o,  llTh). 

The  Corpora  Cavernosa  Penis  form  the  greater  part  of  the  substance  of  the 
penis,1  For  their  anterior  tbri^iourths  they  lie  in  intimate'  apposition,  with; 
aphthae  imt.  .behind  They  diverge  in  the  form  of  two  tapering  processes,  kmmvx 
as  the  emra.  Which  art  firmly-  connected  to  the  rami  of  the  pubic  arch.  Traced 
from  behind  forward,  eadrerus  begins  by  g  blunt-pointed  process  iti  front  of  the 
of  j;he  ischium.  Just  before  it  meets  its  fellow  it:  presents  a  slight  eularge^ 
meat.  o  oTicd  Uv  fc.Wt  the  bulb  of  the  corpus  caveraosum  penis.  Beyond  this  point 
the  crus  undergoes  a  constriction  and  merges  into  the  corpus  cavernosuni  proper, 

which  retains  &  uniform  diameter  to  in, 
t  '  anterior  end.  Each  corpus  cav ernohiiin 

penis  ends  abruptly  in  a  roundel  es- 
tremity  some  distance  from  the  point  of 

/  alii  The  corpora cavernosa  peois  are  sur- 

I.  rounded  fey  at  ;^uv^^}>e 

p  xtiitsjitilig  of.  ‘$p^. 

■■  /  .f  The  super  fiend  fibers  ore  longuudioal  in 

F;  i  direeriofu  md  iorip  a- si; 
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endoses.  both  corpora  ythe  derp.  bpt 

amngtsi  circularly  arajiad  m <h  mtpir*, 
and  form  bythw  jutVetiOit  In. the  median 
plane  the  septum  of  the  penis.  '  This  is 
thick  and  coiiipteie  behind,  but  is  imper¬ 
fect  in  fbmt,  w  here  tfc  eunsi^tfs  of  a  series 
of  vertical  bands  aito nged  like  the  teeth 
of  a  comb;  it  is  therefore  t^Jited  the  sep- 
turn  pectiiuforme. 

The  Corpus  Cavernasma  Cretin® 

ixoffip#  $paft<yvm(ni)  TmfeWri  the  urethra. 


Dorsal  vein*  Dorsal  itfiffff  iwd  ww 


'0£4%$*k 


COi f&t** 


■tiw.  -Tbc  .'■•wu<j?itiiOu  eayernou*  e>  Knife  r*  <>i 

‘the  |*f»pU  Ti*e  gUi-O  tf/nt  :upv?t$«V  part ->>f  Ure  wjVpujj 
c^vernc»^*J^«  &tp  4Gt.««;tikyJ  irr» m  the  •’.oritot'H, 

.9u*tvrfnt&*  ed\w  Ainl  iur/icd  tv  onG  si«V 


QifpuS  -cavcrm&titn,  ureihn? 

'fjii,.  t4TCv^Trr*u«»>T^e  wU/>n  \fl  ill*  ;***«». 

Behind,/  it  k  expanded  to  form  the  urethra!  I, ml. it,  md  lies  iu  apposition  with  the 
inferior '.fascia  of  the  urogenital  diaphragm,  from  which  d  receives  n  hbroui  inv*  :c  - 
merit.  The  urethra  enters  the  bulb  nearer  to  the  upper  than  U>  the  lower  surface. 
Oh  tte  latter  fliere  is  a  median  .sulcus,  from  winch  a  fcfaiu  fibrous  septum  project* 
into  tUe  *ubst;mee  of  the  bull?  and  divides  it  imperfectly  into  two  lateral  lobes  or 

The  f.M>n  i< *Ti  of  the  corpus  caveruosuDi  virethnu  in  front  of  trie  bulb  hes  in  a 
gr*>oyc  t-m  rhe  under  surface  of  the' conjoined  corpora, .rctyeruosa  perns,  It  is  cyliiW 
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drical  in  form  and  tapers  slightly  from  behind  forward.  Its  anterior  end  is  expanded 
in  the  form  of  an  obtuse  cone,  flattened  from  above  downward.  This  expansion, 
termed  the  glans  penis,  is  moulded  on  the  rounded  ends  of  the  corpora  cavernosa 
penis,  extending  farther  on  their  upper  than  on  their  lower  surfaces.  At  the  summit 
of  the  glans  is  the  slit-like  vertical  external  urethral  orifice.  The  circumference 
of  the  base  of  the  glans  forms  a  rounded  projecting  border,  the  corona  gl&ndis, 
overhanging  a  deep  retrogl&ndular  sulcus,  behind  which  is  the  neck  of  the  penis. 

For  descriptive  purposes  it  is  convenient  to  divide  the  penis  into  three  regions: 
the  root,  the  body,  and  the  extremity. 


The  root  ( radix  penis)  of  the  penis  is  triradiate  in  form,  consisting  of  the 
diverging  crura,  one  on  either  side,  and  the  median  urethral  bulb.  Each  crus 
is  covered  by  the  Ischiocavernosusy  while  the  bulb  is  surrounded  by  the  Bulbo- 
oavernosus.  The  root  of  the  penis  lies  in  the  perineum  between  the  inferior  fascia 
of  the  urogenital  diaphragm  and  the  fascia  of  Colies.  In  addition  to  being  attached 
to  the  fasciae  and  the  pubic  rami,  it  is  bound  to  the  front  of  the  symphysis  pubis 
by  the  fundiform  and  suspensory  ligaments.  The  fundiform  ligament  springs  from 
the  front  of  the  sheath  of  the  Rectus  abdominis  and  the  linen  alba;  it  splits  into  two 
fasciculi  which  encircle  the  root  of  the  penis.  The  upper  fibers  of  the  suspensory 
ligament  pass  downward  from  the  lower  end  of  the  linea  alba,  and  the  lower  fibers 
from  the  symphysis  pubis;  together  they  form  a  strong  fibrous  band,  which  extends 
to  the  upper  surface  of  the  root,  where  it  blends  with  the  fascial  sheath  of  the  organ. 
The  body  (corpus  penis)  extends  from  the  root  to  the  ends  of  the  corpora  caver¬ 
nosa  penis,  and  in  it  these  corpora  cavernosa  are  intimately  bound  to  one  another. 
A  shallow  groove  which  marks  their  junction  on  the  upper  surface  lodges  the 
deep  dorsal  vein  of  the  penis,  while  a  deeper  and  wider  groove  between  them 
on  the  under  surface  contains  the  corpus  cavernosum  urethne.  The  body  is 


1260 


SPLANCHNOLOGY 


ensheathed  by  fascist*  whteh.  is  continuous  above  with  the  fascia  of  Scarpa,  m<i 
below. with  the  tj&rtos  runic  of  the  scrotum'  and  the  fascia  of  Colies, 

The  extremity  is  ^  the  ghuis  penis,  the  expanded  anterior  end  of  the 

corpus  e^vv'ernostiin  urct  hne,  it  is  separated  from  the  fx^iv  by  the  coMtn\ted 
neck,  yrhicii  is  overhung  by  the  cofi>n&  gkndls* 

The  mtegumeut:  £(tyerjftg  the.  penis  is  remarkable  for  its  thinness.  Jts  dark  color, 


scrotum,  and  perineum-  At  the  neck  it  leaves  the  surf  ace  arid  becomes  folded 
upon  itself  to  form  the  prepuce  or  foresto.  The  int^rnai  layer  of  the  prepuce  k 
directly  eoritinuous,  along:  the  line  of  the  neck,  with  the  integument  oyer  the  gJitto. 
Immediately betuuct  the  exteriud  uretlnrai  Orifice  it  forflas  ^  sroaf l  aniy- 

plication,  attached  aiphg  tlie  bottom  t\i  a  depressed  median  rxpbfy.  wimii 
from  the  mcatnid  to the h'cckvthl*  'fold  k.  te  jibed  the  i rsnaina*  of  the  The 

integument  covering  the  gJans  is  continuous  with  the  urethml  muem^;  membrane 
at  the  £>rifiec>it  k  devoid  from 

of  small, 

yldfi^  j|  | . .  . | 

a  sebaceous  material  peculiar  odor,  which  probably  tains 5 • 

readily  decHuupushKm;  when  mixed  with  discarded  epithelial  eefk  ft  k 

called  srm-gimu 

The  prepuce  covers  a  variable  amount  of  the  gUnsy  atfd  is  separated  fruni  if 
by  a  potential  §ac— the  pra^udal  aac- which  presents  two  shallow  fossa?,  one  on 
either  side  of  the  Iremilmn. 

Structure  of  ihfe  PfKjifc.^lAom  the  internal ‘A  tte  fibrogy  i^velape  atf  the  torpor* 
cavernosa  pants,  m  vr^il  as  fr’ony. of  the  septum, numerous Lwnie  or  cortfc.kir.  given  off, 

which  cross  the  inter?**  of  thf&c  ofle- 
pera  cavernosa  in  a.tl  tih^ubu*.  5ut> 
tlivicUng  them  into  a  number  of 
rate  compartments  and 
til  tire  structure  a  spungy  appear^* 
(Fig.  1173).  ' .  Those bands- .;. and '  ritak- 
are  q&lied  trabeculae  imd  eftfotet.  W 
white  fibrous  tissue,,  elastic  fibers,  vui 
plain  muscular  fibers,  la  them 
^uitaimd  rLiunerous  arteries  and  nervfc?* 
Tlid  comiHm^ot  fibers  which  fom  irc 
trabecula?  are  larger  and  ^rua^jr 
around  the  erniuihfep^swv? than  at  the 
0f  the  corpora  UarcorKwe:  jtep 
iure  also;  tbfcker  h^mml  than  in  irint 
The  interspaces  (caverrmu*  tap&w*/,  ^ 
the  ood tmytl  ate  W#*r  at  the.  renter 
than  at  the  cinaauforeiS),^.  thyii  lou^ 
diameter#  being  directed  imisvsrsely 
They  are  filled  with  blood,  and  sue 
lined  by  a  layer  of  flattened  cells  •ion- 
ilor  to  the  cndotbehaJ  6mug  of  yui&- 
The  fibrous  envelope  of  the  corpus 
cayemosuto urethra  k  ..thitmet, 
in  color,  and  more  elastic  than  *h**  of 
.  _  .  7  ‘  "v  V  ;  '  .V  the  corpora  caV^iipsa  pfcntei  *ihe  Wafee v  - 

ulse  arv'  ruoredeJieatef  .iiesdy  uniform  in  siae,  the  meshes  between  thciti  stn^il«r;  tfaui  in  fW 

eorito’ra  iiavurnosa  peak’  their  fang  dkmeurn*,  iof  (he  most  part,  ct/r^ponding  ^\|h  than  of 
the  penis.  The  ext erntd  ehveiO(ie  or  outer ^  eoai  of  the  corpus  cawriosisin-  uretht^  'i> 
pttrdy  oi  imsttiped  umscuiar  fibers,  and  a  layer  of  the  }&&$#&  tk»ue ;iiouni»di5it4>]y 
cunai  the  uiTihni. 

Vsaselayihcl  Naws,— The  arteries  bnngiug  f ho  blood  to  tbp  cavcniotie 
artsnes  of  1  lie.  p^nis  and  branches  from  the  dorsal  arteries  of  the  p^nis.  which  porf*oratft  tb»:T(hi<-<> 

•  »iu  XU  COcarrfo t nUfOiationaJ  Motscaw,.  JiS^T i  a*m*rU  tto*l  • 

found  oo  lbe.  corona  ^kruiis,  nut)  tlutt  w^ut  hekVo  fttihurtp, .been'.  tor  uiand#  r*e«iU*  l^ir*  -  ^  '  V; 


L-c? 


Tk\  i  1?K. — VtKitiou  of  l  orpuis  naVteaitWiKf  pertly  in  u  aon^if^ 
tended  r-oaiddon..  fCudmt  J  ;  «.  TVubt-r.rJjr-  <>tf  cwme&ie  'imm** : 
wmi  mAUV  uftd  bundle  o(  |4m  fi&m*. 

%0£he  of  $rfd$k  A**  Jcifr ccj.  0;  .  '  •.  - 
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cspeulc,  &!<?ug,  the?  upper  surface.  especially  m?&r  the  Id  rep  art  «of  fcbe  or^aa.  <Tq  mtermg  the 
csyttnmid  structure  tb*  nrterim  divide  into  bran  chef?,  which  are  jaipported  iapdt^OoW^  by  the 
trfibftcul^.  ik»me.  of  1  hose  arterie?  zmS  iti  &  r..*pili&fy  pot- Work,  the.  branchtesof  tvWKo^n  directly 
into  th?y  cwv'?mbua  Jjpface^i  Others  assume  a  tendril-tike  appeanm«ce,  and  form  convoluted  \\mi 
somgti&at  dilated  vessel*.  wht'eh .  qrer*  named  by  hlUilar  h*licu>s  amries.  Tb£r  «t>pen  into  the 

' '  '*  ■••  '•  ‘  :  -r<  'V  •’*  ':•'•■•  >,v.,.W..-  C  JlV/S**f*0O©  .  •'.;  s  ■,■'••»  ,■  .:‘yv,  '.-\v..\y.  >•'  •  ••  •  ••'■''' 

*huhc*i  .  •  J 


AAf*o&  caw*  **o*ort» 


pon«Aiv  a  imnv 


ftt,***  rcNia 


-^OftAjOik 

IMA^iuH  1  ;.i 


.  toUUifeiir 
'o%  enirt&n 


lure  .  They  are  bound  dovfu ;  iid  tbfc  spa***  by  hue  fibrous  proefetoesj  and  typ] 
in,  iiurc  of  (K JiT-  *?  ii) ,  '  :  ' 

The  blood  from  the  cavernona  updcejr  ia  ■  ^%'SBl 

returned  b>:  a,  series  of  vessels,  some  ot  - 
which  '.ernbrjge  ;:m  ■  ^osiderable  numbers-.''  gr  • 

from  the  base  of  the,  gh*ns  pcuur  and 

converge  on  the  dorsum  of  the  •  organ  to  /  A 

♦orm  the  deep  dorsal  vein  ,<:»  there  pass  out  \j£-\  .'/./'JrSjt 

on  the  upper  eiiifaciHrf. the  i^rpOTa  ehver-  fifeu^Ljg^fl 

nosa  fti>d  join  the  same  vein;  some  emerge 

from  the  Under  surface  of  the  -corpora  S^^wrT$w| 

cavernosa,  penis  and  bmnehea? 

from  the  corpus  eavfimuauhi  urethra-,  wind  S^rwHl 

around  the  aides  of  the  penis  to  fetid  m  the 

dfsep  dorsal  veiny  but  t\ie  ^atvr  mirnber  fe 

pass  out  at  the  root  of  the  penis  ami  &  xSKw 


ipm  the  pncwatfi  tie  plexus. 

The  lymphatic  vessels  of  the  penia  are 


dosent^d  on  page  717. 

The  st*rve«  itrc  derived  from  the  pudcn- 
dal  nerve  and  the  pelvic  plexuses,  On  the 
glams  pud  bulb  ^laments  of  the 

eut.aaemis  nerves  have  Pacinian  bodie* 
conneoted  with  them,  and.  according  tu 
Krause*  many  of  them  end  in  peculiar  end- 
bulbr  /see  page  1068). 


TBj0  Prostate  tProstefca;  Prostate 
Gland,!.  (Fig.  MM.).  •  •'-  ■ . 

Thg  prostate  is  .n  firm.  partly 
gtawiolar  !snd ;  partfy  iiiusghhr  body, 
which  Is  placed  tmnjeiijatch  bejow 
.the  Ifiterpol  dfethral  orifice  ariji, 
around  the  commencement  of  the 
urethra,  'It  is  situated  ip  the  pel  vie  cavity,  below  the  lower  part,  of  the 


>;yr4«tfc*rf»v  vetfv 

ruoic  yelii 


Jill  1  \0  -rrVmwt  cA  ;t Jm  ( Twl  ut4 


pu'niv.  'above  the  superior  foou  of  the  urogenital  disiph ragm,  and  in  froiit  ot 
the-  rpetlitn,  through  which  it  tp&y  be  dfatinctly  felt,  especially  when  tuilargevi. 
It  is  about  the  si of  a  chestnut  and  somewhat  conii-ul  in  shape,  arid  pres'ent^.for 
rycariiinatioa  a  base,  an  *pe*.  an  anterior,  a  posterior,  and  two  lateral  surfaces. 
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The  has  o  (bam  prortqtm)  is  .directed  upward,  and  is  applied  to  the  inferior 
surface  of  the  bladder,  The  greater  part  of  this  surface  is  directly  continuous 
with  the  bladder  Hall;  the  urethra  rate*  it  nearer  its  anterior  than  its 

posterior  border. 

The-  apex  (apex  pro#M<t)  is  dueetw!  downward,  and  is  in  contact  with  the 
superior  fascia  of  the  Urogenital  diaphragm. 


Surfaces. — The  posterior  surf  alee ;  ffiicfes  '  fron?:  side  tp  spie 

and  slightly  convex  from  sboiVe  downward;  jt  is  sepambrit  from  the  rectum  by  its 
sheath  and  some  loose  Contieetiv);  tisgtie,  and  is  dist«ri.t  about  4  cm,  from  the  anus. 
Near  its  upper  border  there  is  a  depression  through  winch  the  two  ejaculatory 
ducts  enter  the  prostate.  This  depression  serves  to  divide  the  posterior  surface 
into  a  lower  larger  and  an  upper  smaller  jw.it.  The  upper  srnbfier  imrtcvinstitutes 
the.  middle  lobe  of  the  prostate  mid  intervenes  between  the  ejaculatory  ducts  and 
the  urethra;  it  varies  greatly  in  size,  and  in.  some  cases is  destitutebf  glandular  tissue. 
The  lower  laiger  portion  sometimes  presents  a  shallow  mediart  fitrsw,  which 
imperfectly  separates  it  into,  a  right  and  a  left  lateral  lobe:  these  fortn  the  main 
mass  of  the  gland  and  are  dirccdy  coin  umcm-s  with  each  other  behind  the  urethra. 
Iu  front  of  the  urethra  they  arc  omtoeirieil  by  »  band  which  is  named  the  isthmus : 
this  consists  of  the  same  tissues,  as  the  enpsftUi&nd  is  devoid  of  glandular  substance. 

The  anterior  surface  (/.!,'■■■■;;  mm-ww  n:(MMins  about  2v3  cm.  from  abovedown  ward 
hut  is  narrow  and  convex  from  side  to.  .side.'  It  is  placed  about  2  cm.  behind  the 
pubic  symphysis,  from  w  hich  it  is  separated  ami  a  quantity 

ol  loose, i’at-  It  is  connected  to  the  pubic  bone  on either  side,  by  the  puboprostatic 
ligaments.-  The  uret  hra  emerges  from  this  surface  a  little  above  and  in  front  of  the 
a($*e$  of  the  glapd.  ' '  .... . b’yv  Tba 

The  lateral  surfaces  sire  prominent,  and  are  covered  by  the  anterior  .portions  of 
the  Levatores  ani,  which  are,  however.  separat'd'  the  gland  by  a  plexus 
of  veins. 

The  prostate  measures about  1  cm.  .transversely  at  the  base,  2  cm.  in  its  antero¬ 
posterior  diameter,  tm>(  d  cm,  in  its  vertical  diameter  Its  weight  is  about  S  gnu 
It  is  held  in  its  posit  ion  by  the  puboprostatic  ligaments;  by  the  superior  fascia  of 
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the  urogenital  diaphragm,  which  invests  the  prostate  and  the  commencement 
of  the  membranous  portion  of  the  urethra;  and  by  the  anterior  portions  of  the 
Levatores  ani,  which  pass  backward  from  the  pubis  and  embrace  the  sides  of 
the  prostate.  These  portions  of  the  Levatores  ani,  from  the  support  they  afford 
to  the  prostate,  are  named  the  Levatores  prostate. 

The  prostate  is  perforated  by  the  urethra  and  the  ejaculatory  ducts.  The 
urethra  usually  lies  along  the  junction  of  its  anterior  with  its  middle  third.  The 
ejaculatory  ducts  pass  obliquely  downward  and  forward  through  the  posterior 
part  of  the  prostate,  and  open  into  the  prostatic  portion  of  the  urethra. 

Structure. — The  prostate  is  immediately  enveloped  by  a  thin  but  firm  fibrous  capsule, 
distinct  from  that  derived  from  the  fascia  endopelvina,  and  separated  from  it  by  a  plexus 
of  veins.  This  capsule  is  firmly  adherent  to  the  prostate  and  is  structurally  continuous  with 
the  stroma  of  the  gland,  being  composed  of  the  same  tissues,  viz. :  non-striped  muscle  and  fibrous 
tissue.  The  substance  of  the  prostate  is  of  a  pale  reddish-gray  color,  of  great  density,  and  not 
easily  torn.  It  consists  of  glandular  substance  and  muscular  tissue. 

The  muscular  tissue  according  to  Kolliker,  constitutes  the  proper  stroma  of  the  prostate; 
the  connective  tissue  being  very  scanty,  and  simply  forming  between  the  muscular  fibers,  thin 
trabeculae,  in  which  the  vessels  and  nerves  of  the  gland  ramify.  The  muscular  tissue  is  arranged 
as  follows:  immediately  beneath  the  fibrous  capsule  is  a  dense  layer,  which  forms  an  investing 
sheath  for  the  gland;  secondly,  around  the  urethra,  as  it  lies  in  the  prostate,  is  another  dense 
layer  of  circular  fibers,  continuous  above  with  the  internal  layer  of  the  muscular  coat  of  the 
bladder,  and  blending  below  with  the  fibers  surrounding  the  membranous  portion  of  the  urethra. 
Between  these  two  layers  strong  bands  of  muscular  tissue,  which  decussate  freely,  form  meshes 
in  which  the  glandular  structure  of  the  organ  is  imbedded.  In  that  part  of  the  gland  which  is 
situated  in  front  of  the  urethra  the  muscular  tissue  is  especially  dense,  and  there  is  here  little  or 
no  gland  tissue;  while  in  that  part  which  is  behind  the  urethra  the  muscular  tissue  presents  a 
wide-meshed  structure,  which  is  densest  at  the  base  of  the  gland — that  is,  near  the  bladder — 
becoming  looser  and  more  sponge-like  toward  the  apex  of  the  organ. 

The  glandular  substance  is  composed  of  numerous  follicular  pouches  the  lining  of  which  fre¬ 
quently  shows  papillary  elevations.  The  follicles  open  into  elongated  canals,  which  join  to  form 
from  twelve  to  twenty  small  excretory  ducts.  They  are  connected  together  by  areolar  tissue, 
supported  by  prolongations  from  the  fibrous  capsule  and  muscular  stroma,  and  enclosed  in  a 
delicate  capillary  plexus.  The  epithelium  which  lines  the  canals  and  the  terminal  vesicles  is  of 
the  columnar  variety.  The  prostatic  ducts  open  into  the  floor  of  the  prostatic  portion  of  the 
urethra,  and  are  lined  by  two  layers  of  epithelium,  the  inner  layer  consisting  of  columnar  and 
the  outer  of  small  cubical  cells.  Small  colloid  masses,  known  as  amyloid  bodies  are  often  found 
in  the  gland  tubes. 

Vessels  and  Nerves. — The  arteries  supplying  the  prostate  are  derived  from  the  internal 
pudendal,  inferior  vesical,  and  middle  hemorrhoidal.  Its  veins  form  a  plexus  around  the  sides 
and  base  of  the  gland;  they  receive  in  front  the  dorsal  vein  of  the  penis,  and  end  in  the  hypogastric 
veins.  The  nerves  are  derived  from  the  pelvic  plexus. 


The  Bulbourethral  Glands  (GlandoteBnlbourethrales;  Cowper’s  Glands). 

The  bulbourethral  glands  are  two  small,  rounded,  and  somewhat  lobulated  bodies, 
of  a  yellow  color,  about  the  size  of  peas,  placed  behind  and  lateral  to  the  membran¬ 
ous  portion  of  the  urethra,  between  the  two  layers  of  the  fascia  of  the  urogenital 
diaphragm.  They  lie  close  above  the  bulb,  and  are  enclosed  by  the  transverse  fibers 
of  the  Sphincter  urethree  membranaceae.  Their  existence  is  said  to  be  constant: 
they  gradually  diminish  in  size  as  age  advances. 

The  excretory  duct  of  each  gland,  nearly  2.5  cm.  long,  passes  obliquely  forward 
beneath  the  mucous  membrane,  and  opens  by  a  minute  orifice  on  the  floor  of  the 
cavernous  portion  of  the  urethra  about  2.5  cm.  in  front  of  the  urogenital  diaphragm. 

Structure. — Each  gland  is  made  up  of  several  lobules,  held  together  by  a  fibrous  investment. 
Each  lobule  consists  of  a  number  of  acini,  lined  by  columnar  epithelial  cells,  opening  into  one 
duct,  which  joins  with  the  ducts  of  other  lobules  outside  the  gland  to  form  the  single  excretory 
duct. 


THE  FEMALE  GENITAL  ORGANS  (ORGANA  GENITALIA  MUUEBRIA). 

The  female  genital  organs  consist  of  an  internal  and  an  external  group*  The 
internal  organa  are  situated  within  the  pelvis,  and  consist  of  the  ovaries,  the  uterine 
tubes,  the  uterus,  and  the  vagina.  The  external  organs  are  placed  below  the  urogenital 
diaphragm  and  below  and  in  front  of  the  pubic  arch.  They  comprise  the  mons 
pubis,  the  labia  majors  et  minora  pudendi,  the  clitoris,  the  bulbus  vest! bull,  and  the 
greater  vestibular  glands. 

The  Ovaries  (Ovaria), 

The  ovaries  are  homologous  with  the  testes  in  the  male.  They  are  two  nodular 
bodies,  situated  one  on  either  side  of  the  uterus  in  relation  to  the  lateral  wall  of 
the  pelvis,  and  attached  to  the  back  of  the  broad  ligament  of  the  uterus,  behind 
and  below  the  uterine  tubes  (Fig.  1182).  The  ovaries  are  of  a  grayish-pink  color, 
and  present  either  a  smooth  or  a  puckered  uneven  surface.  They  are  each  about 
4  cm.  in  length,  2  cm.  in  width,  and  about  8  mm.  in  thickness,  and  weigh  from  2 

Lfytmmt  of  1 


u  Wtkdgi- 


Ostium 

iibd&fitSn’jI# 

Ovarian  jtuihria 


Ovarian 
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ExttTiml  u  U‘Ti:4\  or  iff  w 


Fkj  11S2. — U tenia  and  right  broad  ligament,  awn  from  behind.  The  broad  ligament  has  been  spread  out  and  the 

ovary  drawn  downward. 


to  3.5  gm.  Each  ovary  presents  a  lateral  and  a  medial  surface,  an  upper  or  tubal 
and  a  lower  or  uterine  extremity,  and  an  anterior  or  mesovarion  and  a  posterior 
free  border.  It  lies  in  a  shallow  depression,  named  the  ovarian  fossa,  on  the  lateral 
wall  of  the  pelvis;  this  fossa  is  bounded  above  by  the  external  iliac  vessels,  in  front 
by  the  obliterated  umbilical  artery,  and  behind  by  the  ureter.  The  exact  position 
of  the  ovary  has  been  the  subject  of  considerable  difference  of  opinion,  and  the 
description  here  given  applies  to  the  ovary  of  the  nulliparous  woman.  The  ovary 
becomes  displaced  during  the  first  pregnancy,  and  probably  never  again  returns 
to  its  original  position.  In  the  erect  posture  the  long  axis  of  the  ovary  is  vertical. 
The  tubal  extremity  is  near  the  external  iliac  vein;  to  it  are  attached  the  ovarian 
fimbria  of  the  uterine  tube  and  a  fold  of  peritoneum,  the  suspensory  ligament  of 
the  ovary,  which  is  directed  upward  over  the  iliac  vessels  and  contains  the  ovarian 
vessels.  The  uterine  end  is  directed  downward  toward  the  pelvic  floor,  it  is  usually 
narrower  than  the  tubal,  and  is  attached  to  the  lateral  angle  of  the  uterus,  immedi¬ 
ately  behind  the  uterine  tube,  by  a  rounded  cord  termed  the  ligament  of  the  ovary, 
which  lies  within  the  broad  ligament  and  contains  some  non-striped  muscular 
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fibers.  The  faicwt  surface  is  in  tj&iit&frt  with  the;  parietal  peritoneum,  which  lines 
the  ovarian  fossa ;  the  medial  .wrfocc  h  in  a  large  extent  covered  by  the  fimbriated 
extremity  of  the  uterine  tube  The  mettwariari  border  is  straight  smd  is  directed 
toward  the  obliterated  umbilical  artery,  and  is  attached  to  the  back  of  the  broad 
ligament  1>s:  a  short  fold  named  the  taesovariuso.  Between  the  two  layers  of  this 
fold  the  bloodvessels  ar.u  nerves  past?  to.  reach  the  hiluirp  of  the  ovary,  Tim  free 
border  is  Convex,  and  is  directed  toward  the  ureteri  The  uterine  tube  arches  over 
the  ovary,  running  upward  in  relation  to  its  mesovarian  border,  then  curving  over 
its  tubal  pole,  ami  finally  passing  down  ward  enf  its  free  border  and  medial  surface. 


Fia.  Adult  o^try.^  »y^oot>aorp‘i.  utwrirm  tub*^  (FHko  Farre,  after  Kobr.lt.)  a,  a.  Epoonhorott  formed 

iroas  u*e  upper  .part  of  UmWollSita  body.  b.  Hornoin.a  of  the  uppermost  tuhsK  4otui«ibuo8  foTmitutltydatufs.  r.  Middle 
mt  oi  tub**-  if,  .Some  l*3h»^r  atrophied  tubs*!.  c  Atrophied  remain  of  Wolffian.  dqnt.  /.'This  W«i>iual  bulb  ot 
bydat.'d,  A  The  uteftnh  tufcft  i.  Qy  Ootid  iitvtto.hud  tu  the  wrerMity  /,  This.  *.«v wy* 


Epoopiumro  {parmiriim;  w$m  of  liMcnmutiet)  (Pigs.  11S2,  1183].  — The 
eponphoron  lies  in  the  mesosalpinx  between  the'oy^.and  the  utetiue  tube,  and 
■consists  of  a  few  short  tubulea  (dactuil  trafflsvorsi)  which  converge  toward  the  ovary 
While  their  opposite  ends  <»?*-!»  into  a' 

rudimentary  duct,  the  ductus  krneitu-  *  j'  :.~ 

dinilte  epobphorHaurt  of-  flgrttUirti ,  ’  V.  { 

Paroophoron.  —  The  pnrwpboron  ;  /  •'- 

consists  of  a  few  scattered  rudimen-  /v;_'-y 

tary  tubules.  b?*i  seen  w  the  cjtikl,  \  '  .  ,  \ 

tween  the  Ppoiitiib^bfi  arid  the  uterus. 


The  ductnli  traesversi  of  i  lie  spa-  | 
ophoron  apd  the  tubules  of  the  paro¬ 
ophoron  are  remnants  of  the  tubules 
of  the  Wolffian  body  pr  njestinepbroa; 
the  ductus  longitudinaljs  epodphort  is  a 
persistent  portion  of  the  Wolffian  duct. 

In  the  fetus  the  ovaries  are  situ¬ 
ated,  like  the  testes,  in  the  lumbar 
region,  near  the  kidneys,  but  they 
gradually. descend  into  the  pelvis  (page 


.  ri  ;;  :rr. 

Txa,  HtU^r-Sedtfoo  of  the  ovary.  (After  Scliroa.)  !. 
Outer  pwreriog.  i*~  tevtich.-xi  border.  2.  Conical  stroma. 

•T-.rtphr«r»il  utroruP.  -’t,  5.  Veatcutarfoitietae 

ili  their  earliest  Btaipv  .6,  7*  &.  Mora  advanced  follicles  0, 
TAaturo/onide.  IT,  "jTcillide  from  which  the  ovum 
W-  Corpus  Juicdm- 


StrGct&x®  (Fig.  118&h — ■ The  surface  of  the  ov&ty  i*  'dtyfiwd  by  a  layer  of  columnar  cells  which 
HCoaatituU*  the  fanaiaiJ  spitbeliuta  of  WiMeyer.  Tim  eprlhe)ium  gives  to  tine  ovary  a  dull 
gray  color  m  compared  with  the  shifting  smwtimcm  of  the  peritoneum;  and  the  transition  be¬ 
tween  the  squaniou#  epithelium  of  the  pt&iurtv eum  and  the  columnar  cells  which  cover 
ovary  is  usually  marked  by  a  tine  around  the-  unt tjriov  ladder  of  the  ovary.  The  ovary  craniate 
of  a  number  of  vehicular  ovarian  follicles  itubeddedla  the  inches  of  a  sjtrbma  or  iiame-work. 


tm 


SPLASXWXOJjOGY 


Tb*  stexim*  is  »  peculiar  soft  tissu*,  abundantly  supplied  with  btruxlriwadk,  coiwhting  f/>r  the 
mewl  pari  of  spuulkMshaped  e^jDla.  with  a  small  amount  J  orditutry  connective  tissue  Tbipse 
.$*11$  haw  been  regarded' .% .  mom  anatomists  aa.  utistripcii  muscle  «em  Which,  indeed*  titey 
most  reaecrtble;  by  nthm  as  co  nnecti  ve~  t,h*f  ue  cdl *  On  the  surface  of  the  organ  this.  tissue  >s 
much  Modenaedj  ami  form*  *  layer  taa*ca  composed  of  shor t  coaur^t. jvo*f ts^ue 

fiW»«  With  fusiform  wib  between  them.  The  stroma  of  the  ?rvary  may  contain  interstitial  cell® 
resembling  thoae  of  the  triette 

Vesicular  Onuri&a  Ftellicde#  (  tirmifion  }' $foi<x)^Vpon  leaking  a  seetiofi  of  an  ovary,  numerous 
round  truodparvnt  V6*icle»  of  variOO^  are  to  bo  «e<6n;  they  &Te  the  follicle*?,  or  ovisacs  coto- 
tbfe  oyai  Imrjiediarely  beneath  the  Sriptkfkm]  covering  w>  a  layer  <\f  etmma,  in  which  are 
a  l&rge  ninhber  of  lainufe  v&eicies  of  tiiiifojrm  ■%?,  about  0$£5  cam.  in  diameter.  Theeact  are  the 
follicles  in  their  .«^rtimf  /wlijelr^ has  been  teamed  the 

conceal  Uyei .  They  are  e^aeeijilly "  n ufiieroua  in  the  ovary  of  the  yoitng  child.  After  pubert y, 
and  during  the  Whole  *j»f  ih&  x&ihkbeuriaif  period,  krge  and  mature*  ur  ahnosi  mature  follicles 
are  also  found  in  tajfe  W/rtirid  bty er  in  small .  -ntfmfy#**  aja&'  -'*  the  temuuns  of 

fnllirtlfes  yrhich  have  burnt  and  &h?  uridnrgniri^  atrophy  and  ttK«iorj>tmte^  B«ughih  this  fcuperficiiJ 
stratum,  other  forge  and  rnetre  or  malum  Idbmfcs  arefound  mibeddwTinriie  ovarian  stroma- 
^PhcSe  tfdom^  ift  as  vfey  r**wfe  from  the  surface  fo ward  &'fty$}y  Ifmc&lifr  stnrma  in  the 
center ;*>f -.th#  orga/i,  formed  the  medoDary  substance  (zonri  v\i*tvlo$a  &f  W&(de$&ih  This  strixam 
the  fiilum  by  which  the  ovar>^  is  ached,  and  through  vihfifa  i’fe  bloodvcssfcls 
gnftgr;  it  d'^nxVt  contain  any  follicles. 

The  larger'  f/ilhdes  i  Fig,  U$5ke»mri*fc  of  an  extertud  fibrbriiactifor  vi*at,  ooune<:t*yj  vixb  rhe 
eurrourniiag  rimraa  of  the ovary 'fey  a  wet-work  - »£ blopdv«5wfs:;.MKi  an  infeerimi  e^trwhich  com 

of  several  of  nucleated 
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refe:  caileii  th«  membt^nai  ^raaulos^ 

At  ora?  part  of  the  mat  me  follide  the 
ceils  of  the  meiobnina  ^ramdoisn  are 
coiled ed  mn/  a  maaa.  pirtjc^Xi 

into  the  'rj&xtV'  W  the  foiitclc:.  Tfd;< 
is  termed  #ictss  pr*>U4r»'ftca>  -  wad 
in  it  the 'ovum  is.  vrob^ded.-  Vhe 
;:-;  foUihW.  ermtiun^'tt  tTftjwp^rent'  . 

•■  -q^,  fluid.-'  • 


IKiCw  %&**$??<*- 


•  1  tV£  of  p»3«irrjlar  <>vttria.?j  CaUtoV  of’ *^t,V  X  oft. 


The  devdc'lftneftt  and  nuittuatiori 
of  the  foHicle#  at/d  ova  contuTue  a«~ 
interrupt^tliy  tf  jcn  pdlWrty  (0  ti,6  && 
at  the  fruittul  period  of  life 

wliile  their  format  tort  conmmices  h«- 
fftre  birth.  Bdotc ^  jnibeHy 
are,  small  and  the  fothfdc's  wciiijim'rl 
in  them  are  disposed  in  a  c»:<n d>a ra¬ 
ti  vely  thiafe  tn;  - tfe •  ,edirtfoid 

etauice;  here  iliev  pm.eol  the  appear¬ 
ance  of  n  large  number  of  nrmute 
closed  vesicles,  conoid uting  the  early 
conditiort  of  the  foilielcs;  many, 
however,  never  a! tain  foil  devci^ft- 
meat,  but  shrink  and  disappear.  ..At  puivrt y.  Oie  ovaries  rmlarge  and  bocanie  more  vatsculikr, 
the  follicles  are  develof^i  m  greater  abundance,  and  their  ova  are  Capable  ot  fecunrifttinn. 

Discharge  ot  the  Ovuzn.— The  follicle?,  af^er  attaining;  a  certain  stage  of  develop  men?,,  gnviu- 
ally  approach  the  tfunaee  of  the  oymry  and  burst;  the  ovum  and  Quid  contents  of  >he  f»dbek 
are  libera  led  on  the  exterior,  of  the  ov»r>\  and  carried  into  the  uterine  tube  fcy  currems  set  up 
by.  the  moveiuerds  of  the  eiiia  covering  Ilk, niuwtis' mvmb*we  of  the  fimbria*. 

Corpus  Tuteuia.— After  thet  disduirgc  «f  the  oviun  tho  lining  of  theJfollicle  is  tWowti  ioto 
folds,  mid  vascular  proee»^cs»  imvartf  tnsim  the  sirrruundmg  twsue.  In  this  way  the  space 
is  fillW  tip  ami'  the  &i'cpu&  iUfeu&forineil .  It  oonsists  at'iiNt  of  A  radial  Arrangement  of  ydiow 
oeUs  with  bhu wi vi^eLs  iuid  'iympKtt hi?:  sparca,  and ^  biter  it,  merges  with:. the  surrounding  stroma- 
Vesaals  and  KerreE.  -  TlfC  arteries  of  the  Ovanes  and  utenne.  tube«  are  the  ovarian  frum 
the  aorta,  hivb  freely  in  the  rnmimij)irt%  \*iih  the  iii<mzie  octery.  fpvmu  eoune 

branches  ht  the  uterine  .tube,  ntfd  orhnr-  \%  Inch  traverse,  the  fues<ovariura  and  enter  the.  hihim  of 
tin?  ovary.  ’Hie  veaus  cfs-Ttfo iVom  the  hihim  in  the  form  of  a  pittas, •the pampmSorm  plexus; 
the  ovarian  vein  is  formed  U*m  ‘thi«  ph*>;u?.  .And  leaves  the  pelvis  in  company  with  the  artery. 
Tine  nerves  arc  derived  from  the  hypogastric  ut  pel v hr  plexus,  and  fioorn  the  ovarian  plexus,  thu> 
Uterine  tube  receiving  n  branch  .from  nm>  of  the  uterine  nerves. 


■:*  F)^  ft  dris'.WRUoH,ri. n*rii .ovum>  ***  eAjpb 


The  Uterine  Tube  (Tuba  Uterina  [Fallopiij;  Fallopian  Tube;  Oviduct). 

(Figs.  1182,  1186), 

The  uterine  tubes  convey  the  ova  from  the  ovaries  to  the  cavity  of  the  uterus. 
They  are  two  in  number,  one  on  either  side,  situated  in  the  upper  margin  of  the 
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Fra.  1  1S6.— Female  Delvia  and  its  contents,  seen  from  above  and  in  front. 


Fw.  1 1S7 .  — Tranavenwr!  auction  of  n  htr.nun  uterine  lube.  Sunned  wit.b  hematoxylin  arid  oaf tin.  X  !o. 


broad  ligament,  and  extending  from  the  superior  angle  of  the  uterus  to  the  side  of 
the  pel  vis.  Each  tube  is  about  10  cm.  long,  and  is  described  as  consisting  of  three 
portions:  (1)  the  isthmus,  or  medial  constricted  third;  (2)  the  ampulla,  or  inter- 
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mediate  dilated  portion,  which  curves  over  the  ovary;  and  (3)  the  infundibulum 
with  its  abdominal  ostium,  surrounded  by  fimbria,  one  of  which,  the  ovarian  fimbria 
is  attached  to  the  ovary.  The  uterine  tube  is  directed  lateralward  as  far  as  the 
uterine  pole  of  the  ovary,  and  then  ascends  along  the  mesovarian  border  of  the 
ovary  to  the  tubal  pole,  over  which  it  arches;  finally  it  turns  downward  and  ends 
in  relation  to  the  free  border  and  medial  surface  of  the  ovary.  The  uterine  opening 
is  minute,  and  will  only  admit  a  fine  bristle;  the  abdominal  opening  is  somewhat 
larger.  In  connection  with  the  fimbriae  of  the  uterine  tube,  or  with  the  broad  liga¬ 
ment  close  to  them,  there  are  frequently  one  or  more  small  pedunculated  vesicles. 
These  are  termed  the  appendices  vesiculosa  ( hydatids  of  Morgagni). 

Structure. — The  uterine  tube  consists  of  three  coats:  serous,  muscular,  and  mucous.  The 
external  or  serous  coat  is  peritoneal.  The  middle  or  muscular  coat  consists  of  an  external  longi¬ 
tudinal  and  an  internal  circular  layer  of  non-striped  muscular  fibers  continuous  with  those  of 
the  uterus.  The  internal  or  mucous  coat  is  continuous  with  the  mucous  lining  of  the  uterus,  and, 
at  the  abdominaol  stium  of  the  tube,  with  the  peritoneum.  It  is  thrown  into  longitudinal  folds, 
which  in  the  ampulla  are  much  more  extensive  than  in  the  isthmus.  The  lining  epithelium  is 
columnar  and  ciliated.  This  form  of  epithelium  is  also  found  on  the  inner  surface  of  the  fimbriae, 
while  on  the  outer  or  serous  surfaces  of  these  processes  the  epithelium  gradually  merges  into 
the  endothelium  of  the  peritoneum. 

Fertilization  of  the  ovum  is  believed  (page  44)  to  occur  in  the  tube,  and  the  fertilized  ovum 
is  then  normally  passed  on  into  the  uterus;  the  ovum,  however,  may  adhere  to  and  undergo  develop¬ 
ment  in  the  uterine  tube,  giving  rise  to  the  commonest  variety  of  ectopic  gestation .  In  such  cases 
the  amnion  and  chorion  are  formed,  but  a  true  decidua  is  never  present;  and  the  gestation  usually 
ends  by  extrusion  of  the  ovum  through  the  abdominal  ostium,  although  it  is  not  uncommon  for 
the  tube  to  rupture  into  the  peritoneal  cavity,  this  being  accompanied  by  severe  hemorrhage, 
and  needing  surgical  interference. 

The  Uterus  (Womb)  (Figs.  1182,  1186,  1188). 

The  uterus  is  a  hollow,  thick-walled,  muscular  organ  situated  deeply  in  the 
pelvic  cavity  between  the  bladder  and  rectum.  Into  its  upper  part  the  uterine 
tubes  open,  one  on  either  side,  while  below,  its  cavity  communicates  with  that  of 
the  vagina.  When  the  ova  are  discharged  from  the  ovaries  they  are  carried  to  the 
uterine  cavity  through  the  uterine  tubes.  If  an  ovum  be  fertilized  it  imbeds  itself 
in  the  uterine  wall  and  is  normally  retained  in  the  uterus  until  prenatal  develop¬ 
ment  is  completed,  the  uterus  undergoing  changes  in  size  and  structure  to  accom¬ 
modate  itself  to  the  needs  of  the  growing  embryo  (see  page  58).  After  parturition 
the  uterus  returns  almost  to  its  former  condition,  but  certain  traces  of  its  enlarge¬ 
ment  remains.  It  is  necessary,  therefore,  to  describe  as  the  type-form  the  adult 
virgin  uterus,  and  then  to  consider  the  modifications  which  are  effected  as  a  result 
of  pregnancy. 

In  the  virgin  state  the  uterus  is  flattened  antero-posteriorly  and  is  pyriform 
in  shape,  with  the  apex  directed  downward  and  backward.  It  lies  between  the 
bladder  in  front  and  the  pelvic  or  sigmoid  colon  and  rectum  behind,  and  is  com¬ 
pletely  within,  the  pelvis,  so  that  its  base  is  below  the  level  of  the  superior  pelvic 
aperture.  Its  upper  part  is  suspended  by  the  broad  and  the  round  ligaments, 
while  its  lower  portion  is  imbedded  in  the  fibrous  tissue  of  the  pelvis. 

The  long  axis  of  the  uterus  usually  lies  approximately  in  the  axis  of  the  superior 
pelvic  aperture,  but  as  the  organ  is  freely  movable  its  position  varies  with  the 
state  of  distension  of  the  bladder  and  rectum.  Except  when  much  displaced  by  a 
fully  distended  bladder,  it  forms  a  forward  angle  with  the  vagina,  since  the  axis 
of  the  vagina  corresponds  to  the  axes  of  the  cavity  and  inferior  aperture  of  the 
pelvis. 

The  uterus  measures  about  7.5  cm.  in  length,  5  cm.  in  breadth,  at  its  upper 
part,  and  nearly  2.5  cm.  in  thickness;  it  weighs  from  30  to  40  gm.  It  is  divisible 
into  two  portions.  On  the  surface,  about  midway  between  the  apex  and  base, 
is  a  slight  constriction,  known  as  the  isthmus,  and  corresponding  to  this  in  the 
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interior  is  a  narrowing  of  the  uterine  cavity,  the  internal  orifice  of  the  uterus.  The 
portion  above  the  isthmus  is  termed  the  body,  and  that  below,  the  cervix.  The 
part  of  the  body  which  lies  above  a  plane  passing  through  the  points  of  entrance 
of  the  uterine  tubes  is  known  as  the  fundus. 


CLlTOftr 


Fio.  il&&. — Sagittal  section  of  the  lower  part  of  h 


female  trunk,  right  segment.  SM.  I  NT  .Small  intestine.  (Testut  ) 


Body  ( corpus  uteri).  —  The  body  gradually  narrows  from  the  fundus  to  the 
isthmus. 

The  vesical  or  anterior  surface  {facies  resiealis)  is  flattened  and  covered  by 
peritoneum,  which  is  reflected  on  to  the  bladder  to  form  the  vesicouterine 
excavation.  The  surface  lies  in  apposition  with  the  bladder. 

The  intestinal  or  posterior  surface  (facies  intestinalw)  is  convex  transversely  and 
is  covered  by  peritoneum,  which  is  continued  down  on  to  the  cervix  and  vagina. 
It  is  in  relation  with  the  sigmoid  colon,  from  which  it  is  usually  separated  by  some 
coils  of  small  intestine. 

The  fundus  {fundus  uteri)  is  convex  in  all  directions,  and  covered  bv  peritoneum 
continuous  with  that  on  the  vesical  and  intestinal  surfaces.  On  it  rest  some  coils 
of  small  intestine,  and  occasionally  the  distended  sigmoid  colon. 

The  lateral  margins  ( margo  lateralis)  are  slightly  convex.  At  the  upper  end  of 
each  the  uterine  tube  pierces  the  uterine  wall.  Below  and  in  front  of  this  point 
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the  round  ligament  of  the  uterus  is  fixed,  while  behind  it  is  the  attachment  of  the 
ligament  of  the  ovary.  These  three  structures  lie  within  a  fold  of  peritoneum 
which  is  reflected  from  the  margin  of  the  uterus  to  the  wall  of  the  pelvis,  and  is 
named  the  broad  ligament. 

Cervix  (cervix  uteri;  neck). — The  cervix  is  the  lower  constricted  segment  of 
the  uterus.  It  is  somewhat  conical  in  shape,  with  its  truncated  apex  directed 
downward  and  backward,  but  is  slightly  wider  in  the  middle  than  either  above  or 
below.  Owing  to  its  relationships,  it  is  less  freely  movable  than  the  body,  so  that 
the  latter  may  bend  on  it.  The  long  axis  of  the  cervix  is  therefore  seldom  in  the 
same  straight  line  as  the  long  axis  of  the  body.  The  long  axis  of  the  uterus  as  a 
whole  presents  the  form  of  a  curved  line  with  its  concavity  forward,  or  in  extreme 
cases  may  present  an  angular  bend  at  the  region  of  the  isthmus. 

The  cervix  projects  through  the  anterior  wall  of  the  vagina,  which  divides  it 
into  an  upper,  supravaginal  portion,  and  a  lower,  vaginal  portion. 

The  supravaginal  portion  ( portio  supravaginalis  [ cervicis ])  is  separated  in  front 
from  the  bladder  by  fibrous  tissue  (parametrium),  which  extends  also  on  to  its  sides 
and  lateralward  between  the  layers  of  the  broad  ligaments.  The  uterine  arteries 
reach  the  margins  of  the  cervix  in  this  fibrous  tissue,  while  on  either  side  the  ureter 
runs  downward  and  forward  in  it  at  a  distance  of  about  2  cm.  from  the  cervix. 
Posteriorly ,  the  supravaginal  cervix  is  covered  by  peritoneum,  which  is  prolonged 
below  on  to  the  posterior  vaginal  wall,  when  it  is  reflected  on  to  the  rectum, 
forming  the  rectouterine  excavation.  It  is  in  relation  with  the  rectum,  from 
which  it  may  be  separated  by  coils  of  small  intestine. 

The  vaginal  portion  ( portio  vaginalis  [cervicis])  of  the  cervix  projects  free  into  the 
anterior  wall  of  the  vagina  between  the  anterior  and  posterior  fornices.  On  its 
rounded  extremity  is  a  small,  depressed,  somewhat  circular  aperture,  the  external 
orifice  of  the  uterus,  through  which  the  cavity  of  the  cervix  communicates  with 
that  of  the  vagina.  The  external  orifice  is  bounded  by  two  lips,  an  anterior  and  a 
posterior,  of  which  the  anterior  is  the  shorter  and  thicker,  although,  on  account 
of  the  slope  of  the  cervix,  it  projects  lower  than  the  posterior.  Normally,  both  lips 
are  in  contact  with  the  posterior  vaginal  wall. 

Interior  of  the  Uterus  (Fig.  1189). — The  cavity  of  the  uterus  is  small  in 
comparison  with  the  size  of  the  organ. 

The  Cavity  of  the  Body  (cavum  uteri)  is  a  mere  slit,  flattened  antero-posteriorlv. 
It  is  triangular  in  shape,  the  base  being  formed  by  the  internal  surface  of  the 

fundus  between  the  orifices  of  the  uterine 
tubes,  the  apex  by  the  internal  orifice  of  the 
uterus  through  which  the  cavity  of  the  body 
communicates  with  the  canal  of  the  cervix. 

The  Canal  of  the  Cervix  (canalis  cervicis 
uteri)  is  somewhat  fusiform,  flattened  from 
before  backward,  and  broader  at  the  middle 
than  at  either  extremity.  It  communicates 
above  through  the  internal  orifice  with  the 
cavity  of  the  body,  and  below  through  the 
external  orifice  with  the  vaginal  cavity.  The 
wall  of  the  canal  presents  an  anterior  and  a 
posterior  longitudinal  ridge,  from  each  of 
which  proceed  a  number  of  small  oblique 
columns,  the  palmate  folds,  giving  the  appear¬ 
ance  of  branches  from  the  stem  of  a  tree; 
part  of  vagina.  to  this  arrangement  the  name  arbor  vit® 

uterina  is  applied.  The  folds  on  the  two 
walls  are  not  exactly  opposed,  but  fit  between  one  another  so  as  to  close  the 
cervical  canal. 
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The  total  length  of  the  uterine  cavity  from  the  external  orifice  to  the  fundus 
is  about  6.25  cm. 

Ligaments. — The  ligaments  of  the  uterus  are  eight  in  number:  one  anterior; 
one  posterior;  two  lateral  or  broad;  two  uterosacral;  and  two  round  ligaments. 

The  anterior  ligament  consists  of  the  vesicouterine  fold  of  peritoneum,  which 
is  reflected  on  to  the  bladder  from  the  front  of  the  uterus,  at  the  junction  of  the 
cervix  and  body. 

The  posterior  ligament  consists  of  the  rectovaginal  fold  of  peritoneum,  which  is 
reflected  from  the  back  of  the  posterior  fornix  of  the  vagina  on  to  the  front  of  the 
rectum.  It  forms  the  bottom  of  a  deep  pouch  called  the  rectouterine  excavation, 
which  is  bounded  in  front  by  the  posterior  wall  of  the  uterus,  the  supravaginal 
cervix,  and  the  posterior  fornix  of  the  vagina;  behind,  by  the  rectum;  and  laterally 
by  two  crescentic  folds  of  peritoneum  which  pass  backward  from  the  cervix  uteri 
on  either  side  of  the  rectum  to  the  posterior  wall  of  the  pelvis.  These  folds  are 
named  the  sacrogenital  or  rectouterine  folds.  They  contain  a  considerable  amount 
of  fibrous  tissue  and  non-striped  muscular  fibers  which  are  attached  to  the  front 
of  the  sacrum  and  constitute  the  uterosacral  ligaments. 

The  two  lateral  or  broad  ligaments  ( ligamentum  latum  uteri)  pass  from  the  sides  of 
the  uterus  to  the  lateral  walls  of  the  pelvis.  Together  with  the  uterus  they  form 
a  septum  across  the  female  pelvis,  dividing  that  cavity  into  two  portions.  In  the 
anterior  part  is  contained  the  bladder;  in  the  posterior  part  the  rectum,  and  in 
certain  conditions  some  coils  of  the  small  intestine  and  a  part  of  the  sigmoid  colon. 
Between  the  two  layers  of  each  broad  ligament  are  contained:  (1)  the  uterine 
tube  superiorly;  (2)  the  round  ligament  of  the  uterus;  (3)  the  ovary  and  its  ligament; 
(4)  the  epoophoron  and  paroophoron;  (5)  connective  tissue;  (6)  unstriped  muscular 
fibers;  and  (7)  bloodvessels  and  nerves.  The  portion  of  the  broad  ligament  which 
stretches  from  the  uterine  tube  to  the  level  of  the  ovary  is  known  by  the  name 
of  the  mesosalpinx.  Between  the  fimbriated  extremity  of  the  tube  and  the  lower 
attachment  of  the  broad  ligament  is  a  concave  rounded  margin,  called  the  infun- 
dibulopelvic  ligament. 

The  round  ligaments  ( ligamentum  teres  uteri)  are  two  flattened  bands  between 
10  and  12  cm.  in  length,  situated  between  the  layers  of  the  broad  ligament  in  front 
of  and  below  the  uterine  tubes.  Commencing  on  either  side  at  the  lateral  angle 
of  the  uterus,  this  ligament  is  directed  forward,  upward,  and  lateralward  over  the 
external  iliac  vessels.  It  then  passes  through  the  abdominal  inguinal  ring  and  along 
the  inguinal  canal  to  the  labium  majus,  in  which  it  becomes  lost.  The  round 
ligaments  consists  principally  of  muscular  tissue,  prolonged  from  the  uterus;  also 
of  some  fibrous  and  areolar  tissue,  besides  bloodvessels,  lymphatics;  and  nerves, 
enclosed  in  a  duplicature  of  peritoneum,  which,  in  the  fetus,  is  prolonged  in  the 
form  of  a  tubular  process  for  a  short  distance  into  the  inguinal  canal.  This  process 
is  called  the  canal  of  Nuck.  It  is  generally  obliterated  in  the  adult,  but  sometimes 
remains  pervious  even  in  advanced  life.  It  is  analogous  to  the  saccus  vaginalis, 
which  precedes  the  descent  of  the  testis. 

In  addition  to  the  ligaments  just  described,  there  is  a  band  named  the  ligamentum  trans- 
versalis  colli  (Mackenrodt)  on  either  side  of  the  cervix  uteri.  It  is  attached  to  the  side  of  the 
cervix  uteri  and  to  the  vault  and  lateral  fornix  of  the  vagina,  and  is  continuous  externally  with 
the  fibrous  tissue  which  surrounds  the  pelvic  bloodvessels. 

The  form,  size,  and  situation  of  the  uterus  vary  at  different  periods  of  life  and  under  different 
circumstances. 

In  the  fetus  the  uterus  is  contained  in  the  abdominal  cavity,  projecting  beyond  the  superior 
aperture  of  the  pelvis  (Fig.  1190).  The  cervix  is  considerably  larger  than  the  body. 

At  puberty  the  uterus  is  pyriform  in  shape,  and  weighs  from  14  to  17  gm.  It  has  descended 
into  the  pelvis,  the  fundus  being  just  below  the  level  of  the  superior  aperture  of  this  cavity.  The 
palmate  folds  are  distinct,  and  extend  to  the  upper  part  of  the  cavity  of  the  organ. 

The  position  of  the  uterus  in  the  adult  is  liable  to  considerable  variation,  depending  chiefly 
on  the  condition  of  the  bladder  and  rectum.  When  the  bladder  is  empty  the  entire  uterus  is 
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directed  forward,  wd-  jar  ab  the  saBm:  tiim  at  the  fnncUfzn  of  .the-' bo<fy  .aswi' terms 

60  that  the.  body  lies  upon*  Urn  bladder. '  A* tbHutter  Ma^  tL^  graduaJiy  •  m*M- 

■:&nd-  martMjnset,  mud  with  a  Cully  distended  idadte  the  fundus  backward  tb.i? erd 

the  sacrum.  i  v  v;  v  //'  W-  ( , .  ‘  , 

frufinQ  mmnts mtiovi  the  orj^n  fe  pntgr^giji ,  room  yMwfar;  wc{  it*  iniftice?  rouridjct ;  thfc  $#ern&J 
orihoe  is  rounded,  its  labia  swollea,  and  the  Imt«^  fttembratio  of  iJie  body  thfrdceaed,  aeto,  arid 
of  darker  color.  According  to  tSir  J.  Williams,  at.  «H<sh  rerufrenge  of  weiistrurtiioii.  :&  mole- 
eular  disintegrutioa  of  the  mucous  membrane  takes  places  whuh  leads  to  da  vvawhgje  reword, 
only  the  baso*  ot  the  gland*  imbedded  in  the  aiuacJ^  bein^  Mt-  At  the  ot  fxiaftfetiu- 

atiou,  a  fresh  miicons  membrane  is  '.formed  by  a  pvoiih^mo&  of  the  remain  mg  structures 
Durinff  'prefffitrrtCy  the  i4tert»  bhoothbje  enormously  iv  the  eighth  month 

t  he  epigastric  region ,  The  increase  in  sise  is  partly  dqft  io  growth  of  ptvex\»t\ng  muscle,  wwi 
partly to  development  of  ttt&r  fibers. 

After  xmtvrktjm  the  uforus  nearly  regain*  its  usual  erJs<k  weighing  about  42  gm.;  fegt  its  cavity 
is  Laffer  than  in  the  virgin  'abate,'  its  vessels  are  tortuous,  and  its  muscular  layers  are  more  defined; 
the  oxiemtU  o fill.ee  Vs  more  marked,  and  its  edges  present  one  .nrifibre  fissures. 

in  ohi  iw  the  uteni*  become*  utrOphiudt  and  paler  ajuf  tn  teturo;  a  more  dwUnrt 

constriction  jwjmr^t&s  the  body  <snd  cervix.  The  iuterrud  ordieivus  frequently  vand  the  extendi 
orifiou  oeca^ioually; .- til>]itofatc?dv  .while  the  lips  almost  entirely  disappear. 
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FtG.  1 10U  -  Sarrital  action  through  the  of  u  iwtffv  born  female.  rJLiiU. 

Stroctoe^The  uterus  w  composed  of  three  routs:  an  asternal  or  seroua,  a  middle  *r 
moeculw,  ami  an  interna)  or  raue&ua.  ;  '  :  ^  y 

The  serous  isoat  Uum'ca  b  derived  ffpjrt -'thp  peritonerim;  it  invests  the  fuiwiiiir  mi 

the  whole  of  the  iotestinat  surfafe  of  f  hoyderus^  but  o«>vcrs  the  vesweo)  surface  only  as  far  &?. 
the  junction  of  the  body  and  eeFViX.  Ih  the  lower  fourt  h  of  the  ihtastiiui!  surface.1  the  peruoa^mv 
though  covering  th&,  utdnw. .  te; pot  closely'  connected  with  ity  being  separated  froirr  if  by  *•&$& 
of  loose  cellular  and  some-  lurge  veins. 

The  inudeniar  cont  forma . the : chief  %ulk.  of:  the  sttbatarice  of  thy 

In  the  virgin  if  is  ciei.rser .hnu;  ofa grayish  color,  and  »ui-ts  oimosl  likeetu’lilage.  It  .isthk'.k  i>p3*tef& 
the  middle  of  the  btKly  snd  fundus,  and  thin  at  the  owhoos  of  t. he  ut erine  tuboo,  It  Cjun^h- N 
bumifes?  of-  uiiHtnpe«i  UiiisLaihtr  fibers,  dispose^'  in  layers, ;:ihl wnu^d'. with  areolhr  tbfcutv 

lympiwMe  vessels,  and  neir*ves.  The  layers  are  three  in  number:  exuemyh  mhidie,  and 
internal . :  The.  external  and  middle  layeh>  constitute  the  in  uvular  cost  proper,  while  tbe  inntr 
layer  is  ;i  groat  U*'  hypertrophied  nmscuLins  mucd«e*  :T>urine.:prcg«ftncy-;  the  mu^rubr  fi^ue 
bocotp^ vliKire-' ^  i>tx»minentJy  developed,  the  fibei^  b^h^  g^tly  ^l^ed. 

The  esihrmil  iiiyer,  placed  beneath  the  peritcmeuDh  tn  dtspo^fcd  aa.  a  ihin  plitne  on  the  ves^l 
ami  ipteetiiud  «orfai*es.  It  eonkifet^'Uf  fibers  which  pms  tiytnsver6ely  aeroafr  ih^'  fundus-  ahd. 
eonveryVng  ^f  e/mh:  kteral  angle  of  the  uterus,  &ee,  »V>ntVht|i>d  oft  h>  the*  uterine  fobn  the  mend 
ligmuent,  and  the  ligament ;  of  the  vtvhry:  some  pacing  st  each  side  into  the  Ivcoao  iie.i/aeni. 
and  others  running  backward  from  the  cervix  into  the  ^aerouterino  t 

layer  o f  t Ibers  pre^en ts  do  regularity  ip  its  urrou g cJiien t ,  be- in g  i Us fx>sed  ,longitu»linall j . 
and  thi.ti^vhh?e4y.  It  contaiitii  thot^  thuth  either  of  the  other* ^wa laybys.  •  • 

ur  df^T  tkaisiste  of  circular  fil)vis  arranged  in  the  JYirm  two  hollow  r(im  »a 
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which  surround  the  orifices  of  the  uterine  tubes,  their  bases  intermingling  with  one  another  on 
the  middle  of  the  body  of  the  uterus.  At  the  internal  orifice  these  circular  fibers  form  a  distinct 
sphincter. 

Ciliated  epithelium 


Glands 


Circular 

muscular 

fibers 


Gland  Stroma 

Fig.  1101. — Vertical  section  of  mucous  membrane  of  human  uterus.  (Sabotta  ) 


The  mucous  membrane  ( tunica  mucosa )  (Fig.  1191)  is  smooth,  and  closely  adherent  to  the 
subjacent  tissue.  It  is  continuous  through  the  fimbriated  extremity  of  the  uterine  tubes,  with 
the  peritoneum;  and,  through  the  external  uterine  orifice,  with  the  lining  of  the  vagina. 

Branch  A  to  tube 

Branch**  to  fundus 


\Jr  Chvriirt 

'  Branch  to  found  ligoimnl 

Bound  ligament  of  uUrus 
Branches  to  Wy 
Branch**  Ui  cervix 


■erhut;  104 


Vaginal  arteries 


'the  snsriei  of  the  .rnbruul  t-rginn*  of  thu  iViwdfc  **»m  Iron*  W»i«U  « Atinc  Uycil.) 


In  the  body  of  the  uterus  the  mucous  membrane  is  smooth,  soft,  of  a  pale  red  color,  lined  by 
columnar  ciliated  epithelium,  and  presents,  when  viewed  with  a  lens,  the  orifices  of  numerous 
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tubular  follicles,  arranged  perpendicularly  to  the  surface.  The  structure  of  the  corium  differs 
from  that  of  ordinary  mucous  membranes,  and  consists  of  an  embryonic  nucleated  and  highly 
cellular  form  of  connective  tissue  in  which  run  numerous  large  lymphatics.  In  it  are  the  tube¬ 
like  uterine  glands,  lined  by  ciliated  columnar  epithelium.  They  are  of  small  size  in  the  unim¬ 
pregnated  uterus,  but  shortly  after  impregnation  become  enlarged  and  elongated,  presenting 
a  contorted  or  waved  appearance  (see  page  59). 

In  the  cervix  the  mucous  membrane  is  sharply  differentiated  from  that  of  the  uterine  cavity. 
It  is  thrown  into  numerous  oblique  ridges,  which  diverge  from  an  anterior  and  posterior  longi¬ 
tudinal  raphd*.  In  the  upper  two-thirds  of  the  canal,  the  mucous  membrane  is  provided  with 
numerous  deep  glandular  follicles,  which  secrete  a  clear  viscid  alkaline  mucus;  and,  in  addition, 
extending  through  the  whole  length  of  the  canal  is  a  variable  number  of  little  cysts,  presumably 
follicles  which  have  become  occluded  and  distended  with  retained  secretion.  They  are  called 
the  ovula  Nabothi.  The  mucous  membrane  covering  the  lower  half  of  the  cervical  canal  presents 
numerous  papilla}.  The  epithelium  of  the  upper  two-thirds  is  cylindrical  and  ciliated,  but  below 
this  it  loses  its  cilia,  and  gradually  changes  to  stratified  squamous  epithelium  close  to  the  external 
orifice.  On  the  vaginal  surface  of  the  cervix  the  epithelium  is  similar  to  that  lining  the  vagina, 
viz.,  stratified  squamous. 

Vessels  and  Nerves. — The  arteries  of  the  uterus  are  the  uterine,  from  the  hypogastric;  and 
the  ovarian,  from  the  abdominal  aorta  (Fig.  1192).  They  are  remarkable  for  their  tortuous 
course  in  the  substance  of  the  organ,  and  for  their  frequent  anastomoses.  The  termination  of 
the  ovarian  artery  meets  that  of  the  uterine  artery,  and  forms  an  anastomotic  trunk  from  which 
branches  are  given  off  to  supply  the  uterus,  their  disposition  being  circular.  The  veins  are  of 
large  size,  and  correspond  with  the  arteries.  They  end  in  the  uterine  plexuses.  In  the  impreg¬ 
nated  uterus  the  arteries  carry  the  blood  to,  and  the  veins  convey  it  away  from,  the  intervillous 
space  of  the  placenta  (see  page  62).  The  lymphatics  are  described  on  page  718.  The  nerves 
are  derived  from  the  hypogastric  and  ovarian  plexuses,  and  from  the  third  and  fourth  sacral 
nerves. 

The  Vagina  (Fig.  1188). 

The  vagina  extends  from  the  vestibule  to  the  uterus,  and  is  situated  behind  the 
bladder  and  in  front  of  the  rectum;  it  is  directed  upward  and  backward,  its  axis 
forming  with  that  of  the  uterus  an  angle  of  over  90°,  opening  forward.  Its  walls 
are  ordinarily  in  contact,  and  the  usual  shape  of  its  lowrer  part  on  transverse  section 
is  that  of  an  H,  the  transverse  limb  being  slightly  curved  forward  or  backward, 
while  the  lateral  limbs  are  somewhat  convex  towTard  the  median  line;  its  middle 
part  has  the  appearance  of  a  transverse  slit.  Its  length  is  6  to  7.5  cm.  along  its 
anterior  wall,  and  9  cm.  along  its  posterior  wall.  It  is  constricted  at  its  commence¬ 
ment,  dilated  in  the  middle,  and  narrowed  near  its  uterine  extremity;  it  surrounds 
the  vaginal  portion  of  the  cervix  uteri,  a  short  distance  from  the  external  orifice 
of  the  uterus,  its  attachment  extending  higher  up  on  the  posterior  than  on  the 
anterior  wall  of  the  uterus.  To  the  recess  behind  the  cervix  the  term  posterior 
fornix  is  applied,  while  the  smaller  recessed  in  front  and  at  the  sides  are  called  the 
anterior  and  lateral  fomices. 

Relations. — The  anterior  surface  of  the  vagina  is  in  relation  with  the  fundus  of  the  bladder, 
and  with  the  urethra.  Its  posterior  surface  is  separated  from  the  rectum  by  the  rectouterine 
excavation  in  its  upper  fourth,  and  by  the  rectovesical  fascia  in  its  middle  two-fourths;  the  lower 
fourth  is  separated  from  the  anal  canal  by  the  perineal  body.  Its  sides  are  enclosed  between 
the  Levatores  ani  muscles.  As  the  terminal  portions  of  the  ureters  pass  forward  and  medial- 
ward  to  reach  the  fundus  of  the  bladder,  they  run  close  to  the  lateral  fomices  of  the  vagina,  and 
as  they  enter  the  bladder  are  slightly  in  front  of  the  anterior  fornix. 

Structure. — The  vagina  consists  of  an  internal  mucous  lining  and  a  muscular  coat  separated 
by  a  layer  of  erectile  tissue. 

The  mucous  membrane  ( tunica  mucosa)  is  continuous  above  with  that  lining  the  uterus.  Its 
inner  surface  presents  two  longitudinal  ridges,  one  on  its  anterior  and  one  on  its  posterior  wall. 
These  ridges  are  called  the  columns  of  the  vagina  and  from  them  numerous  transverse  ridges 
or  rugie  extend  outward  on  either  side.  These  rugae  are  divided  by  furrows  of  variable  depth, 
giving  to  the  mucous  membrane  the  appearance  of  being  studded  over  with  conical  projections 
or  papillae;  they  are  most  numerous  near  the  orifice  of  the  vagina,  especially  before  parturition. 
The  epithelium  covering  the  mucous  membrane  is  of  the  stratified  squamous  variety.  The  sub¬ 
mucous  tissue  is  very  loose,  and  contains  numerous  large  veins  which  by  their  anastomoses  form 
a  plexus,  together  with  smooth  muscular  fibers  derived  from  the  muscular  coat;  it  is  regarded 
by  Gussenbauer  as  an  erectile  tissue.  It  contains  a  number  of  mucous  crypts,  but  no  true  glands. 
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Tiie  muscular  coat  ( tunica  muscularu)  consists  of  two  layers;  an  external  longitudinal,  which 
is  by  far  the  stronger,  and  an  internal  circular  layer.  The  longitudinal  fibers  are  continuous 
with  the  superficial  muscular  fibers  of  the  uterus.  The  strongest  fasciculi  are  those  attached 
to  the  rectovesical  fascia  on  either  side.  The  two  layers  are  not  distinctly  separable  from  each 
other,  but  are  connected  by  oblique  decussating  fasciculi,  which  pass  from  the  one  layer  to  the 
other.  In  addition  to  this,  the  vagina  at  its  lower  end  is  surrounded  by  a  band  of  striped  muscular 
fibers,  the  Bulbocavemoaus  (see  page  431). 

External  to  the  muscular  coat  is  a  layer  of  connective  tissue,  containing  a  large  plexus  of 
bloodvessels. 

The  erectile  tissue  consists  of  a  layer  of  loose  connective  tissue,  situated  between  the  mucous 
membrane  and  the  muscular  coat;  imbedded  in  it  is  a  plexus  of  large  veins,  and  numerous  bundles 
of  nnstriped  muscular  fibers,  derived  from  the  circular  muscular  layer.  The  arrangement  of  the 
veins  is  similar  to  that  found  in  other  erectile  tissues. 


The  External  Genital  Organs  (Partes  Genitales  Extern®  Muliebres) 

(Fig.  1103). 

The  external  genital  organs  of  the  female  are:  the  raons  pubis,  the  labia  majora 
et  minora  pudendi,  the  clitoris,  the  vestibule  of  the  vagina,  the  bulb  o!  the  vestibule, 
and  the  greater  vestibular  glands.  The  term  pudendum  or  vulva,  as  generally  applied, 
includes  all  these  parts. 

The  Mons  Pubis  (commissura  lahiomm  anterior;  mons  Veneris),  the  rounded 
eminence  in  front  of  the  pubic  symphy  sis,  is  formed  by  a  collection  of  fatty  tissue 
beneath  the  integument.  It  becomes  covers!  with  hair  at  the  time  of  puberty. 

The  Labia  Majora  {labia  majora  pudendi)  are  two  prominent  longitudinal  cuta¬ 
neous  folds  which  extend  downward  and  backward  from  the  mons  pubis  and  form 
the  lateral  boundaries  of  a  fissure  or  cleft,  the  pudendal  cleft  or  rima,  into  which 


Fio.  1 103. — External  genital  organs  of  female  The  labia  minora  have  been  drawn  apart. 
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the  vagina  and  urethra  open.  Each  labium  has  two  surfaces,  an  outer,  pigmented 
and  covered  with  strong,  crisp  hairs;  and  an  inner,  smooth  and  beset  with  large 
sebaceous  follicles.  Between  the  two  there  is  a  considerable  quantity  of  areolar 
tissue,  fat,  and  a  tissue  resembling  the  dartos  tunic  of  the  scrotum,  besides  vessels, 
nerves,  and  glands.  The  labia  are  thicker  in  front,  where  they  form  by  their 
meeting  the  anterior  labial  commissure.  Posteriorly  they  are  not  really  joined,  but 
appear  to  become  lost  in  the  neighboring  integument,  ending  close  to,  and  nearly 
parallel  with,  each  other.  Together  with  the  connecting  skin  between  them, 
they  form  the  posterior  labial  commissure  or  posterior  boundary  of  the  pudendum. 
The  interval  between  the  posterior  commissure  and  the  anus,  from  2.5  to  3  cm. 
in  length,  constitutes  the  perineum.  The  labia  majora  correspond  to  the  scrotum 
in  the  male. 

The  Labia  Minora  {labia  minora  pudendi;  nymphos)  are  two  small  cutaneous 
folds,  situated  between  the  labia  majora,  and  extending  from  the  clitoris  obliquely 
downward,  lateralward,  and  backward  for  about  4  cm.  on  either  side  of  the  orifice 
of  the  vagina,  between  which  and  the  labia  majora  they  end;  in  the  virgin  the  pos¬ 
terior  ends  of  the  labia  minora  are  usually  joined  across  the  middle  line  by  a  fold 
of  skin,  named  the  frenulum  of  the  labia  or  fourchette.  Anteriorly,  each  labium 
minus  divides  into  two  portions:  the  upper  division  passes  above  the  clitoris  to 
meet  its  fellow  of  the  opposite  side,  forming  a  fold  which  overhangs  the  glans 
clitoridis,  and  is  named  the  preputium  clitoridis;  the  lower  division  passes  beneath 
the  clitoris  and  becomes  united  to  its  under  surface,  forming,  with  its  fellow  of  the 
opposite  side,  the  frenulum  of  the  clitoris.  On  the  opposed  surfaces  of  the  labia 
minora  are  numerous  sebaceous  follicles. 

The  Clitoris  is  an  erectile  structure,  homologous  with  the  penis.  It  is  situated 
beneath  the  anterior  labial  commissure,  partially  hidden  between  the  anterior 
ends  of  the  labia  minora.  It  consists  of  two  corpora  cavernosa,  composed  of 
erectile  tissue  enclosed  in  a  dense  layer  of  fibrous  membrane,  united  together  along 
their  medial  surfaces  by  an  incomplete  fibrous  pectiniform  septum;  each  corpus 
is  connected  to  the  rami  of  the  pubis  and  ischium  by  a  crus;  the  free  extremity 
( glans  clitoridis)  is  a  small  rounded  tubercle,  consisting  of  spongy  erectile  tissue, 
and  highly  sensitive.  The  clitoris  is  provided  like  the  penis,  with  a  suspensory 
ligament,  and  with  two  small  muscles,  the  Ischiocavernosi,  which  are  inserted 
into  the  crura  of  the  clitoris. 

The  Vestibule  {vestibulum  vaginas). — The  cleft  between  the  labia  minora  and 
behind  the  glans  clitoridis  is  named  the  vestibule  of  the  vagina:  in  it  are  seen  the 
urethral  and  vaginal  orifices  and  the  openings  of  the  ducts  of  the  greater  vestibular 
glands. 

The  external  urethral  orifice  ( orificium  urethras  externum;  urinary  meatus)  is 
placed  about  2.5  cm.  behind  the  glans  clitoridis  and  immediately  in  front  of  that 
of  the  vagina;  it  usually  assumes  the  form  of  a  short,  sagittal  cleft  with  slightly 
raised  margins. 

The  vaginal  orifice  is  a  median  slit  below  and  behind  the  opening  of  the  urethra; 
its  size  varies  inversely  with  that  of  the  hymen. 

The  hymen  is  a  thin  fold  of  mucous  membrane  situated  at  the  orifice  of  the  vagina; 
the  inner  edges  of  the  fold  are  normally  in  contact  with  each  other,  and  the 
vaginal  orifice  appears  as  a  cleft  between  them.  The  hymen  varies  much  in  shape. 
When  stretched,  its  commonest  form  is  that  of  a  ring,  generally  broadest  posteriorly  ; 
sometimes  it  is  represented  by  a  semilunar  fold,  with  its  concave  margin  turned 
toward  the  pubes.  Occasionally  it  is  cribriform,  or  its  free  margin  forms  a  mem¬ 
branous  fringe.  It  may  be  entirely  absent,  or  may  form  a  complete  septum  across 
the  lower  end  of  the  vagina;  the  latter  condition  is  known  as  an  imperforate  hymen. 
It  may  persist  after  copulation,  so  that  its  presence  cannot  be  considered  a  sign  of 
virginity.  When  the  hymen  has  been  ruptured,  small  rounded  elevations  known 
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as  the  c&rancul®  hymenales  are  found  as  its  remains.  Between  the  hymen  and 
the  frenulum  of  the  labia  is  a  shallow  depression,  named  the  navicular  fossa. 

The  Bulb  of  the  Vestibule  (bulbus  vestibuli;  vaginal  bulb)  is  the  homologue  of 
the  bulb  and  adjoining  part  of  the  corpus  cavernosum  urethrae  of  the  male,  and 
consists  of  two  elongated  masses  of  erectile  tissue,  placed  one  on  either  side  of  the 
vaginal  orifice  and  united  to  each  other  in  front  by  a  narrow  median  band  termed 
the  pars  intermedia.  Each  lateral  mass  measures  a  little  over  2.5  cm.  in  length. 
Their  posterior  ends  are  expanded  and  are  in  contact  with  the  greater  vestibular 
glands;  their  anterior  ends  are  tapered  and  joined  to  one  another  by  the  pars 
intermedia;  their  deep  surfaces  are  in  contact  with  the  inferior  fascia  of  the  uro¬ 
genital  diaphragm;  superficially  they  are  covered  by  the  Bulbocavernosus. 

The  Greater  Vestibular  Glands  (glandulce  vestibularis  major  [Bartholini] ;  Bar¬ 
tholin’s  glands)  are  the  homologues  of  the  bulbo-urethral  glands  in  the  male.  They 
consist  of  two  small,  roundish  bodies  of  a  reddish-yellow  color,  situated  one  on  either 
side  of  the  vaginal  orifice  in  contact  with  the  posterior  end  of  each  lateral  mass  of 
the  bulb  of  the  vestibule.  Each  gland  opens  by  means  of  a  duct,  about  2  cm.  long, 
immediately  lateral  to  the  hymen,  in  the  groove  between  it  and  the  labium  minus. 
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The  Mammae  (Mammary  Gland;  Breasts). 

The  mammae  secrete  the  milk,  and  are  accessory  glands  of  the  generative  system. 
They  exist  in  the  male  as  well  as  in  the  female;  but  in  the  former  only  in  the  rudi¬ 
mentary  state,  unless  their  growth  is  excited  by  peculiar  circumstances.  In  the 
female  they  are  two  large  hemispherical  eminences  lying  within  the  superficial 
fascia  and  situated  on  the  front  and  sides  of  the  chest;  each  extends  from  the  second 
rib  above  to  the  sixth  rib  below,  and  from  the  side  of  the  sternum  to  near  the  mid- 
axillary  line.  Their  weight  and  dimensions  differ  at  different  periods  of  life,  and 
in  different  individuals.  Before  puberty  they  are  of  small  size,  but  enlarge  as  the 
generative  organs  become  more  completely  developed.  They  increase  during  preg¬ 
nancy  and  especially  after  delivery,  and  become  atrophied  in  old  age.  The  left 
mamma  is  generally  a  little  larger  than  the  right.  The  deep  surface  of  each  is 
nearly  circular,  flattened,  or  slightly  concave,  and  has  its  long  diameter  directed 
upward  and  lateralward  toward  the  axilla;  it  is  separated  from  the  fascia  covering 
the  Pectoralis  major,  Serratus  anterior,  and  Obliquus  externus  abdominis  by  loose 
connective  tissue.  The  subcutaneous  surface  of  the  mamma  is  convex,  and  presents, 
just  below  the  center,  a  small  conical  prominence,  the  papilla. 

The  Mammary  Papilla  or  Nipple  ( papilla  mammce)  is  a  cylindrical  or  conical 
eminence  situated  about  the  level  of  the  fourth  intercostal  space.  It  is  capable 
of  undergoing  a  sort  of  erection  from  mechanical  excitement,  a  change  mainly 
due  to  the  contraction  of  its  muscular  fibers.  It  is  of  a  pink  or  brownish  hue,  its 
surface  wrinkled  and  provided  with  secondary  papillae;  and  it  is  perforated  by  from 
fifteen  to  twenty  orifices,  the  apertures  of  the  lactiferous  ducts.  The  base  of  the 
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maHintary  papilla  is  swrroundoHiy  »n  areol*.  I  n  the  virgin  the  areola  fe  of  a  delicate 
rtwy  hde;  afKiiUt  the  second  month  after  itppregnatioii  it  enlarges  and  acquires  a 
darker  tinge .  and  as  pregnancy  advances  it  may assume  a  durkbrwvn  or  even  black 
color.  Thfs  rjoW  diminwhes  as  soon  as  Uctotioti  is  over,  but  is  never  entirely 
lost; throughout  life.  These  changes  in  the.  color  of  the  areola  are  of  importance 
in  fprstif%  a  ijonclifi&ioii  in  a  m?e  of  suspected  first  preguinicy.  J^ear  the  base  of 
the  papilla,  and  uprn»fjie  surface  of  the  areola ,  are  numerpiis  large  sebaceous  glands, 
the  areolar  glands,  wbiolf  become  mm  h  enlarged  during  lactation,  arid  present 
the  appeamhetf!  of  small  tubercles lbejieatlt';t|i^''6^inf:..  These  'glands  /secrete  a  pecu¬ 
liar  fatty  substance.  Which  .serves'  as- a  protection  to  the  integument  of  the  papilla 
during  the  act  of  suekiogv  -/The  mammary,  papilla  consists  of  mnnerous  vessels, 
intermixed  with  plain  R>jj^t$ihir  ftljet-s,  which  are  prindpsitfv  armttged  lit;  a  circular 
manner  umumi  the  i  .«>f}»e  fetv  fibers  nidyiting  fnpiu 
Devdopnent.-^^i^htWi^d^'ffeyelppteii  partly  from  niesudrtrri  and  partly  from 
ectoderm--  its  bltgslvessdi  and  e.innwtiy*  tissue  being;  derived-  from  the  former,  its 
eel  1  ular  elements  tom*  ttiur-  Igtftw.  Its  first  rud  mienf  is  seen,  aJioui  fhe  third  mouth , 
.in.  tlfe  farm  of  a  !>uni?»cr  nf  small  inward  projections  of  the  ectoderm,  which  invade 
tire  mesoderm  ,  from  these,  secondary  Tructs  of  cellular  dements  radiate  and  sub¬ 
sequently  give  rise  to  ’the  epithelium  of  the  glandular  follicles  and  duets.  The 
developtticnt  of  the  follicles,  however,  temtin?  imperfect,  ■  except  in  the  parous 
female.  .  v<  b  .il  />’*'  !  / 


<hs 


'/  It&tm 

Di*feoitou  >T  Ur,  «owr*.r  half  of  tile  rnjttmn?  ♦luring  the  jv/rivd  of  iart&ikus.  ff.ticwUk*.' 


Structure  (Figs.  11TH* 1  •  imxcn iim  consists  of  jdund  -t  issue;  dof  ■  tihtfM*: ' limine,  m/j- 

uerurnc  }in  Inbt*:.  nml  of  fat » y  in  the  itUi.*rv?dk  befu  cdMlte  lobtis  The  ehmd  tissue  wb*n*. 

fre#d:  bom  .  fat* %  of  ji  pak*  f&fciisb  colra*;.fi mv  in.  faxfoiwv  tf  at&wd'.  from  before 

bkckv^krtl $h*®c*r  ih  A*  'circiiJii/emice  ' Thu  •  <surf&h?  of 

‘he  Od*ntfH:i  fjt^^u>N  uooiOi-vtiif  oivgular  process^  wiueh  projort  towfird  Ui<rKVtir;*od  me  joined 
to  if  by  howls  of  wnhitftmt;  fisfajitfr,  h  cvm&te,  numerous?  b*h^t  and  fht^c  ur*  romjxv^^i  \)F 
•.lobf*i«v  ronnt^;>vi  tpgeUiwby  tsxj&l&r  tissue,  &hd  dtfHFi.  The  lobule 

oonsiriri-  oi"  -a  yiti&tVr  of 'rounded  '»fvedU.  which  -open  -into  *  lit*  sm  idlest  tetiehus  of  *  ho  hot  ifefpu* 
ducts!  these  ductS  un He  fo  Judg.  -r*ud  st-.singte  »;ah&],  wdtfs 

oqe  of,  iJbe  otitef  subdmsiona  of  the  '  dbiste  varies  From  yjSf’ itetr. : 

■to  twenty;  they  nro  tornjed  Ibe  tuba):  I 'Vhzy  ot*nvg?ge  toward  the  ihreola^ 
whioh  thoy  forfvi  dilabitjhn;5  f*T  jWnpulfge,  t'rhHdv  ^orvf*  reserviure  te  the  rmlk.  and,,  kt  tiie  b^^?- 
nf  the  ptipnik*,  boomhe  en/draiy»^l  and.  (>uj?nH‘  a  Straight  edui^o  to  its  summit,  ii 
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by  separate  orifices  considerably  nAnwer  than  the  duets  thetristflvas  The  duote  aw  imposed 
of  oraoiar  tissue  Cimtaimng  luagitudinaJ  and  traa&ver^e  elastic  bbw;  avascular  fiber©  itreentinely 
absent  htbey  epithe¬ 
lium  resting  on  a  basement  membrane,  :  ^  ^ 

The  epithelium  of  the  wamma  d&etfe  ac¬ 
cording  to  the  #iate  of  activity  of  the 
organ.  »>F  »  woman  who  is 

not  pregtiant  or  sU^kteMr,  -tW 
very  arn^l  and  «tUd,  being- tilled  with  & 
tram  at  granular  poiylfadrat  yells,  During 
px^nmxcy  the  alveoli  umj  t{u>  e>)Da 

unfego  rapid  triattiph^ation.  At  the  com- 
nsimeutnbnt  of  (actaf ;i<Hp  the  ceils  m  the 
center  of  the  alveolus  undergo  fat  ly- degen¬ 
eration.  and are  eliminated  *tt'  the  first  i 
as  colostrum  corpuscles  Thb  peripheral 
ceil©  of  the  alveolus  reinam.  arid  fdrsn  a 
single  layer  of  graculnr,  eiiort  cOluinnox 
cells,  with  spherical  nucieg,  doing  the  base¬ 
ment  .membrane  The  edki  during  the 
state  of  aqtiVifey  oi  the  gland,  are  napablc  of  farming,  in  their  interior,  oil  globule©,  which  are 
then  ejected  '.into  the  lumen  pf  the  alvWtu$r  and  constitute  the  milk  globules*  When  ihe  acini 
are  distended  by  ijoefc^oti  the  lining  epHhcliurp: 

The  Sfereas  l*33ae  invests  the  entire  surface  of  the  mamma,  and  sends  down  sepia  between 
its  lobes,  connecting  them  together. 

The  l*tty  tissue  coyw  the  ©r/riV^  of  the  gland  *  and  occupies  the  interval  bo|W**?n  *<s  lobes'. 
It  asimliy  exists  in  considerable  abundance,  and  determines  the  form  and  sue  of  the  gtatiri.  There 
i-s  hu  fat  immediately  beneath  the  areola  and  papilla 

Vessels  and  Nerves,— The  arteries  supplying  the  nmnxrm  fu-e  dorived  from  the  thoracic 
branches  ut  the  tb&  mteruosUls,  and  th^  ’inrerrutl  ^iuunmty  The  veios  describe  an 

suiostomotic  circle  around  the  base  of  the  papilla',  called  \xy  If  a  Her  the  circtUos  venosus,  From 
this*  largfr  branches ' uxuasm'i r.  t  he  blood  to  tbfe ■  'dit^rbferbtCi,i:' of  the  gland,  and  end  in  tfe  axillary 
god  internal  wiiDimiity  veins.  The  lymphatics  are  described  oh  page  71  A,  The  nerves  are 
derived  from  the  anterior  and  lateral  nitaneaus  branches  of  the  fourth,  fifth,  and  sixth  thoracic 
tierves. 

TB&  DUCTLESS  <JMN»S 


mim. 

fw.  lifts 


mss'., ...... 

$tiff*tvtvn  r*t  portion  of  nrnmnia. 


. v .  _  .  t  _  _  ^ 

their  ^eretuui  is  dfeeharg^L  These  organs  are  kirnwtt  as  dactless  glau&s.  They 

are  eapablefll  infer  fiat  necretim^  that  is  to  say  ,  y>f  fombrt^  from  niateri^fe  lihuighi 
to  them  in  the  hfoodj  substances  which  have  a  cmdiij  m&itepce  upon  the,. nutritive 
and  oth^r  ^hartges  going  <m  iu  the  body.  This  s^r^tkni /&  parried  ..into  the  Wood 
stream,  either  rhreetly*  hy  the  veins  or  iodireet^  tlifthfgh  the  medium  of  the 

.'y..<  ’  V.  ’  .. 

These  glands  include  the  thyroid,  the  parathyroids  and  the  thymm:  the  pituitary 
body  and  the  piie&l  body ;  the  chrnmophil  and  cortical  systems  td  which  belong  The 
supr&renids,  the  pamgao&Ua  ami  aortic  gland*;  the  glomca  caioitetfxtf  md  perhaps 
the  glomus  cpcoyg*uinv  The  spleen  is  usuailv  Indurled  in  this  list  and  sometimes  the 
lympb  Afut  Ueaxolyppb  nodes  d?s€Tilw<d  With  the  fyinphatie  svstetti.  Oilier  glands, 
as  the  liver,  pancreas  and  seviial  gland, >  gi%e  off  internal  secretions,  do  the 
gastric  and  intestinal  inueous  membranes^ 


THE  THTBOED  GLAND  (GLANDULA  THYREOEDEA;  THYROID  BODY) 


Development Tite  thyroid  gland  is  de^einped  from-  a  median  di1,  enieuium 
list f V i .  which  appears  about  the  fourth  wwdv  ^n  the  summit  of  the  tuber- 
cufutia;  rritpur,  but  iater  is  found  in  the  hirrow  itomeihaiely  hclVitid  the  tuber- 
enhnn  (Kig.  ^09).  •  It  grows  down  ward  -amt  buck  Ward  'a*  a  tubular  duet,  which 
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bifurcates  and  subsequently  subdivides  into  a  series  of  cellular  cords,  from 
which  the  isthmus  and  lateral  lobes  of  the  thyroid  gland  are  developed.  The 

ultimo-branchial  bodies  from  the  fifth 
pharyngeal  pouches  are  enveloped  by 
the  lateral  lobes  of  the  thyroid  gland; 
they  undergo  atrophy  and  do  not  form 
true  thyroid  tissue.  The  connection  of 
the  diverticulum  with  the  pharynx  is 
termed  the  thyrogloss&l  duct;  its  contin¬ 
uity  is  subsequently  interrupted,  and  it 
undergoes  degeneration,  its  upper  end 
being  represented  by  the  foramen  cecum 
of  the  tongue,  and  its  lower  by  the 
pyramidal  lobe  of  the  thyroid  gland. 

Anatomy.  —  The  thyroid  gland  is  a 
highly  vascular  organ,  situated  at  the 
front  and  sides  of  the  neck;  it  consists 
of  right  and  left  lobes  connected  across 
_ _  -  _ _  _ _ _ _  the  middle  line  by  a  narrow  portion, 

chin!  epithelial  bodie*.  (Modified  from  Kohn.)  JT,  .1  .  _  r,  *  •  \  . 

jj,  ///.  iv.  Branchial  pouobes,  the  isthmus.  Its  weight  is  somewhat 

variable,  but  is  usually  about  30  gram.-. 
It  is  slightly  heavier  in  the  female,  in  whom  it  becomes  enlarged  during  menstru¬ 
ation  and  pregnancy. 


Thyroid  gland 


Parathyroids 


Thymus 


Thymus 


ExUrytal  carotid  artery 


Superior  thyrbid  artery 


Suj^nc*  thyroid  vein 


Vagus  nerve 


Fio.  1197> — The  tnyroid  gland  and  its  relation*. 


The  lobes  ( lobuli  gl.  thyreoidecp)  are  conical  in  shape,  the  apex  of  each  being 
directed  upward  and  lateralward  as  far  as  the  junction  of  the  middle  with  the  lower 
third  of  the  thyroid  cartilage;  the  base  looks  downward,  and  is  on  a  level  with  the 
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fifth  or  sixth  tracheal  ring.  Each  lobe  is  about  5  cm.  long;  its  greatest  width  is 


lliyrcoideus,  and  the  ihigjp^etrach^ftl  layer  of  the  deep 

fascia,  which  forms  a  eapsuk  for  the  gland.  The  (leap  or, medial  surface  is  moulded 
over  the  underlying  structures,  vi?,.  the  thyroid  ami  cricoid  cartilages,  the  trachea, 
the  Constrictor  pharyngk  inferior  and  posterior  part  of  the  CricothyrgojdcMS, 
the  esophagus  •  (particularly  -  op  the  left  ride  of  the  ueckk  the  superior  ami  inferior 
thyroid  arteries,  and  the  recurrent  nerves.  The  anterior  border  is  thin,  and  itidines 
obliquely  from  above  downward  toward  the  middle  line  of  the  neck,  white  the 
posterior  border  is  thick  and  overlaps  thy  chimhon  carotid  artery,  anti,  As  a  rule, 
the  parathyroids-  ■  ’ 

The  isthmus  titfkmu*  gt.  Ihgreoulm)  Connect*  together  the  lower  thirds  of  the 

-is I ri,, I-,,.  - . £>. * t ^  11. 


however,  many  variations.  In  the  middle  litre  nf  the  peek  It  k  covered  by  t  in--  skin 
and  fascia,  arid  close  to  the  middle  line,  on  either  ride,  ••!»£ 

Across  its  upper  border  runs  .an  .anastomotic  branch  uniting  the  two  superior; 
thyroid  arteries;  at  its  lower  border  are  the  inferior  thyroid  veins.  Sometimes  the 
isthmus  is  altogether  wanting^ 

A  third  lobe,  of  conical  shape,  called  the  pyramidal  iobe,  frequently  arisen  from 
the  upper  part  of  the  isthmus,  or  from  the  adjacent  portion  of  either  lobe,  but 
most  commonly  the  left,  and  ascends  as  far  as  the  hyoid  bone.  It  h  occasionally 
quite  detached,  or  may  be  divided  into  two  or  more  parts, 

A  fibrous  or  muscular  band  is  sometimes  found  attached,  above,  to  the  IkWly 
of  the  hyoid  bone,  and  below  to  the  isthmus  of  the  gland,  or  its'  pyramidal  lobe. 
When  muscular,  it  is  termed  the  Levator  glandulas  thyreoidetB, 

Small  detaoiicd  portions  of  thyroid  tissue  are,  sometimes  .found  in  the  vicinity 
of  the  litoral  lobes  or  above  the  isthmus;  they  -are  called  accessory  thyroid  flanda 
■'(gfaiidutv  thy!W>Mka!  aisrosadritp}. 

Struetnre.— Tiio  thyr'kdgh’nd  .&  iavraksd  by  a  thiivvripsule  orirOfiBefcti'fe  tissue,  ftbiVlt  pro¬ 
jects  intu  its  substance  and  iinperfeetly  ricvi»lo*  it  iiUu  ,;•(»*#«•»  *,f  iwsguini  form  and  site,  When 

yt&gijQfjgtg}  •  .  '  "  '  ~  "■  I  '  **  MM  ■  '  |  I  |  jm  | 

eloewl  v 
ounpective 


*?*s3  Vriti'it  •{> j''-Vriiv  t,',v!jV 


Crjlfyul jnnbriah , 

.  /riktiful  in  - 

:  ,  j OMtnt 

.  .  .  xpftfciivty 


Pfoir  ib'yvCtUi  ifintiJ  at  X  Stifc 

The  v'»^ide».of  the  tfcytpui ')h$ *re  gtnu*filJtv ' 4o&d  >5pUerieiil  siis* ;  lull  in  * 
( &*&>:•  taore  or  l?M  tabular  #aid- 


tfiime 

This 


I ly,M  jp^r.^ ,.  v  ¥.  m  , .  ... 

•jjppearaiw*^  is  tiuppo^ivl  to  af  growth  of  the?  unil  u«^r(?!y  iiKiw:ato^  thuts 

af>  vj  the  tiuinber  »v( .•§&  Tikiug  place.  Eauji  vesicle?  is  liu^l  by  a-  eia^k  layer  .of 

$1. 
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cubical  epithelium.  There  does  net  appear  to  be  a  basement  membrane,  so  that  the  epithelial 
cells  are  in  direct  contact  with  the  connective-tissue  reticulum  which  supports  the  acini.  The 
vesicles  are  of  various  sizes  and  shapes,  and  contain  as  a  normal  product  a  viscid,  homogeneous, 
semifluid,  slightly  yellowish,  colloid  material;  red  corpuscles  are  found  in  it  in  various  stages 
of  disintegration  and  decolorization,  the  yellow  tinge  being  probably  due  to  the  hemoglobin, 
which  is  thus  set  free  from  the  colored  corpuscles.  The  colloid  material  contains  an  iodine  com¬ 
pound,  iodolhyrin ,  and  is  readily  stained  by  eosin.  According  to  Bensley1  the  thyroid  gland 
prepares  and  secretes  into  the  vascular  channels  a  substance,  formed  under  normal  conditions  in 
the  outer  pole  of  the  cell  and  excreted  from  it  directly  without  passing  by  the  indirect  route 
through  the  follicular  cavity.  In  addition  to  this  direct  mode  of  secretion  there  is  an  indirect 
mode  which  consists  in  the  condensation  of  the  secretion  into  the  form  of  droplets,  having  high 
content  of  solids,  and  the  extension  of  these  droplets  into  the  follicular  cavity.  These  droplets 
are  formed  in  the  same  zone  of  the  cell  as  that  in  which  the  primary  or  direct  secretion  is  formed. 

This  internal  secretion  of  the  thyroid  is  supposed  to  contain  a  specific  hormone  which  acts  as  a 
chemical  stimulus  to  other  tissues,  increasing  their  metabolism. 

Vessels  and  Nerves. — The  arteries  supplying  the  thyroid  gland  are  the  superior  and  inferior 
thyroids  and  sometimes  an  additional  branch  (thyroidea  ima)  from  the  innominate  artery  or  the 
arch  of  the  aorta,  which  ascends  upon  the  front  of  the  trachea.  The  arteries  are  remarkable 
for  their  large  size  and  frequent  anastomoses.  The  veins  form  a  plexus  on  the  surface  of  the 
gland  and  on  the  front  of  the  trachea;  from  this  plexus  the  superior,  middle,  and  inferior  thyroid 
veins  arise;  the  superior  and  middle  end  in  the  internal  jugular,  the  inferior  in  the  innominate 
vein.  The  capillary  bloodvessels  form  a  dense  plexus  in  the  connective  tissue  around  the  vesicles, 
between  the  epithelium  of  the  vesicles  and  the  endothelium  of  the  lymphatics,  which  surround 
a  greater  or  smaller  part  of  the  circumference  of  the  vesicle.  The  lymphatic  vessels  run  in  the 
interlobular  connective  tissue,  not  uncommonly  surrounding  the  arteries  which  they  accompany, 
and  communicate  with  a  net-work  in  the  capsule  of  the  gland;  they  may  contain  colloid  m&teniL 
They  end  in  the  thoracic  and  right  lymphatic  trunks.  The  nerves  are  derived  from  the  middle 
and  inferior  cervical  ganglia  of  the  sympathetic. 

THE  PARATHYROID  GLANDS  (Fig.  1199). 

Development. — The  parathyroid  bodies  are  developed  as  outgrowths  from  the 
third  and  fourth  branchial  pouches  (Fig.  1197). 

A  pair  of  diverticula  arise  from  the  fifth  branchial  pouch  and  form  what  are 
termed  the  ultimo-branchi&l  bodies  (Fig.  1197):  these  fuse  with  the  thyroid  gland, 
but  probably  contribute  no  true  thyroid  tissue. 

Anatomy. — The  parathyroid  glands  are  small  brownish-red  bodies,  situated  as  a  rule 
between  the  posterior  borders  of  the  lateral  lobes  of  the  thyroid  gland  and  its  capsule. 
They  differ  from  it  in  structure,  being  composed  of  masses  of  cells  arranged  in  a 
more  or  less  columnar  fashion  with  numerous  intervening  capillaries.  They  meas¬ 
ure  on  an  average  about  6  mm.  in  length,  and  from  3  to  4  mm.  in  breadth,  and 
usually  present  the  appearance  of  flattened  oval  disks.  They  are  divided,  accord¬ 
ing  to  their  situation,  into  superior  and  inferior.  The  superior,  usually  two  in  number, 
are  the  more  constant  in  position,  and  are  situated,  one  on  either  side,  at  the  level 
of  the  lower  border  of  the  cricoid  cartilage,  behind  the  junction  of  the  pharyni 
and  esophagus.  The  inferior,  also  usually  two  in  number,  may  be  applied  to  the 
lower  edge  of  the  lateral  lobes,  or  placed  at  some  little  distance  below  the  thyroid 
gland,  or  found  in  relation  to  one  of  the  inferior  thyroid  veins.* 

In  man,  they  number  four  as  a  rule;  fewer  than  four  were  found  in  less  than  1 
per  cent,  of  over  a  thousand  persons  (Pepere3),  but  more  than  four  in  over  33  per 
cent,  of  122  bodies  examined  by  Civalleri.  In  addition,  numerous  minute  islands 
of  parathyroid  tissue  may  be  found  scattered  in  the  connective  tissue  and  fat  of 
the  neck  around  the  parathyroid  glands  proper,  and  quite  distinct  from  them. 

Structure. — Microscopically  the  parathyroids  consist  of  intercommunicating  columns  d 
cells  supported  by  connective  tissue  containing  a  rich  supply  of  blood  capillaries.  Most  of  the 
cells  are  clear,  but  some,  larger  in  size,  contain  oxyphil  granules.  Vesicles  containing  colloid 
have  been  described  as  occurring  in  the  parathyroid,  but  the  observation  has  not  been  confirmed. 

1  American  Journal  of  Anatomy.  1916,  vol.  19. 

*  Consult  an  article  “Concerning  the  Parathyroid  Glands,”  by  D.  A.  Welsh,  Journal  of  Anatomy  and  Physiology, 
vol.  32. 

3  Consult  Le  Ghiandole  paratiroidee,  by  A.  Pepere,  Turin,  1906. 


Pfo*  doubt  thtt  parathyroid  gland*  produce  att  infernal  secretion  -essential  to  the  weil-bemg 
of  th*  htiro&u  ©oooomy  ;  bjit  it  is  s  til}  %  ftt&U&r  *wfcat>  .of  disease  m>  pr(* 


{faced  by  their  removed  and  rjuppra^Oddi  itudrsi'crHion.  Pepere  believe  that  they  show 
signx  of  exceptional  activity  daring  pre^hxici^  and  ffe  parathyroid  insrufliciertcy  is  a  mails 
fa*%l or  it}  the  produotipa  of  tetany  ,  in  iiifab^  iihd  Jiddlts,  of  eclampsia,  and  of  certain  sorts  of 
£ta  It  ;b' probable'  that  the  .teU tty  folio Wtnfe  phrutKyr^^  to  the  aeeamulatie»a  of 

ammonium  carbonate  and  Kendall  has  augges  ted  that  the  inaction  of  the  para  thyroid  is  bywa- 
vert  itumionium  carbonate  into  urea.  .  .  -w  v^d/H'y 


*  •  >' ar odd 

■  ys«t*yy  • 

ctvnV  jwatky- 

',•••■  ■  *yvU  ',yv' 


/'■  ■ 

o^v^a,..'.  v,j  laryn- 

•fcAjt 


£Vo  !  I  MM  — JP*i  r».r.h3fTvjK|  fclaftds  ( i  1  awil  ) 

THE  THTMUS  GLAND  (Fig.  1200;. 

The  tliyitnij.  appears  in  the  for^V  of  two  flask-shiti^l  ehUidermal 

ttU^hderni  in 

front  of  the  ventral  Aortic.  Here  they  meet  arid  Weenie  joined  to  nne  another  by 
connective  tissue,  but  there  is  never  any  fusion  of  the  thymus  tissue  proper,  The 
pharyngeal  opening  of  each  diverticulum 'i*  soots  obliterated.  but  the  neck  of  the 
flask  persists  for  some  time  as.  a  cellular  curd.  By  further  proliferation  of  the  ceils 
lining  the  flask,  buds  of  cells  are  formed,  winch  become  surrounded  and  isolator 
by  the  invading  raesotlmo,  In  the  latter,  numerous  lymphuid  cells  make  their 
appearand*,  and  are  aggregated  (>•  form,  lymphoid  follicles.  These  iytnph.uO 
cells  are  probably  derivatives  of  the  etitudernjul  cells  which  lined  the  original 


_  Development.-??! . 

diverticula,  which,  arise,  one  on  cither  side,  from  the  third  braticlvial  pouch  (Fig. 
1197),  and  extend  kteralward  and  backward  intn  the 
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diverticula  ssntJ  their  Subdividoos,  Additional  portions  of  thymus  tissue  sre 
sometimes  developed  from  the  'fourth;  brauehuil  ppwehes.  Thymus  continue? 
to  gr<ivr  until  the  t  ime  of  puberty  a  ml  tjjeu  iiegtns  to  atrophy. 

Anatomy. — The  thyinus  is  a  temponirv  organ,  .attaining  its  largest  size  at  the 
time  of  puberty-  (Hammar)  ,  when  it  ec***  to  gruw.  gradually  dwindles,  and  almost 
disappears.  If  exaftbued  v;  hen  its.  growth  is  most  active,  it  will  be  found  to  (  <>n- 
sist  of  two  lateral  febes  played  in  close  contac  t  along  the  -middle  line,  srtuatd 
partly  .-in  the  thorax,  partly  in  the  neck,  aw'd  extending  from  the  fourth  costal 
cartilage  upvrurd,  jtfr&jgh  as  the  lowr  border  of  the*  thyroid  gland.  it  is  covens’ 
by  the  sternum,  and -by  tfe  origins  of  fhh  ^tmxibyoidei  and  Sternvthyrcoidd. 


Xfts.  tUyjiiiw  >f  n  miA-tun**  'foi ku^.  $4fcsJs**i  *»  'it*. 


Below,  it  rcsk  upon  the  pericardium,  being  separated  froru  the  aortic  arch  ami  ! 

great  vessels  by  a  layer  of  fascia,  in  the  neck  it  lies  on  the  front  and  sides  of  the  j 

trachea,  behind  'the  •Sterwehypidci  .and  Sternot.hy.«vouiei;  The  two  IoIjcs  gcnefaBy 
differ  tnatze.  they  are  MHiadouaffy  united,  so  ns  to  form  n  single  muss;  and  some¬ 
times  separated  by  at?  intermediate  lobe.  The-  thymus  53  of  c,  pinkish-gray  odor, 
soft,  and  kbukted  on  its  surfaces;  Jf  js  about  5  cm.  in  kiigih,  4  era,  in  hrmitlt 
beloistiiatVRi  ttt rn-  in  thicknass.  At  birtli  tf  weighs  about  45  gr&aupwt  puberty- 

it  'sveighs  aktut  do  grams;  after  this,  it  gradually  decreases  £0  25  .grams  »t  ttVciib- 
hvr  ycafs(  fe.s  tha.j!  15  grams  at  akty,  aud  about  0  grams  at  .seventy  yearn.. 

:.4toMMiArrt Ba£fc  kllebd  lube  is  c^mpoaadiuf  aumt^ua  Jobulas  &d4  together-  by 
txmxei  i}\&  entire  irhuid  iwrrfg-- cudos-fn}  Mi  an  capsule  of  adfiinilaf  but 

sitiiotiiTe,  The  primary  lobules  van  iiratw?  from  that  of  .**  pmV,  Imad  to  Unit  of  a  small  \>?l,  ^ 
tire  >  j  ;*gtf  t^uil!  Tfre^uiar  io  dbape  s.«ci  ar*  ufcW- 

or  tesrt  p8«vi  vo^elher.  vfcpemily  toward  the  interior  of  the  gland.  kac.h  iuihclo  is  from  1  U  2  *jcu- 
.  ,i?»  diameter  iftjii  «of«sisUi  of  n  medullary  and  W  wriotil  porlio?«,  apd  ■  these  differ  m  many; 

particulars  from  each  »*lhvr.  The  voittcsd  port^  isdamwly  of  lymphoid  *&&?, 

by  a . fretwork of  HnMy  hnwtjho<l  wdl&T'tf  hicli us ^miunutm  With  a  similar  network  in  th»*  rp&islkrs 
poxtion.  Titir*  ux+'&M:  term*  ;ut  adventitiV  ixy  the  blood ve^hW  In  the  mettalUzy  pcftaon  'b*- 
fetieuhLm  is  :p.pjsgfc#  thnn .  fft  the  eortbdr,  iho  b^phoid  etilte  tire relatively.-  lewer  yd  xoi 

tb/ere  arc  found  peculiar  nestdike  bodies  the  conedu trie-- er*  pusdc?i -of  liaasalb  TfWo  irjurt.fim* 
opposed  of  a  central  itia&i  tGusisiiiJi?  om  ox  o)ore  $ruuula£  mb!  ^  « 

' capsule  wbteh  is  toroid  of  cpitheiioid  vdla  (Fig.  K-OI),  Tm~y  are  ihr  remains  >:<’/  >i.e 
TuM  which  iiv.W'Ont  from  tin*  third  branchial  pouch.':*  of  the  ^robsw  to.  ion*  tbo: ■lhyfr.,.ii 
?vach.  ftihiele  in  suiToiioded  -by  n  v Uvular,  ploxus.  tram  wtUvb  p:*f&  rto  tittr-tb* 

and  tddmte  Crum  the  peuiplWry  toward  tht  venter,  Xdnhitig:  a.  .second* 'isoue  prat  tnf&iip  the  hiar^ 
of  tlie  medullary  portion,  hi  the  center  of  the  medullary  portion  there  are  roiy  fe*  vegg^la,  nad 
1  vp  v;.>(-.  they  are  of  mi  mite  size.  v'  ••  i ' ; 

^  /  /  1  WatntM*  ha.*?  omde  tiie.  important  observation  ..that; .‘hemoglobin, found  w  the  thymus,  either 
iiif  .cystiS'-oc  irj  tWfe  sit-tnUed  near  -to,  or  forming  part  of,  the  eoncontrk  avrpmjclesi  This  heme- 
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globin  occurs  as  granules  or  as  circular  masses  exactly  resembling  colored  blood  corpuscles.  He 
has  also  discovered,  in  the  lymph  issuing  from  the  thymus,  similar  cells  to  those  found  in  the 
gland,  and,  like  them,  containing  hemoglobin  in  the  form  of  either  granules  or  masses.  From 
these  facts  he  arrives  at  the  conclusion  that  the  gland  is  one  source  of  the  colored  blood  corpuscles. 
More  recently  Schaffer  has  observed  actual  nucleated  red-blood  corpuscles  in  the  thymus.  The 
function  of  the  thymus  is  obscure.  It  seems  to  furnish  during  the  period  of  growth  an  internal 
secretion  concerned  with  son>e  phases  of  body  metabolism,  especially  that  of  the  sexual  glands 
Vessels  and  Nerves. — The  arteries  supplying  the  thymus  are  derived  from  the  internal 
mammary,  and  from  the  superior  and  inferior  thyroids.  The  veins  end  in  the  left  innominate 
vein,  and  in  the  thyroid  veins.  The  lymphatics  are  described  on  page  G98.  The  nerves  are 
exceedingly  minute;  they  are  derived  from  the  vagi  and  sympathetic.  Branches  from  the  descen¬ 
ded  hypoglossi  and  phrenic  reach  the  investing  capsule,  but  do  not  penetrate  into  the  substance 
of  the  gland. 


Cofolt-nlrW: 

corputde 


.  ¥  /.  '  *■  .  1 


Granular 

cell# 


Fio  12C1. — Minute  structure  of  thymus.  Follicle  of  injected  thymus  from  calf,  four  days  old,  slightly  diagram¬ 
matic.  magnified  about  50  diameters.  The  larg«  vessels  are  disposed  in  two  rings,  one  of  which  surrounds  the  follicle, 
the  other  lies  just  within  the  margin  of  the  medulla.  (Watney.)  ,4  and  B  From  thymus  of  camel,  examined  without 
addition  of  any  reagent.  Magnified  about  400  diameters.  A.  Large  colorless  cell,  containing  email  oval  masses  of 
hemoglobin.  Similar  cells  are  found  in  the  lymph  glands,  spleen,  and  medulla  of  bone.  fl.  Colored  blood  corpuscles. 


The  hypophysis  ( pituitary  body)  (Fig.  1202)  is  a  small  reddish-gray  body,  about 
1  cm.  in  diameter,  attached  to  the  end  of  the  infundibulum  of  the  brain  and  resting 
in  the  hypophyseal  fossa. 

Development  of  the  Hypophysis  Cerebri. — The  hypophysis  (Fig.  1203)  is  derived 
from  two  distinct  sources,  the  hypophyseal  diverticulum  or  Eathke’s  pouch,  from  the 
ectoderm  of  the  primitive  mouth  cavity  in  front  of  the  oral  plate  and  the  infundi¬ 
bular  diverticulum  from  the  floor  of  the  brain.  In  the  rabbit  and  probably  in  man 
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Fla.  1202 — The  hypophysis  cerebri  in  position.  Shown  in  sagittal  section. 
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Fto  1203.— Vertical  aoctimw  of  the  head#  of  early  embryo#  of  the  rabbit.  Magnified.  (From  MibAlkoTjc#  >  .4 
From  an  embryo  fi’ mm.  topif  h  From  an  embryo  (>  inui.  long.  t\  Vertical  section  of  the  an  tenor  *.ud  of  the 
notochord  aud  hypoph>  sin,,  ole  .  from  an embryo  Id  mm.  long,  l.o  A  the  bunco- pharyngeal  membrane  i»  rtd!  po* 
exit.  In  B  it  U  in  the  process  of  disappearing.  and  the  rtomodeum  now  comuuimeate*  with  the  primitive  phar* ei 
am.  Amnion,  c.  Fore-brain,  ch.  Notochord.  /  Anterior  extremity  of  fore-got.  i.  h  Heart.  %/,  Iafundibulnrc 
m.  Wail  of  brain  cavity  me  Mid-brain,  mo  Hind-brain  p.  Original  position  of  hypophysial  djvmieulutfc. 
p*/  ph.  Pharynx  tpA.  Sphenoethmoidal  .fee.  Central,  tp.a.  Sphenooccipital  part#  of  basis  oranh  Lho.  Thalnmua. 
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tire-  h^ojjhv'seal  diverticulum  .gives  rise  tu  Tfatee  the  pars  anterior  /anterior 
lobe),  the  pars  intermedia  find  the  pars  iuberaUs  (Piss;  i^iU  snd  1205).  The  infim- 
dihuliir  diverticulum  gives  rise  to  the  posterior  oc  aeurcd  ktbe.  The  pars  anterior 
(anterior  k‘l>e  proper)  constitutes  the  bulk  of  thp  hypophj>sea!'  part,  and  is  derived 
fn>m  the  anterior  wall  of  the :  diverticuluim  The  pars  htteriaedia  is  derived,  from 
list-  posterior  wall  of  the  diverticulum..  It  rorues  into  close  relation  with  and  almost 
eoinptetely  surrounds  the  infutldibular  diverttculum.  It  is  more  or  less  separated 


Fig.  13fl.V~.jDi!^mmiijnue  section  of 

motiril  shown  it)  Fig.  43tj4v  X  y  -Na'«al  end  at 
ritfM  unci  iieurul  tnh<\  lifted;  tmira 

■  media;  Vjliii  black*. ‘pars  ?-nb»:f»iia,  warn*'  Orient** 

unfenor  lobe  reaper,  6htoytripplr;  .i,  B  attul  C  ir.iiic’tto 
the  reiwoMw  t»rilaric«i»fti>d  shoyrn  iti  A,  ft  'ao.it  ro«peo 
lively  of  Fig.  U'lri-  i.AtwdM 


Fig.  .of  brain 

Wslt  front  a  f*nri,y  <lMy  miiho-v,  jrc«r.i  tbr-  k*k 

*ide  X'.  2%/  b.  it*.,  brain  '.walk  p'. 

M  r  ataifei  f.HtmUor  tabiy  .*0  7- •  *  lobe 


from  the  pars  anterior  by  the  resrih jal  lumen  of  the  (liverticulmo.  Thus  it  seems 
to  be  more  a  part  of  the  posterior  lobe  than  the  anterior.  The  pars  tubcralis  arises 
early  as  iim  lateral  lubes,  from  i jie  .  c U v^e rt  ieul u un r  \vhfc*U:  extend  for¬ 

ward  to  the  under  surface  of  the  brain  wait,  and  fuse  to  form  a  thin  piate  part  of 
w  hirti  surrounds  the  Peek  of  the  posterior  lube.-  'I'be  infundibular  diverticulum 
from  the  floor  of  the  third  ventricle'  lies  behind  the  hypophyseal  divmtir)  dmio 
i  ts  extremity  becomes  modified  to  form  the  posterior  htbe  while  the  part  attached 


m  ■■ 

mm 


,Fti>  3  2*}A.— rirswioc^t  n#  the  RiiJt£&E<Ad A.  R  and  C'bt]  Fit  \2pJV  ’  X  ..  A.  unptrijrfi;  fob*? 

B,  iiii^rwrdi*,  0.  p»**ii-'ti3b«»TaUi?;  Jvtk  "»«‘«r*r  .luffeY  .$>.  t/tl ,  par*  lotjurniediry  r;  rt-ddaal  Irmitsn^ 
r-,>i?£Fr»or  tobrii  m  ‘a?.,'  braid  Par*  '-.iXifrmi )' 


o*  tho  brain  is  known  us  the  vrihmdihulum  The  walls  of  the  posterior  lobe  become 
folded,  hi  a  very  ci/Vn(>iR:at^i  manner  so  that  its  cavity  is  obliterated,  and  ditVoren- 
fi.pm  into  a  modified  »:)K*i)d.yffud  am!  iiatrogliM  tissue;  The  epithelium  of  the*  pars 
anterior  diffejrwit&fc&  into  ay  irregular  network  of  cdl-eords  between  He 

' irregular  shaped  hloodvt^d*.  The  pars  imenmdia  remains  as  a  rdariwly  thin 
:^heet.  Of  epithelium,  -poorly  \  a>eularized.  The  pars  (uU ralis  lmemra-y  a- thin  Jay  er 
lying  m  the  pja  natter  and  oTibitsu  distinct  tubular  or  alveolar  structure 
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A  canal,  craniopharyngeal  canal,  is  sometimes  found  extending  from  the  anterior 
part  of  the  fossa  hypophyseos  of  the  sphenoid  bone  to  the  under  surface  of  the  skull, 
and  marks  the  original  position  of  Rathke’s  pouch;  while  at  the  junction  of  the 
septum  of  the  nose  with  the  palate  traces  of  the  stomodeal  end  are  occasionally 
present  (Frazer). 

Structure. — The  hypophysis  consists  of  an  anterior  and  a  posterior  lobe  a  pars  inter¬ 
media  and  a  pars  tuberalis  which  differ  from  one  another  in  their  mode  of  development 
and  in  their  structure  (Fig.  1 207) .  The  anterior  lobe  or  pars  anterior  is  the  larger  and  is 
somewhat  kidney-shaped,  the  concavity  being  directed  backward  and  embracing 
the  posterior  lobe.  It  is  extremely  vascular  and  consists  of  epithelial  glandular  cells 
of  vary  ing  size  and  shape,  arranged  in  cord-like  trabeculae  or  alveoli  and  separated 
by  large,  thin-walled  bloodvessels.  The  pars  intermedia  is  a  thin  lamina  closely 
applied  to  the  body  of  the  posterior  lobe;  it  contains  few  bloodvessels  and  consists 
of  finely  granular  cells  betw’een  which  are  small  masses  of  colloid  material.  The 
pars  intermedia  in  spite  of  the  fact  that  it  arises  in  common  with  the  pars  anterior 
from  the  ectoderm  of  the  primitive  buccal  cavity  is  often  considered  as  a  part  of 
the  posterior  lobe  which  arises  from  the  floor  of  the  third  ventricle  of  the  brain. 


Fiq.  1207. — Diagram  of  a  median  section  of  the  hypophysis  and  adjoining  brain  wall  of  man.  (After  Tilney.) 
Pars  infundibularis  equals  pars  intermedia  and  pars  distalis  equals  pars  anterior.  1,  Third  ventricle;  2,  laminae  ter  - 
minalia:  3,  optic  chiasm;  5,  corpora  mammiltaria;  6,  area  premammil laris;  8,  recessus  infundibularis;  9,  eminent ia 
saccularis:  10,  infundibulum;  11,  processus  infundibuli;  12,  pars  tuberalis;  13,  pars  infundibularis;  14,  pars  dis¬ 
talis;  15,  lumen  residual. 

The  pars  tuberalis  consists  of  a  thin  plate  of  glandular  cells  that  extends  forward 
from  the  pars  anterior  against  the  floor  of  the  brain  and  infundibular  stalk,  which 
it  surrounds.  Although  of  nervous  origin  the  posterior  lobe  contains  no  nerve  cells 
or  fibers.  It  consists  of  neuroglia  cells  and  fibers  and  is  invaded  by  columns  which 
grow  into  it  from  the  pars  intermedia;  imbedded  in  it  are  large  quantities  of  a 
colloid  substance  histologically  similar  to  that  found  in  the  thyroid  gland.  In 
certain  of  the  lower  vertebrates,  e.  g .,  fishes,  nervous  structures  are  present,  and 
the  lobe  is  of  large  size. 

From  the  pars  intermedia  a  substance,  no  doubt  an  internal  secretion,  causes 
constriction  of  the  bloodvessels  with  rise  of  arterial  blood-pressure.  This  substance 
seems  to  have  a  stimulating  effect  on  most  of  the  smooth  muscles,  acting  directly 
upon  the  muscle  causing  contraction.  It  also  increases  the  secretion  of  the  urine; 
of  the  mammary  glands  when  in  functional  activity;  and  of  the  cerebrospinal  fluid. 
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Extracts  of  this  lobe  also  influence  the  general  metabolism  of  the  carbohydrates 
by  accelerating  the  process  of  glycogenolysis  in  the  liver. 

The  pars  anterior  exercises  a  stimulating  effect  on  the  growth  of  the  skeleton  and 
probably  on  connective  tissues  in  general. 

Enlargement  of  the  hypophysis  and  of  the  cavity  of  the  sella  turcica  are  found  in  the  rare 
disease  acromegaly ,  which  is  characterized  by  gradual  enlargement  of  the  face,  hands,  and  feet, 
with  headache  and  often  a  peculiar  type  of  blindness.  This  blindness  is  due  to  the  pressure  of 
the  enlarging  hypophysis  on  the  optic  chiasma  (Fig.  1202). 


THE  PINEAL  BODY. 

The  pineal  body  (epiphysis)  is  a  small  reddish-gray  body,  about  8  mm.  in  length 
which  lies  in  the  depression  between  the  superior  colliculi.  It  is  attached  to  the 
roof  of  the  third  ventricle  near  its  junction  with  the  mid-brain.  It  develops  as  an 
outgrowth  from  the  third  ventricle  of  the  brain. 

In  early  life  it  has  a  glandular  structure  which  reaches  its  greatest  development 
at  about  the  seventh  year.  Later,  especially  after  puberty,  the  glandular  tissue 
gradually  disappears  and  is  replaced  by  connective  tissue. 

Structure. — The  pineal  body  is  destitute  of  nervous  substance,  and  consists  of  follicles  lined 
by  epithelium  and  enveloped  by  connective  tissue.  These  follicles  contain  a  variable  quantity 
of  gritty  material,  composed  of  phosphate  and  carbonate  of  calcium,  phosphate  of  magnesium 
and  ammonia,  and  a  little  animal  matter. 

It  contains  a  substance  which  if  injected  intravenously  causes  fall  of  blood-pressure.  It  seems 
probable  that  the  gland  furnishes  an  internal  secretion  in  children  that  inhibits  the  development 
of  the  reproductive  glands  since  the  invasion  of  the  gland  in  children,  by  pathological  growths 
which  practically  destroy  the  glandular  tissue,  results  in  accelerated  development  of  the  sexual 
organs,  increased  growth  of  the  skeleton  and  precocious  mentality. 

THE  CHROMAPHIL  AND  CORTICAL  SYSTEMS. 

Chromaphil  or  chromaffin  cells,  so-called  because  they  stain  yellow  or  brownish  with 
chromium  salts,  are  associated  with  the  ganglia  of  the  sympathetic  nervous  system. 

Development. — They  arise  in  common  with  the  sympathetic  cells  from  the  neural 
crest,  and  are  therefore  ectodermal  in  origin.  The  chromaphil  and  sympathetic 
cells  are  indistinguishable  from  one  another  at  the  time  of  their  migration  from  the 
spinal  ganglia  to  the  regions  occupied  in  the  adult.  Differentiation  of  chromaphil 
cells  begins  in  embryos  about  18  mm.  in  length  but  is  not  complete  until  about 
birth.  The  chromaphiloblasts  increase  in  size  more  than  the  sympathoblasts  and 
stain  less  intensely  w  ith  ordinary  dyes.  Later  the  chrome  reaction  develops.  The 
aortic  bodies  differentiate  first  and  are  prominent  in  20  mm.  embryos.  The  para¬ 
ganglia  of  the  sympathetic  plexuses  differentiate  next  and  last  of  all  the  para¬ 
ganglia  of  the  sympathetic  trunk.  The  carotid  body  is  completely  differentiated 
in  30  mm.  embryos.  After  birth  the  chromaphil  organs  degenerate  but  the  para¬ 
ganglia  can  be  recognized  with  the  microscope  in  sites  originally  occupied  by  them. 

The  paraganglia  are  small  groups  of  chromaphil  cells  connected  with  the  ganglia 
of  the  sympathetic  trunk  and  the  ganglia  of  the  celiac,  renal,  suprarenal,  aortic  and 
hypogastric  plexuses.  They  are  sometimes  found  in  connection  wdth  the  ganglia  of 
other  sympathetic  plexuses.  None  have  been  found  with  the  sympathetic  ganglia 
associated  with  the  branches  of  the  trigeminal  nerve. 

The  aortic  glands  or  bodies  are  the  largest  of  these  groups  of  chromaphil  cells 
and  measure  in  the  newborn  about  1  cm.  in  length.  They  lie  one  on  either  side  of 
the  aorta  in  the  region  of  the  inferior  mesenteric  artery.  They  decrease  in  size  with 
age  and  after  puberty  are  only  visible  with  the  microscope.  About  forty  they  dis- 
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appear  entirely.  Other  groups  of  chromaphil  cells  have  been  found  associated  with 
the  sympathetic  plexuses  of  the  abdomen  independently  of  the  ganglia. 

The  medullary  portions  of  the  suprarenal  glands  and  the  glomus  caroticum 
belong  to  the  chromaphil  system. 


The  Suprarenal  Glands  (Glandula  Suprarenalis;  Adrenal  Capsule) 

(Figs.  1208,  1209). 

The  suprarenal  glands  are  two  small  flattened  bodies  of  a  yellowish  color,  situated 
at  the  back  part  of  the  abdomen,  behind  the  peritoneum,  and  immediately  above 
and  in  front  of  the  upper  end  of  each  kidney;  hence  their  name.  The  right  one  is 
somewhat  triangular  in  shape,  bearing  a  resemblance  to  a  cocked  hat;  the  left  is 
more  semilunar,  usually  larger,  and  placed  at  a  higher  level  than  the  right.  They 
vary  in  size  in  different  individuals,  being  sometimes  so  small  as  to  be  scarcely 
detected:  their  usual  size  is  from  3  to  5  cm.  in  length,  rather  less  in  width,  and  from 
4  to  6  mm.  in  thickness.  Their  average  weight  is  from  1.5  to  2.5  gm.  each. 

Development. — Each  suprarenal  gland  consists  of  a  cortical  portion  derived 
from  the  celomic  epithelium  and  a  medullary  portion  originally  composed  of 
sympatho-chromaffin  tissue.  The  cortical  portion  is  first  recognizable  about  the 
beginning  of  the  fourth  week  as  a  series  of  buds  from  the  celomic  cells  at  the  root 
of  the  mesentery.  Later  it  becomes  completely  separated  from  the  celomic 
epithelium  and  forms  a  suprarenal  ridge  projecting  into  the  celom  between  the 
mesonephros  and  the  root  of  the  mesentery.  Into  this  cortical  portion  cells  from 
the  neighboring  masses  of  sympatho-chromaffin  tissue  migrate  along  the  line  of 
its  central  vein  to  reach  and  form  the  medullary  portion  of  the  gland. 

Relations. — The  relations  of  the  suprarenal  glands  differ  on  the  two  sides  of 
the  body. 

The  right  suprarenal  is  situated  behind  the  inferior  vena  cava  and  right  lobe  of  the 
liver,  and  in  front  of  the  diaphragm  and  upper  end  of  the  right  kidney.  It  is  roughly 
triangular  in  shape;  its  base,  directed  downward,  is  in  contact  with  the  medial  and 
anterior  aspects  of  the  upper  end  of  the  right  kidney.  It  presents  two  surfaces  for 
examination,  an  anterior  and  a  posterior.  The  anterior  surface  looks  forward  and 
lateralward,  and  has  two  areas:  a  medial,  narrow,  and  non-peritoneal,  which  lies 
behind  the  inferior  vena  cava;  and  a  lateral,  somewhat  triangular,  in  contact  with 
the  liver.  The  upper  part  of  the  latter  surface  is  devoid  of  peritoneum,  and  is  in 
relation  with  the  bare  area  of  the  liver  near  its  lower  and  medial  angle,  while  its 
inferior  portion  is  covered  by  peritoneum,  reflected  onto  it  from  the  inferior  layer 
of  the  coronary  ligament;  occasionally  the  duodenum  overlaps  the  inferior  portion. 
A  little  below  the  apex,  and  near  the  anterior  border  of  the  gland,  is  a  short  furrow 
termed  the  hilum,  from  which  the  suprarenal  vein  emerges  to  join  the  inferior  vena 
cava.  The  posterior  surface  is  divided  into  upper  and  lower  parts  by  a  curved  ridge: 
the  upper,  slightly  convex,  rests  upon  the  diaphragm;  the  lower,  concave,  is  in 
contact  with  the  upper  end  and  the  adjacent  part  of  the  anterior  surface  of  the 
kidney. 

The  left  suprarenal,  slightly  larger  than  the  right,  is  crescentic  in  shape,  its  con¬ 
cavity  being  adapted  to  the  medial  border  of  the  upper  part  of  the  left  kidney. 
It  presents  a  medial  border,  which  is  convex,  and  a  lateral,  which  is  concave;  its 
upper  end  is  narrow',  and  its  lower  rounded.  Its  anterior  surface  hastw'o  areas:  an 
upper  one,  covered  by  the  peritoneum  of  the  omental  bursa,  which  separates  it 
from  the  cardiac  end  of  the  stomach,  and  sometimes  from  the  superior  extremity 
of  the  spleen;  and  a  lower  one,  which  is  in  contact  writh  the  pancreas  and  lienal 
artery,  and  is  therefore  not  covered  by  the  peritoneum.  On  the  anterior  surface, 
near  its  low  er  end,  is  a  furrow'  or  hilum,  directed  dow  nward  and  forward,  from  which 
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the  suprarenal  vein  emerges.  Its  poxLrhr  xvtfacv.  presents  »  vertical  ri<ige.  which 
divides  it  into  two  areas;  the  iaeend  area  rests  on  the  kidney  ,  the  medial  and  smaller 
inn  -the  left  .crus  of  the  diaphragm- 
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TIu  surface  4>f  the  suprarenal  gland  is  sdrroumied  by  areolar  tissue  containing 
much  fat,  and  doseJy  invested  by  a  thin  fibrous  capsule,  which  is  difficult  to  remove 
ohl  aeebUTit  of  the  inmiermxs  fibrous  processes  and  vessels  entering  the  organ  through 
the  furrmvs  on  its  anterior  surface  and  base. 
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Ftc.  i ilOO  —Suprareotii  .glau^J  ^ipt^etl  from  behind. 


Small  accessory  suprarenal*  (gin  white:  ■.firpmrwolf*  qwc&triri#1)  tire  often  to  be 
found  in  the  ec4nueet».ve  tissue  around  the  KUpnmouds..  The*  smaller  of  these,  on 
sectimi,  sin*u  „•  uniform  surface,  but  in  some  of  the  larger  a  distinct  im*du11*pyym  be 
made  -out. 

3  traciu  re On  vs^?jkH*«> / the-  ’suprarenal  glim*!  i#  »et*4  to  wmtik.pr.W&  .pdrtwo# 
an  ©xtemal  acid  an  internal  or  medullary.  The  tbriuer  the  t4tef  p&ffc:.of 

fcbe  organ,  and  ia  of  a  dwp  yellow  color-;  fbe  m»idu]knf  subidMvae  is  soft,  pulpy,  xtiid  of  a  dark  red 
nv  brown  color. 

Tfie  cortic^f  portioii  [suhishu^iii. \>v*jr}'ifc(dn\:-<&mi&t&  of  a  net- work,  in 

^  te  'jtfibeddfcii  t  he  gtadidnr  ovddjylinnj-.  fio) ewdiml  in  ahape  and 

fHissoHS  rounded  hurlei:  iimny*  of  the  cells  twitaip  eoarso  granules,  others  lipoid  vtlotmte.  Owing 
to  difference*  in  the  the  ceji?t l-hirije tf&iinvtMfnvb; cait  bd  mndcout:.  { Lj  the  satin 

glomeiulosu,  switiuite^  ber/c.nh  the  •rapr-uie;  ».v.nsht*  of '.cell*.  arranged  in  n.iimbtd  groups  will* 
here  ami  there  iinlica it  one  of  -£iu  alveolar  tftrueturityi ho  cells  of arc.  vury  granular,  and 
tftain  ih^ply.  \%)  The.  son*  fasciculate,  continuous  with  the  x«ipn  glamerulo^.  Wa'oiij  posed’  of 
cells  arranged  in  A  radhp;  manner;  these  cells  contain  hner  jtfmmiw* -and  .hi  many 
globules  of  liprud  matenuL  (3)  The  zona  reticularis*  in  con Uict  with  Ibk medulla, 
VMiH&fo  of  cyliridrteJ  mawe  of  cells '  trijegglariy  ;«rraugeci :  these  cidlc  often;  contain  pigment 
granule  ■■■which  give  this  zone  a  darker  appearance  than  the  Tost  of  the.  cortex. 
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The  medullary  portion  (substantia  medullarut)  is  extremely  vascular,  and  consists  of  Urn* 
chromaphil  cells  arranged  in  a  network.  The  irregular  polyhedral  cells  have  a  finely  gnmuter 
cytoplasm  that  are  probably  concerned  with  the  secretion  of  adrenalin.  In  the  meshes  of  tir- 
cellular  network  are  large  anastomosing  venous  sinuses  (sinusoids)  which  art*  in  close  irdaUunshi** 
with  the  chromupliil  or  medullary  cells.  In  many  places  the  endothelial  lining  of  the  blood  amis** 
is  in  direct  contact  with  the  medullary  cells.  Some  authors  consider  the  endothelium  al^em  at 
places  and  here  the  medullary  cells  are  directly  bathed  by  the  blood.  This  intimate  relationship 
between  the  chromaphil  cells  and  the  blood  stream  undoubtedly  facilitates  the  discharge  of  tb* 
internal  secretion  into  the  blood.  There  is  a  loose  mesh  work  of  su  parting  connective  tissue  con¬ 
taining  non-striped  muscle  fibers  This  portion  of  the  gland  is  richly  supplied  with  non-medulla  ad 
nerve  fibers,  and  here  and  there  sympathetic  ganglia  are  found. 

Oapknle 

Zorn  yltwuervXosa 


Zon<\  N^cindaUi 


Zoita  rtticu laris 

M  ulti  nucleated  nuiM 
of  j'rotoplasm 
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Fio.  1210. — Section  of  a  part  of  a  suprarenal  glaml.  (Magnified  ) 

Vessels  and  Nerves. — The  arteries  supplying  the  suprarenal  glands  are  numerous  and  ^ 
comparatively  large  size;  they  are  derived  from  the  aorta,  the  inferior  phrenic,  and  the  renal 
They  subdivide  into  minute  branches  previous  to  entering  the  cortical  part  of  the  gland,  where 
they  break  up  into  capillaries  which  end  in  the  venous  plexus  of  the  medullary  portion. 

The  suprarenal  vein  returns  the  blood  from  the  medullary  venous  plexus  and  reecim  several 
branches  from  the  cortical  substance;  it  emerges  from  the  hiluiu  of  the  gland  and  on  tbe  rw$a 
side  opens  into  the  inferior  vena  cava,  on  the  left  into  the  renal  vein. 

The  lymphatics  end  in  the  lumbar  glands. 

The  nerves  are  exceedingly  numerous,  and  are  derived  from  the  celiac  and  renal  ptesuap" 
and,  according  to  Bergniann,  from  the  phrenic  and  vagus  nerves.  They  enter  the  lower 
medial  part  of  the  capsule,  traverse  the  cortex,  and  end  around  the  cells  of  the  medulla.  Tb.*\ 
have  numerous  small  ganglia  developed  upon  them  in  the  medullary  portion  of  tbe  gland 

In  connection  with  the  development  of  the  medulla  from  the  sympathoehromafftn  tissue,  it  is 
to  be  noted  that  this  portion  of  the  gland  secretes  a  substance,  adrenalin,  which  has  a  powerful 
influence  on  those  muscular  tissues  which  are  supplied  by  sympathetic  fibers. 

Glomus  Caroticum  (Carotid  Glands;  Carotid  Bodies), 

The  carotid  bodies,  two  in  number,  are  situated  one  on  either  side  of  the  neci 
behind  the  common  carotid  artery  at  its  point  of  bifurcation  into  the  externa) 
and  internal  carotid  trunks.  They  are  reddish  brown  in  color  and  oval  in  shape, 
the  long  diameter  measuring  about  5  mrn. 

Each  is  invested  by  a  fibrous  capsule  and  consists  largely  of  spherical  or  irregmar 
masses  of  cells  (Fig.  121 1),  the  masses  being  more  or  less  isolated  from  one  another 


GLOMUS  COCCYGEUM 


by  septa  Avhich  extend  iutvattl  ftot»  t.be  dfiep'  surface  of  the  capsule*  The  cells 
are  polyhedral  in  shape,,  and,. each  contains  a  large  mitk-us  imbedded,  in  finely 
granular  protoplasm,  which  is  stained  yellou’ ...by  clironiic  salts.  Numerous  nerve 
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fillers,  derived  from  the  Sympathetic  plexus  on  the  carotid  artery,  are  distributed 
throughput  the  organ,  am!  a  net-work  of  large  sinusoidal  capillaries  ramifies  among 
the  cells. 
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Glomus  Coccygeum  (Coccygeal  Gland  or  Body;  liUSchJca’s  Glsod). 

The  glomus  coccygeum  is  placed  in  front,  of, -or  immediately  below,  the  op  of  the 
etooiyg.  If. is' about  2  5  loth,  in  diansetter  and  is irregularly  rival  in  shape,'  several 
sjnailf-r  nodules  are  found  ammid  or  near  the  main  Him.*. 

:it pcnwisjts  Of  irregular  masses:  of  round  or  polyWlwd  dtdb  (Fig,  12 t2jr  the  cells 


of  each  -rMa&v  being'  groups  droimd  a  dilated  siioi^oidai  capillary  .v'e^eL-;  Katib  cell 
coDtai^s ox  lif^e  round  or  ovft|  aueleus,  the  is  clear, 

and  'iis  not  stained  by '  chromic  salts* 
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THE  SPLEEN  (LIEN). 

The  spleen  is  situated  principally  in  the  left  hypochondriac  region,  but  its  supe¬ 
rior  extremity  extends  into  the  epigastric  region;  it  lies  between  the  fundus  of  the 
stomach  and  the  diaphragm.  It  is  an  oblong,  flattened  form,  soft,  of  very  friable 
consistence,  highly  vascular,  and  of  a  dark  purplish  color.  The  distinctive  function 
or  functions  of  the  spleen  are  not  known.  During  fetal  life  and  shortly  after  birth 
it  gives  rise  to  new  red  blood  corpuscles  but  the  evidence  that  this  function  h 
retained  in  adult  life  is  not  satisfactory.  It  is  supposed  to  be  an  organ  for  the 
destruction  of  reel  blood  corpuscles  and  the  preparation  of  new  hemoglobin  from 
the  iron  thus  set  free.  It  has  been  suggested  that  the  spleen  is  concerned  in  the 
production  of  uric  acid. 

Development. — The  spleen  appears  about  the  fifth  week  as  a  localized  thickening 
of  the  mesoderm  in  the  dorsal  mesogastrium  above  the  tail  of  the  pancreas.  With 
the  change  in  position  of  the  stomach  the  spleen  is  carried  to  the  left,  and  corn® 
to  lie  behind  the  stomach  and  in  contact  with  the  left  kidney.  The  part  of  the 
dorsal  mesogastrium  which  intervened  between  the  spleen  and  the  greater  cum* 
ture  of  the  stomach  forms  the  gastrosplenic  ligament. 

Relations. — The  diaphragmatic  surface  (facies  diaphragm atica ;  external  or  phrenic 
surface)  is  convex,  smooth,  and  is  directed  upward,  backward,  and  to  the  left, 
except  at  its  upper  end,  where  it  is  directed  slightly  mediahvard.  It  is  in  relation 
with  the  under  surface  of  the  diaphragm,  which  separates  it  from  the  ninth,  tenth, 
and  eleventh  ribs  of  the  left  side,  and  the  intervening  lower  border  of  the  left  lung 
and  pleura. 


Fio.  1213. — The  visceral  surface  of  the  spleen. 


The  visceral  surface  (Fig.  1213)  is  divided  by  a  ridge  into  an  anterior  or  gastric 
and  a  posterior  or  renal  portion. 

The  gastric  surface  ( facies gastrica),  which  isdirected  forward,  upw  ard,  and  medial- 
W'ard,  is  broad  and  concave,  and  is  in  contact  with  the  posterior  wall  of  the  stomach- 
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and  below  this  with  the  tail  of  the  pancreas.  It  presents  near  its  medial  border  a 
long  fissure,  termed  the  hilum.  This  is  pierced  by  several  irregular  apertures,  for 
the  entrance  and  exit  of  vessels  and  nerves. 

The  renal  surface  (Jades  renalis)  is  directed  medialward  and  downward.  It  is 
somewhat  flattened,  is  considerably  narrower  than  the  gastric  surface,  and  is  in 
relation  with  the  upper  part  of  the  anterior  surface  of  the  left  kidney  and  occasion¬ 
ally  with  the  left  suprarenal  gland. 

The  superior  extremity  (extremitas  superior)  is  directed  toward  the  vertebral 
column,  where  it  lies  on  a  level  with  the  eleventh  thoracic  vertebra.  The  lower 
extremity  or  colic  surface  (extremitas  inferior )  is  flat,  triangular  in  shape,  and  rests 
upon  the  left  flexure  of  the  colon  and  the  phrenicocolic  ligament,  and  is  generally 
in  contact  with  the  tail  of  the  pancreas.  The  anterior  border  ( margo  anterior)  is  free, 
sharp,  and  thin,  and  is  often  notched,  especially  below;  it  separates  the  diaphragmatic 
from  the  gastric  surface.  The  posterior  border  (margo  posterior ),  more  rounded  and 
blunter  than  the  anterior,  separates  the  renal  from  the  diaphragmatic  surface; 
it  corresponds  to  the  lower  border  of  the  eleventh  rib  and  lies  between  the  diaphragm 
and  left  kidney.  The  intermediate  margin  is  the  ridge  which  separates  the  renal 
and  gastric  surfaces.  The  inferior  border  (internal  border)  separates  the  diaphrag¬ 
matic  from  the  colic  surface. 

The  spleen  is  almost  entirely  surrounded  by  peritoneum,  which  is  firmly  adherent 
to  its  capsule.  It  is  held  in  position  by  two  folds  of  this  membrane.  One,  the 
phrenicolien&l  ligament,  is  derived  from  the  peritoneum,  where  the  wall  of  the  general 
peritoneal  cavity  comes  into  contact  with  the  omental  bursa  between  the  left  kidney 
and  the  spleen ;  the  lienal  vessels  pass  between  its  two  layers  (Fig.  1059) .  The  other 
fold,  the  gastrolienal  ligament,  is  also  formed  of  two  layers,  derived  from  the 
general  cavity  and  the  omental  respectively,  where  they  meet  between  the  spleen 
and  stomach  (Fig.  1059) ;  the  short  gastric  and  left  gastroepiploic  branches  of  the 
lienal  artery  run  between  its  two  layers.  The  lower  end  of  the  spleen  is  supported 
by  the  phrenicocolic  ligament  (see  page  1165). 

The  size  and  weight  of  the  spleen  are  liable  to  very  extreme  variations  at  different 
periods  of  life,  in  different  individuals,  and  in  the  same  individual  under  different 
conditions.  In  the  adult  it  is  usually  about  12  cm.  in  length,  7  cm.  in  breadth,  and 
3  or  4  cm.  in  thickness,  and  weighs  about  200  grams.  At  birth  its  weight,  in  pro¬ 
portion  to  the  entire  body,  is  almost  equal  to  what  is  observed  in  the  adult,  being 
as  1  to  350;  while  in  the  adult  it  varies  from  1  to  320  and  400.  In  old  age  the  organ 
not  only  diminishes  in  weight,  but  decreases  considerably  in  proportion  to  the  entire 
body,  being  as  1  to  700.  The  size  of  the  spleen  is  increased  during  and  after  diges¬ 
tion,  and  varies  according  to  the  state  of  nutrition  of  the  body,  being  large  in 
highly  fed,  and  small  in  starved  animals.  In  malarial  fever  it  becomes  much 
enlarged,  weighing  occasionally  as  much  as  9  kilos. 

Frequently  in  the  neighborhood  of  the  spleen,  and  especially  in  the  gastrolienal 
ligament  and  greater  omentum,  small  nodules  of  splenic  tissue  may  be  found,  either 
isolated  or  connected  to  the  spleen  by  thin  bands  of  splenic  tissue.  They  are  known 
as  accessory  spleens  (lien  accessorius ;  supernumerary  spleen ).  They  vary  in  size 
from  that  of  a  pea  to  that  of  a  plum. 

Structure. — The  spleen  is  invested  by  two  coats:  an  external  serous  and  an  internal  flbro- 
elaatic  coat. 

The  external  or  serous  coat  (i tunica  serosa)  is  derived  from  the  peritoneum;  it  is  thin,  smooth, 
and  in  the  human  subject  intimately  adherent  to  the  fibroelastic  coat.  It  invests  the  entire 
organ,  except  at  the  hilum  and  along  the  lines  of  reflection  of  the  phrenicolienal  and  gastrolienal 
ligaments. 

The  fibroelastic  coat  ( tunica  albuginea)  invests  the  organ,  and  at  the  hilum  is  reflected  inward 
upon  the  vessels  in  the  form  of  sheaths.  From  these  sheaths,  as  well  as  from  the  inner  surface 
of  the  fibroelastic  coat,  numerous  small  fibrous  bands,  trabecula  (Fig.  1214),  are  given  off  in  all 
directions;  these  uniting,  constitute  the  frame-work  of  the  spleen.  The  spleen  therefore  consists 
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of  a  number  of  small  jspai&s  tf*  *t6Ql&.  ■  hywf$  by  the  trabeculae;  ;in  the&fc'  areote?  'in  contained 

the  splesde  palp. 

The  hbroeWie  co;i?<  th?  af  i ht<  viwls,  and  the  trabeculay  are  composed  of  white  &&<1 

theater  p'edonlihiiting.  It  is  owing  to  the -present*  of  the  eUahc 
timm  that  the . '  jprtfs&shs  a,  e^nsi^erable  amount  of  clast  id  tjy  which  allow'd  of  the  eery 
great  variations  in  sign  that  it  presents  umier  certain  cnmiia^tance?’:.  In  addiuon  to  tta» 
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l2ti.r-7ty*0*f»rte  fiectiou  of  the  spleen,  showing  the  tratxc.oplaf  amt  tire  sphcnr.o  v*«\  -in*.!  »>■* 


copstilUchtd  of  this  tunic,  there  is  found  in  man  a  small  amount  of  n<*m-etripod  muscular  Sb*, 
and  iu  some  mammalia,  e.  <7.,  dog,  pig,  and  cat,  a  large  amount,  £r;  tltar  the  trabc-ute  apjw 
to  modst  chiefly  .pf  muscular  th?em\ 

The  Sftado  imlP  tytiip#  U&w)  iff*  *sc»ft  mass  of  a  dark  reddishdbjfowu  cpiOr,  n^emhihig  '$r<Lm 
blood;  it  soasists  at;a  fine/ ^retieulom  of  fibers,  continuous  with  those  of  the  ttybfcbfc*  kv  ^hh’i 
are  -applied,  flat  branching  cells.  The  meshes  of  the  retietiiunx  are  filled  TUth  blood,  m  **&&,;• 


Tlf*  t&^Vttaa^enK* -AMYtinn  d  ./fcjjtilyrtitiuir«  #p|6£ri>  **4o«w»g  thn  :vf  . .the  . -Jliod  '»U  hnaate** 

however,  the  cf^usdea  -ore.  found  -be>  $  ItM#*  itrojjoftiou  tjhtii  tbejr  ure  in  ordh*'*? 
blood,  lifjirge  foa/jtfbd  cells,  termed  ftpljmic  catts*  aie  also  ;. these:  cvre  capable  ot  awawM- 
movement,  tmd  often  wn tarn  pigment  m*i  Ttsd-blcwid-  eorrna^fe  m  their  interior. 
the  reticulum  each  ppsseaa  a  round  or  oVal  nud^ts  and  like  the  picnic  they  nay  o/«>sCJ 
pjgmeut  granules  in  th^ir  t^tophito;  they  do  nut  slain  deejily  with  curmuie.  am  Un  tfe 
differ  from  the  odlnof  iha  Malpighian  bodies:  Uv  the  Jpuug  ■#$&&* gaiai  ^Us  m^y  akp  tewjaA 
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e^ch  eont&hdog mtdm:  or  one  nucleus  ^ucl^ted  f*d*4*Jood. /coirpttsfltes 

have  Also  been  found  in  f he  spleen  of  young  Animals 

Bloodvessel*  of  th&  Spleen --  The  lieft&l  nrfafy  is  renpdkable  T<h?  ite  3e*^  sisi«jb  pteppttim 
to  the  size  of  th<* ;$t£$$t«: .■ift^Va&o-  fprJts  tortuous  course  It  divide  into  six  or  mm-fl  brunches, 
.whidfi  etitjKr-  Die  hilum  of  the  sptettr&nd  ramify  throughout  ite  substance  tFig.  l-Hui,  reviving 
sheaths  iv%m  m  mvoiutioo  of  the  a^rnal  iibrcms  tissue’.  8umbir  sheaths  ate  invest  tho  oerv.ea 
and  veins 

Each  branch  run?  id  the  trAnsverse  axis  ctf'  the  or gam-  from  within  outward,  diminishing  m 
Atm  during  its  transit,  iuid  giv)tig  ohT  m  its  passage  fitter  branches,  some  of  wiueh  pass  to  the 
an  tan  of,  ethers  to  the.  posterior  part.  -Those-  uUhoaUdy  lews  the  trabecular  sheaths,  and  ter* 


the  brger  hvonehes  of  the  artery  supplies  fiddly  that  region  of  the  organ  tn<  which  the  branch 
ramifies,  having  no  anastomosis  with  th«  majority  of.  the  other  branches. 

The  arteriole*;  supported  by  the  romuta  trabecula',  traverse  the  pulp  in  all  divevtlamm  bundles 
ipcnciUi)  of  straight  vessels.  Theh  trabecular  ahwtta '  gradually  undergo  a  transfurmation, 
berime  much  thick enech  and  converted  into  adenoid  tissue;  the  bundles  of  ^.connective  tissue 
becoming  looser  and  their  fibrils  more  delicate,  and  containing  in  their  interstices  im  &bp&d&nc0 
of  lymph  c%jrpu&clbg3  (W.  Muilhri,  ’  *  ‘  •’-** 


Tntfawla, 


h}<*KpLt&<;  i 

<u>'tulc 


Fin,  1‘jJU?.'— Truiisrcfse  w?ctk<w  Jjf  a  portion  of  tWnpJeen. 


The  altered  coat  of  the  arterioles,  cons^Uug  of  adenoid  tissue,  presents  here  and  there  thick* 
eninga of a. --spheroidal  shape,  the  lymphatic  nodaiss  (tf Brighton'' fatim  >of  the  tpken).  These 
bodies.  vii^f^sjzeTrp’m  about  0.25  mm.  tbTipipp  hi  $u«hctor.  They  aro  merely  local  expansions 


tuneei  them,  hut  ocioisiozialiy  they  gr qvr  trommie  side  af  tiic  ^ pftfy>  t^d  present  tbs  nppe&r- 
&;*-xmOfr '.bud  growing  .from,  the  artarkd  wail.  Sii  iwwV*}W*M,vtivn%  thfc  artery,’ in  the 
majority  of  .Muies,  is  found  m-sai  fxvm trie  pohit iw.  Tbtwt  bodies hre  ytoibl#  to  the  naked  eye 
on  the  surface  of  a  fresli  section  of  the  organ,  appearing  ms  miuuto  dots  of  a  semiopaque  whitish 
color  in  the  chirk  substailOo  of  tho  pul)*,  in  minute  structure  they  resemble  the  '’adenoid  tissue, 
of  lymph  glands,  consisting  of  n  delicate  reticulum,.  in  the  tncelms  of  which  lie  ordinary  lymphoid 
cells  (Fig,  12Xb>  The  .reticulum-  is  made  up  of  extremely  fine  fibrils,  and  is  comp/iratively  npcf; 
in.  the  center  of  the  •  ojrpit&tei  bribing '  dWr  at  it*  periphery.  The  cells  which  It  encloses 
are  possessed  of  ameboid  movement.  Whfen  treated  with  carmine  they  b-Wipth*  deeply  stoihed, 
aad  can  be  easily  distiqgumbnd  from  those  of  the  pulp..  v  ' 

The  by ^op^ning  frilly  into  the  splenic  pulp  ;  their  widla  b^cathg:  piueh  aUtm:nated4 

they their  tubular  character,  end  the  cmiofrMml  eel!*  become  alrmxi,  pw^enting  ^"brnn.died 
^'pp^arahee,  4nd  aoqumdg  jVroewen  w)iicb.;w  cooo^t^d  #th  the  of  the 

mipulnr  cells  of  thd  'pulp  (Fig.  t^l?>  In  thm  mamier  the  yc«?eis  ^iul,  su\tl  the  bipod  flowing 
through  .them  6hd&  tl«  way  into  t h«.  ?utor6ti>^  of  the  reticulhl^l  immMi.  tlio  splenic  pulp-  Thus 
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the  blood  passing  through  the  spleen  is  brought  into  intimate  relation  with  the  elements  of  the 
pulp,  and  no  doubt  undergoes  important  changes. 

After  these  changes  have  taken  place  the  blood  is  collected  from  the  interstices  of  the  tissue 
by  the  rootlets  of  the  veins,  which  begin  much  in  the  same  way  as  the  arteries  end.  The  con¬ 
nective-tissue  corpuscles  of  the  pulp  arrange  themselves  in  rows,  in  such  a  wayr  as  to  form  an 
elongated  space  or  sinus.  They  become  elongated  and  spindle-shaped,  and  overlap  each  other 
at  their  extremities,  and  thus  form  a  sort  of  endothelial  lining  of  the  path  or  sinus,  which  is  the 
radicle  of  a  vein.  On  the  outer  surfaces  of  these  cells  are  seen  delicate  transverse  lines  or  markings, 
which  are  due  to  minute  elastic  fibrillse  arranged  in  a  circular  manner  around  the  sinus.  Thus 
the  channel  obtains  an  external  investment,  and  gradually  becomes  converted  into  a  small 


Fig.  1217. — Section  of  the  spleen,  showing  the  termination  of  the  small  bloodvessels. 


vein,  which  after  a  short  course  acquires  a  coat  of  ordinary  connective  tissue,  lined  by  a  layer  of 
flattened  epithelial  cells  which  are  continuous  with  the  supporting  cells  of  the  pulp.  The  smaller 
veins  unite  to  form  larger  ones;  these  do  not  accompany  the  arteries,  but  soon  enter  the  tra¬ 
becular  sheaths  of  the  capsule,  and  by  their  junction  form  six  or  more  branches,  which  emerge 
from  the  hilum,  and,  uniting,  constitute  the  lienal  vein,  the  largest  radicle  of  the  portal  vein. 

The  veins  are  remarkable  for  their  numerous  anastomoses,  while  the  arteries  hardly  anastomose 
at  all. 

The  lymphatics  are  described  on  page  716. 

The  nerves  are  derived  from  the  celiac  plexus  and  are  chiefly  non-medullated.  They  are 
distributed  to  the  bloodvessels  and  to  the  smooth  muscle  of  the  capsule  and  trabecula. 
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SURFACE  ANATOMY  OF  THE  HEAD  AND  NECK, 


Bones  (Fig.  1218). — Various  bony  surfaces  and  prominences  on  the  skull  can  be 
easily  identified  by  palpation.  The  external  occipital  protuberance  is  situated 
behind,  in  the  middle  line,  at  the  junction  of  the  skin  of  the  neck  with  that  of  the 
head.  The  superior  nuchal  line  runs  lateralward  from  it  on  either  side,  while  extend¬ 
ing  downward  from  it  is  the  median  nuchal  crest,  situated  deeply  at  the  bottom 
of  the  nuchal  furrow\  Above  the  superior  nuchal  lines  the  vault  of  the  cranium 
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Flo.  1218. — Side  view  of  head,  showiug  surface  relations  of  bones. 


is  thinly  covered  with  soft  structures,  so  that  the  form  of  this  part  of  the  head  is 
almost  that  of  the  upper  portion  of  the  occipital,  the  parietal,  and  the  frontal 
bones.  The  superior  nuchal  line  can  be  follow  ed  lateralward  to  the  mastoid  por¬ 
tion  of  the  temporal  bone,  from  wrhich  the  mastoid  process  projects  downward 
and  fonvard  behind  the  ear.  The  anterior  and  posterior  borders,  the  apex,  and 
the  external  surface  of  this  process  are  all  available  for  superficial  examination.  The 
anterior  border  lies  immediately  behind  the  concha,  and  the  apex  is  on  a  level 
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with  the  lobule  of  the  auricula.  About  1  cm.  below  and  in  front  of  the  apex  of 
the  mastoid  process,  the  transverse  process  of  the  atlas  can  be  distinguished.  In 
front  of  the  ear  the  zygomatic  arch  can  be  felt  throughout  its  entire  length;  its 
posterior  end  is  narrow  and  is  situated  a  little  above  the  level  of  the  tragus;  its 
anterior  end  is  broad  and  is  continued  into  the  zygomatic  bone.  The  lower  border 
of  the  arch  is  more  distinct  than  the  upper,  which  is  obscured  by  the  attachment 
of  the  temporal  fascia.  In  front,  and  behind,  the  upper  border  of  the  arch  can  be 
followed  into  the  superior  temporal  line.  In  front,  this  line  begins  at  the  zygomatic 
process  of  the  frontal  bone  as  a  curved  ridge  which  runs  at  first  forward  and 
upward  on  the  frontal  bone,  and  then  curving  backward  separates  the  forehead 
from  the  temporal  fossa.  It  can  then  be  traced  across  the  parietal  bone,  where, 
though  less  marked,  it  can  generally  be  recognized.  Finally,  it  curves  downward, 
and  forward,  and  passing  above  the  external  acoustic  meatus,  ends  in  the  posterior 
root  of  the  zygomatic  arch.  Near  the  line  of  the  greatest  transverse  diameter  of 
the  head  are  the  parietal  eminences,  one  on  either  side  of  the  middle  line;  further 
forward,  on  the  forehead,  are  the  frontal  eminences,  which  vary  in  prominence  in 
different  individuals  and  are  frequently  unsymmetrical.  Below  the  frontal  emi¬ 
nences  the  superciliary  arches,  which  indicate  the  position  of  the  frontal  sinuses, 
can  be  recognized;  as  a  rule  they  are  small  in  the  female  and  absent  in  children. 
In  some  cases  the  prominence  of  the  superciliary  arches  is  related  to  the  size  of 
the  frontal  sinuses,  but  frequently  there  is  no  such  relationship.  Situated  between, 
and  connecting  the  superciliary  ridges,  is  a  smooth,  somewhat  triangular  area,  the 
glabella,  below  which  the  nasion  ( frontonasal  suture)  can  be  felt  as  a  slight  depres¬ 
sion  at  the  root  of  the  nose. 

Below  the  nasion  the  nasal  bones,  scantily  covered  by  soft  tissues,  can  be  traced 
to  their  junction  with  the  nasal  cartilages,  and  on  either  side  of  the  nasal  bone 
the  complete  outline  of  the  orbital  margin  can  be  made  out.  At  the  junction  of 
the  medial  and  intermediate  thirds  of  the  supraorbital  margin  the  supraorbital 
notch,  when  present,  can  be  felt;  close  to  the  medial  end  of  the  infraorbital  margin 
is  a  little  tubercle  which  serves  as  a  guide  to  the  position  of  the  lacrimal  sac.  Below 
and  lateral  to  the  orbit,  on  either  side,  is  the  zygomatic  bone  forming  the  prominence 
of  the  cheek;  its  posterior  margin  is  easily  palpable,  and  on  it  just  above  the  level 
of  the  lateral  palpebral  commissure  is  the  zygomatic  tubercle.  A  slight  depression, 
about  1  cm.  above  this  tubercle,  indicates  the  position  of  the  zygomaticofrontal 
suture.  Directly  below  the  orbit  a  considerable  part  of  the  anterior  surface  of  the 
maxilla  and  the  whole  of  its  alveolar  process  can  be  palpated.  The  outline  of  the 
mandible  can  be  recognized  throughout  practically  its  entire  extent;  in  front  of 
the  tragus  and  below  the  zygomatic  arch  is  the  condyle,  and  from  this  the  posterior 
border  of  the  ramus  can  be  followed  to  the  angle;  from  the  angle  to  the  symphysis 
the  lower  rounded  border  of  the  mandible  can  be  easily  traced ;  the  lower  part  of 
the  anterior  border  of  the  ramus  and  the  alveolar  process  can  be  made  out  without 
difficulty.  In  the  receding  angle  below  the  chin  is  the  hyoid  bone,  and  the  finger 
can  be  carried  along  the  bone  to  the  tip  of  the  greater  cornu,  wThich  is  on  a  level 
with  the  angle  of  the  mandible:  the  greater  cornu  is  most  readily  appreciated 
by  making  pressure  on  one  side,  when  the  cornu  of  the  opposite  side  will  be  rendered 
prominent  and  can  be  felt  distinctly  beneath  the  skin. 

Joints  and  Muscles. — The  temporomandibular  articulation  is  quite  superficial,  and 
is  situated  below  the  posterior  end  of  the  zygomatic  arch,  in  front  of  the  external 
acoustic  meatus.  Its  position  can  be  ascertained  by  defining  the  condyle  of  the 
mandible;  when  the  mouth  opens,  the  condyle  advances  out  of  the  mandibular 
fossa  on  to  the  articular  tubercle,  and  a  depression  is  felt  in  the  situation  of  the 
joint. 

The  outlines  of  the  muscles  of  the  head  and  face  cannot  be  traced  on  the  surface 
except  in  the  case  of  the  Masseter  and  Temporalis.  The  muscles  of  the  scalp 
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are  so  thin  that  the  outline  of  the  bone  is  perceptible  beneath  fcfacan,  Those  of 
the  face  are  small,  coveted  by  soft  skin,  and  often  bv  a  considerable  layer  of  fat, 
and  their  outlines  are  therefore  concealed;  they  serve,  however,  to  round  off  and 
smooth  prominent  feorderis;  and  to  fill  up  what  would  otherwise  he  utis'ijglifly 
angular  depressions.  Thus  the  Orbicularis  oculi  rounds  off  the  prominent  margin 
of  the  orbit,  and  the  JJ^ceras fills  in  the.  sharp  depression  below  the  glabella*  In 
like  manner  the  labial  tauscieB  converging  to  fbe  lips,  and  assisted  by  the  super- 
imposed  fat,  fill  up  the  sunken  hollow  of  the  lower  part  of  the  face.  When  in 
action  the  facial  muscles  produce  the  various  expressions,  and  in  addition  throw 
the  skin  into  numerous  folds  and  wrinkles.  I'lu-  Masseter  imparts  fulness  to  the 
hinder  part  of  the  cheek; ..if  firmly  contracted,  as  when  the  teeth  ate  clenched,  its 
quadrilateral  outline  h  plainly  visible',  the  anterior  border  forms  a  prominent 
vertical  ridge,  behind  which  ik  a  "considerable  fulness  especially  marked  at  the 
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lov/er  part  of  the  muscle.  The  Temporalis  is  fan-shaped  and  fills  the  temporal 
fossa,  Substituting  for  the  .  concavity  a  somewhat  convex  swelling,  the  anterior 
part  of  which,  on  account  of  the  absence  of  hair  on  the  overlying  skin,  is  more 

itrong  relief  when  the  muscle  is  in 


marked: than  the  phsteripd  and  stands  out  tu 
.action. 

In  the  E$ck,  t{fe  Platyama  when  contracted  throws  the  skin  into  oblique  ridges 
parallel  with  $j&  fasfiicrilUd  the  muscle  .  The  Sternocleidomastptdeirs  has  the  most 
important  influence  on  the  surface  form  of  the  neck  (Figs.  121th  12gou  V\ hen  the 
muscle  is  st.  rest  Its  anterior  border  tortus  an  oblique  rt*undetl.e«lge  ending  below  in 
the  sharp  oUtime of  the  sternal  head;  the  posterior borihU’  is  only  ybstinct  for  about 
2  or  2.  tW  above  the  middle  of. the  clavicle.  During  cm.  traction,  the  sternal  head 
stands  out  us  a  sharply  defined  ridge,  white  tin:  elas  icular  bead  is  flatter  ami  less; 
prominetit;  between  the  two  beads  is  a  slight  depresMt»h;  iite  ficishy ^  middle  portion 
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of  }  In?  muscle  appears  as  an  oblique  elevation  with  a  thick,  rounded,  anterior  border, 
best  marked  in  its  lower  part.  'The  eternal  beads  of  the  two  muscles  are  separated 
by  si  V-sluped  depression,  in  wliSvb  are  the  Sternobyoideus  arid  Stenwthymndra. 

Above  the  hyoid  bone,  near  the  middle  Hue,  the  anterior  belly  of  the  Digastricna 
produces  a  slight  convexity.. 

The  anterior  border  of  the  Trapeaias  presents  as  a  faint  ridge  naming  from  the 
superior  nuchal  line,  downward  awl  forward  to  the  junction  of  the  interned!,  tv 
and  lateral  thirds  nf  the  ckVrde.'  Between  the  StortK»c)eidomasf.oideus  and  the 
Trapezius  la  the  posterior  triangle  of  the  neck.,  the  lower  part  of  which  appears  « 
a  ^Ilo¥;^ncaybiy~tltb supraclavicular  foss*.  In  this  fossa,  the  inferior  belly  o( 
the  Omohyoldeas,  when  in  actioUi  presents  a.s  a  rounded  cord-like  elevation  a  little 
above,  and  almost  parallel  to,  the  da  vide. 
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The  subclavian  artefy can  be  felt  by  bw&w&ni,  wd 

modi ahuird  behind  the  davicular  lK‘ad  of  the  ^ tei- 1 1 v >r * J tri^v > ctj tk j ill ;  m  tr&usvem 
cervical  branch  may  be  dieted  parallel  to,  iwdT  ii  finygec  *  ferasfdth  above, 
theidavide,  Tiieccari iwn <md  exteJrn&J  carotid  artexteisiah.be  ree^pd^;|itomed«itc!> 
"beneath  the  anterior  <lie  The  maxillary 

artery  etth  be.  triimi  over  the  border  of  the  crumdible  rust  in  front,  of  the  anterior 


artery  run  be  trawd  ^ver  ^e  border  of  the  criiiridible  ju^t 
border  of  the  M&sseter,  then  about  1  cifr.  lateral  to  the  angle  of  the  mouth,  aod 
finally  as  it  runs  tip  the  side  of  the*  nose-  The  pulsation  of  the  occipital  artery 
can  be  distinguished  about  dor 4  an.  Intend  to  the e?<ler*iat oeeipitrd  protobcranct; 
that  of  the  posterior  auricular  iq" -pmeeas  and  th? 
axfrieulav  The  wUm  '-of  -.the'-  superficial  temporal  artery  can  be  readily  followed 
a£ro$$  tht*  pb#t^rifer"  a*<i  fereh  about  3  to  5  cm.  above 

this,  where  it  iremtAl  and  parietal  hmncJhes;  the  pulsation  of  the 

frontal  branch  i*  frequently  risible  on  the  side  nf  the  forehead.  The  supraorbital 
artery  can  Usually  be  delected  immediately  above  the  supraorbital  notdi  or  foramen. 
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The  Cranium. — Scalp. — The  soft  parts  covering  the  upper  surface  of  the  skull 
form  the  scalp  and  comprise  the  following  layers  (Fig.  1221 ) :  (1)  skin,  (2)  subcuta¬ 
neous  tissue,  (3)  Occipitalis  frontalis  and  galea  aponeurotica,  (4)  subaponeurotic  tissue, 
(5)  pericranium.  The  subcutaneous  tissue  consists  of  a  close  mesh-work  of  fibers, 
the  meshes  of  which  contain  fatty  tissue;  the  fibers  bind  the  skin  and  galea  aponeu¬ 
rotica  firmly  together,  so  that  when  the  Occipitalis  or  the  Frontalis  is  in  action 
the  skin  moves  with  the  aponeurosis.  The  subaponeurotic  tissue,  which  intervenes 
between  the  galea  aponeurotica  and  the  pericranium,  is  much  looser  in  texture, 
and  permits  the  movement  of  the  aponeurosis  over  the  underlying  bones. 


f'cris  rwrwjtn 
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Fig.  1221. — Diagrammatic  section  of  ucaip. 


Bony  Landmarks  (Fig.  1218),—  In  addition  to  the  bony  points  already  described 
which  can  be  determined  by  palpation,  the  following  are  utilized  for  surface 
markings: 

Auricular  Point*— The  center  of  the  orifice  of  the  external  acoustic  meatus. 

Preauricular  Point , — A  point  on  the  posterior  root  of  the  zygomatic  arch  imme¬ 
diately  in  front  of  the  external  acoustic  meatus. 

Asterion . — The  point  of  meeting  of  the  lambdoidal,  mastooeeipital,  and  masto- 
parietal  sutures;  it  lies  4  cm.  behind  and  12  mm.  above  the  level  of  the  auricular 
point. 

Pterion.— The  point  where  the  great  wing  of  the  sphenoid  joins  the  sphenoidal 
angle  of  the  parietal;  it  is  situated  35  mm.  behind,  and  12  mm.  above,  the  level 
of  the  frontozygomatic  suture. 

Inion . — The  external  occipital  protuberance. 

Lambda*— The  point  of  meeting  of  the  lambdoidal  anti  sagittal  sutures;  it  is 
in  the  middle  line  about  0.5  cm.  above  the  inion. 

Bregma. — The  meeting-point  of  the  coronal  and  sagittal  sutures;  it  lies  at  the 
point  of  intersection  of  the  middle  line  of  the  scalp  with  a  line  drawn  vertically 
upward  through  the  preauricular  point. 

A  line  passing  through  the  inferior  margin  of  the  orbit  and  the  auricular  point 
is  known  as  Reid's  base  line.  The  lambdoidal  suture  can  be  indicated  on  either 


Fro.  1222. — Drawing  of  a  cast  by  Cunningham  to  illustrate  the  relations  of  the  brain  to  lb«?  eicuU 


Brain  (Figs,  1222,  1223). — The  general  outline  of  the  cerebral  hemisphere,  on 
either  side,  may  be  mapped  out  on  the  surface  in  the  following  manner.  Starting 
from  the  nasion,  a  line  drawn  along  the  middle  of  the  scalp  to  the  inion  represents 
the  superior  border.  The  line  of  the  lower  margin  behind  is  that  of  the  transverse 
sinus  (see  page  1300),  or  more  roughly  a  line  convex  upward  from  the  inion  to  the 
posterior  root  of  the  zygomatic  process  of  the  temporal  bone;  thence  along  the 
posterior  two-thirds  of  the  upper  border  of  the  zygomatic  arch  where  the  line  turns 
up  to  the  pterion;  the  front  part  of  the  lower  margin  extends  from  the  pterion  to 
the  glabella  about  1  cm,  above  the  supraorbital  margin.  The  cerebellum  is  so  deeplv 
situated  that  there  is  no  reliable  surface  marking  for  it;  a  point  4  cm.  behind  and 
1.5  cm.  below  the  level  of  the  auricular  point  is  situated  directly  over  it. 

The  relations  of  the  principal  fissures  and  gyri  of  the  cerebral  hemispheres  to 
the  surface  of  the  scalp  are  of  considerable  practical  importance,  and  several 
methods  of  indicating  them  have  been  devised.  Necessarily  these  methods  can 


side  by  the  upper  two-thirds  of  a  line  from  the  lambda  to  the  tip  of  the  mastoid 
process.  The  sagittal  suture  is  in  the  line  joining  the  lambda  to  the  bregma.  The 
position  of  the  coronal  suture  on  either  side  is  sufficiently  represented  by  a  line 
joining  the  bregma  to  the  center  of  the  zygomatic  arch. 

The  floor  of  the  middle  fossa  of  the  skull  is  at  the  level  of  the  posterior  three* 
fourths  of  the  upper  border  of  the  zygomatic  arch;  the  articular  eminence  of  the 
temporal  bone  is  opposite  the  foramen  spi nosum  and  the  semilunar  ganglion. 
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only  be  regarded  as  approximately  correct,  yet  they  are  all  sufficiently  accurate 
for  surgical  purposes.  The  longitudinal  fissure  corresponds  to  the  medial  line  of 
the  scalp  between  the  nasion  and  inion.  In  order  to  mark  out  the  lateral  cerebral 
( Sylvian )  fissure  a  point,  termed  the  Sylvian  point,  which  practically  corresponds 
to  the  pterion,  is  defined  35  mm.  behind  and  12  mm.  above  the  level  of  the  fronto- 
zygomatie  suture;  this  point  marks  the  spot  where  the  lateral  fissure  divides. 
Another  method  of  defining  the  Sylvian  point  is  to  divide  the  distance  between 
the  nasion  and  inion  into  four  equal  parts;  from  the  junction  of  the  third  and 
fourth  parts  (reckoning  from  the  front)  draw  a  line  to  the  frontozygomatie  suture; 
from  the  junction  of  the  first  and  second  parts  a  line  to  the  auricular  point.  These 
two  lines  intersect  at  the  Sylvian  point  and  the  portion  of  the  first  line  behind 
this  point  overlies  the  posterior  ramus  of  the  lateral  cerebral  fissure.  The  position 


Fig.  1223 — Relations  of  the  brain  and  middle  meningeal  artery  to  the  surface  of  the  skull.  1.  Nasion.  2.  Inion. 
3.  Lambda.  4.  Lateral  cerebral  fissure.  5.  Central  sulcus.  A  A.  Reid's  base  line.  B.  Point  for  trephining  the  anterior 
branch  of  the  middle  meningeal  artery.  C  Supracneatal  triangle.  D,  Sigmoid  bend  of  the  transverse  sinus.  B. 
Point  for  trephining  over  the  straight  portion  of  the  transverse  sinus,,  exposing  dura  mater  of  both  cerebrum  and 
cerebellum.  Outline  of  cerebral  hemisphere  indicated  in  blue:  course  of  noddle  meningeal  artery  in  red. 


of  the  posterior  ramus  can  otherwise  be  obtained  by  joining  the  Sylvian  point  to  a 
point  2  cm.  below  the  summit  of  the  parietal  eminence.  The  anterior  ascending 
ramus  can  be  marked  out  bv  drawing  a  line  upward  at  right  angles  to  the  line 
of  the  posterior  ramus  for  2  cm.  and  the  anterior  horizontal  ramus  by  a  line  of  the 
same  length  drawn  horizontally  forward — both  from  the  Sylvian  point.  To  define 
the  central  sulcus  {figure  of  Roland#)  two  points  are  taken;  one  is  situated  1.25 
cm,  behind  the  center  of  the  line  joining  the  nasion  and  inion;  the  second  is  at 
the  intersection  of  the  line  of  the  posterior  ramus  of  the  lateral  cerebral  fissure 
with  a  line  through  the  preaurieular  point  at  right  angles  to  Reid’s  base  line.  The 
upper  9  cm.  of  the  line  joining  these  two  points  overlies  the  central  sulcus  and  forms 
an  angle,  opening  forward,  of  about  70°  with  the  middle  line  of  the  scalp.  An 
alternative  method  is  to  draw’  two  perpendicular  lines  from  Reid’s  base  line  to  the 
top  of  the  head;  one  from  the  preaurieular  point  and  the  other  from  the  posterior 
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border  of  the  mastoid  process  at  its  root.  A  line  from  the  upper  end  of  the  posterior 
line  to  the  point  where  the  anterior  intersects  the  line  of  the  posterior  ramus  of  the 
lateral  fissure  indicates  the  position  of  the  central  sulcus.  The  precentral  and 
postcentral  sulci  are  practically  parallel  to  the  central  sulcus;  they  are  situated 
respectively  about  15  mm.  in  front  of,  and  behind,  it.  The  superior  frontal  sulcus 
can  be  mapped  out  by  a  line  drawn  from  the  junction  of  the  upper  and  middle 
thirds  of  the  precentral  sulcus,  in  a  direction  parallel  with  the  longitudinal  sulcus, 
to  a  point  midway  between  the  middle  line  of  the  forehead  and  the  temporal  line, 

4  cm.  above  the  supraorbital  notch.  The  inferior  frontal  sulcus  begins  at  the  junc¬ 
tion  of  the  middle  and  lower  thirds  of  the  precentral  sulcus,  and  follows  the  course 
of  the  superior  temporal  line. 

The  horizontal  limb  of  the  intraparietal  sulcus  begins  from  the  junction  of  the 
lower  with  the  middle  third  of  the  postcentral  sulcus  and  curves  backward  parallel 
to  the  longitudinal  fissure,  midway  between  it  and  the  parietal  eminence;  it  then 
curves  downward  to  end  midway  between  the  lambda  and  the  parietal  eminence. 
The  external  part  of  the  parietooccipital  fissure  rims  lateralward  at  right  angles 
to  the  longitudinal  fissure  for  about  2.5  cm.  from  a  point  5  mm.  in  front  of  the 
lambda.  If  the  line  of  the  posterior  ramus  of  the  lateral  cerebral  fissure  be 
continued  back  to  the  longitudinal  fissure,  the  last  2.5  cm.  of  it  will  indicate  the 
position  of  the  parietooccipital  fissure. 

The  lateral  ventricle  may  be  circumscribed  by  a  quadrilateral  figure.  The  upper 
limit  is  a  horizontal  line  5  cm.  above  the  zygomatic  arch;  this  defines  the  roof  of 
the  ventricle.  The  lower  limit  is  a  horizontal  line  1  cm.  above  the  zygomatic  arch; 
it  indicates  the  level  of  the  end  of  the  inferior  horn.  Two  vertical  lines,  one  through 
the  junction  of  the  anterior  and  middle  thirds  of  the  zygomatic  arch,  and  the  other 

5  cm.  behind  the  tip  of  the  mastoid  process,  indicate  the  extent  of  the  anterior 
horn  in  front  and  the  posterior  horn  behind. 

Vessels. — The  line  of  the  anterior  division  of  the  middle  meningeal  artery  is 
equidistant  from  the  frontozygomatic  suture  aft id  the  zygomatic  arch;  it  is  obtained 
by  joining  up  the  following  points:  (1)  2.5  cm.,  (2)  4  cm.,  and  (3)  5  cm.  from 
these  two  landmarks.  The  posterior  division  can  be  reached  2.5  cm.  above  the 
auricular  point. 

The  position  of  the  transverse  sinus  is  obtained  by  taking  two  lines:  the  first 
from  the  inion  to  a  point  2.5  cm.  behind  the  auricular  point;  the  second  from  the 
anterior  end  of  the  first  to  the  tip  of  the  mastoid  process.  The  second  line  corre¬ 
sponds  roughly  to  the  line  of  reflection  of  the  skin  of  the  auricula  behind,  and  its 
upper  two-thirds  represents  the  sigmoid  part  of  the  sinus.  The  first  part  of  the 
sinus  has  a  slight  upward  convexity,  and  its  highest  point  is  about  4  cm.  behind 
and  1  cm.  above  the  level  of  the  auricular  point.  The  width  of  the  sinus  is 
about  1  cm. 

The  Face. — Air  Sinuses  (Fig.  1224). — The  frontal  and  maxillary  sinuses  vary 
so  greatly  in  form  and  size  that  their  surface  markings  must  be  regarded  as  only 
roughly  approximate.  To  mark  out  the  position  of  the  frontal  sinus  three  points 
are  taken:  (1)  the  nasion,  (2)  a  point  in  the  middle  line  3  cm.  above  the  nasion, 
(3)  a  point  at  the  junction  of  the  lateral  and  intermediate  thirds  of  the  supraorbital 
margin.  By  joining  these  a  triangular  field  is  described  which  overlies  the  greater 
part  of  the  sinus.  The  outline  of  the  maxillary  sinus  is  irregularly  quadrilateral 
and  is  obtained  by  joining  up  the  following  points:  (1)  the  lacrimal  tubercle,  (2) 
a  point  on  the  zygomatic  bone  at  the  level  of  the  inferior  and  lateral  margins  of  the 
orbit,  (3)  and  (4)  points  on  the  alveolar  process  above  the  last  molar  and  the  second 
premolar  teeth  respectively. 

External  Maxillary  Artery. — The  course  of  this  artery  on  the  face  may  be  indicated 
by  a  line  starting  from  the  lower  border  of  the  mandible  at  the  anterior  margin 
of  the  Masseter,  and  running  at  first  forward  and  upward  to  a  point  1  cm.  lateral 
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to  the  angle  of  the  mouth,  thence  to  the  ala  of  the  nose  and  upward  to  the  medial 
commissure  of  the  eye  (Fig.  1225). 

Trigeminal  Nerve. — Terminal  branches  of  this  nerve,  viz.,  the  supraorbital  branch 
of  the  ophthalmic,  the  infraorbital  of  the  maxillary, and  the  mentalof  the  mandibular 
emerge  from  corresponding  foramina  on  the  face  (Fig.  1225).  The  supraorbital 
foramen  is  situated  at  the  junction  of  the  medial  and  intermediate  thirds  of  the 
supraorbital  margin.  A  line  drawn  from  this  foramen  to  the  lower  border  of  the 
mandible,  through  the  interval  between  the  two  lower  premolar  teeth,  passes  over 
the  infraorbital  and  mental  foramina;  the  former  lies  about  1  cm.  below  the  margin 
of  the  orbit,  while  the  latter  varies  in  position  according  to  the  age  of  the  individual  ; 
in  the  adult  it  is  midway  between  the  upper  and  lower  borders  of  the  mandible, 
in  the  child  it  is  nearer  the  lower  border,  while  in  the  edentulous  jaw  of  old  age 
it  is  close  to  the  upper  margin. 


tHr~  f  uiritet  '  nus 


Lr&  txolacrimal 


Maxiilary  sinus 


Fio.  11*24. — Outline  of  bone#  of  face,  ahowitig  position  of 
air  ainufeea. 


Fio.  1225. — Outline  of  side  of  face,  showing  chief 
surface  marking#. 


The  position  of  the  sphenopalatine  ganglion  is  indicated  from  the  side  by  a 
point  on  the  upper  border  of  the  zygomatic  arch,  6  mm.  from  the  margin  of  the 
zygomatic  bone. 

Parotid  Gland  (Fig.  1225)r — The  upper  border  of  the  parotid  gland  corresponds  to 
the  posterior  two-thirds  of  the  lower  border  of  the  zygomatic  arch  ;  the  posterior 
border  to  the  front  of  the  external  acoustic  meatus,  the  mastoid  process,  and  the 
anterior  border  of  Sternocleidomastoideus,  The  inferior  border  is  indicated  by  a 
line  from  the  tip  of  the  mastoid  process  to  the  junction  of  the  body  and  greater 
cornu  of  the  hyoid  bone.  In  front,  the  anterior  border  extends  for  a  variable  dis¬ 
tance  on  the  superficial  surface  of  the  Masseter.  The  surface  marking  for  the  parotid 
duct  Is  a  line  drawn  across  the  face  about  a  fingers  breadth  below  the  zygomatic 
arch,  i.  e,,  from  the  lower  margin  of  the  concha  to  midway  between  the  red  margin 
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of  the  lip  and  the  ala  of  the  nose;  the  duct  ends  opposite  the  second  upper  molar 
tooth  and  measures  about  5  cm.  in  length, 

The  Nose. — The  outlines  of  the  nasal  bones  and  the  cartilages  forming  the  exter¬ 
nal  nose  can  be  easily  felt.  The  mobile  portion  of  the  nasal  septum,  formed  by 
the  medial  crura  of  the  greater  alar  cartilages  and  the  skin,  is  easily  distinguished 
between  the  nares.  When  the  head  is  tilted  back  and  a  speculum  introduced 
through  the  naris,  the  floor  of  the  nasal  cavity,  the  lower  part  of  the  nasal  septum, 
and  the  anterior  ends  of  the  middle  and  inferior  nasal  conch®.  can  be  examined. 
The  opening  of  the  nasolacrimal  duct,  which  lies  under  cover  of  the  front  of  the 
inferior  nasal  concha,  is  situated  about  2.5  cm.  behind  the  naris  and  2  cm.  above 
the  level  of  the  floor  of  the  nasal  cavity. 


Pfwrtfnq-Qpalnt'fl*  arch 


Palatine  tamil 


GloffoptdffHne  arrJt 


JIuc<rinaior 


Fiinyi/onm  puptUa 


Vallate  pl{/iUa; 


Flo,  1226. — Th»>  mouth  cavity.  The  chdekfl  hiivo  been  »lit  trarun^m-ly  an,]  the  pulled  forward 


The  Mouth. — The  orifice  of  the  mouth  is  bounded  by  the  lips,  which  are  covered 
externally  by  the  whitish  skin  and  internally  by  the  jed  mucous  membrane.  The 
size  of  the  orifice  varies  considerably  in  different  individuals,  but  seems  to  bear  a 
close  relationship  to  the  size  and  prominence  of  the  teeth;  its  angles  usually  corre¬ 
spond  to  the  lateral  borders  of  the  canine  teeth.  Running  down  the  center  of  the 
outer  surface  of  the  upper  lip  is  a  shallow  groove — the  philtnun.  If  the  lips  be 
everted  there  can  be  seen,  in  the  middle  line’  of  each,  a  small  fold  of  mucous  mem¬ 
brane — the  frenulum — passing  from  the  lip  to  the  gum.  By  pulling  the  angle  of  the 
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mouth  outward  the  raucous  membrane  of  the  cheek  tan  he  inspected,  and  on  this, 
opposite  the  -second  molar  tooth  of  the  maxilla,  is  the  little  papilla  which  marks 
the  orjfice  of  the  parotid  duct.  .  .  .'  ■ 

In  the  floor  of  the  mouth  is  the  tongue  (Fig.  1220).  Its  upper  surface  is  convex 
and  is  marked  along  the  middle  fine  by  #  shallow  sulcus:  the  anterior  two-thirds 
are  rough  and  studded  with  papillae;  the  posterior  third. isS  smooth  and  tubercuiaied. 
The  division  between  the  anterior  two-thirds  and  .the  posterior  third,  is  marked 
by  a  'V-shaped  furrow,  the  sulcus  terminalis,  which  is  situated  iratuedtately behind 
the  line  ofthe  vallate  papillae. 


An&tior-Htip&ipgtevd  ^ 


.L  >  Tt  ■ 


...  I'V.'tr  -  tM/tf.  v£*  ^JfpOQlo&vi 


LoYt#iiiM$inai  >r< 


'.fiiifir* .  Cif . dtici 

//a* 


-Tile  mouth  rarity.  The  appt  of  the  tongue.  i%  turned  upward,  and  on  the  right  side  a  superficial 
dlwiiction  of  it^  UiUlfrf  made 


On  the-  under  surface  of  the  tongue  [Fig.  122?)  the  mucous  membrane  is  smooth 
and  devoid  of  .papilla?;  In  the  'middle  jjne,  the.  pmcmis  inenahmoe  extends  to  the 
floor  of  the  mouth  os  a  distinct  fold— the  franuluto— the  free  edge  of  which  runs 
forward  to  the  symphysis  naenti.  Sometimes  the  ranine  vein  can  he  seed  immedi¬ 
ately  beneath  the  mucous  membrane,  a  little  lateral  to  the  frenulum.  Close  to  the 
attachment  of  the  frenulum  to  the  floor  of  the  mouth,  the  slit-like  orifice,  of  the 
submaxillarv  duct  is  visible  oil  either  side  Itunning  backward  and  lateralward 
from  the  orifice  of.  the  stihmiwdllfiry  duct  is  the  plica  sublingualis,  produced  by 
the  projection  of  the  subifiigOH I  gland  w  hich  lies  munedbitejy  beneath  the  mucous 
membrane.  The  plica  serves  also  to  indicate  the  line  of  the  submaxillary  duct 
and  of  the  lingual  nerve.  At  the  back  of  the  mout  h  is  the  isthnnis  fapeifun,  hounded 
above  by  the  palatine  velum,  from  the  free'  margin  of  which  the  uvula  projects 
downward  in  the  middle  line.  On  either  side  of  the  isthmus  are  the  two  palatine 
arches,  the  anterior  formed  by  the  OloHsopalatinus  and  the  posterior  by  the  1‘harvn- 
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gopalatinus.  Between  the  two  arches  of  either  side  is  the  palatine  tonsil,  above 
which  is  the  small  supratonsillar  recess;  the  position  of  the  tonsil  corresponds  to 
the  angle  of  the  mandible.  When  the  mouth  is  opened  widely,  a  tense  band— 
the  pterygomandibular  raphe — can  be  seen  and  felt  lateral  to  the  glossopalatine 
arch.  Its  lower  end  is  attached  to  the  mandible  behind  the  last  molar  tooth, 
and  immediately  below  and  in  front  of  this  the  lingual  nerve  can  be  felt ;  the  upper 


Natal  septum 


7 'hii'tynjfat.-  rtctss 


XWv^  '*j  auditory 
tub i 


'jpjgtlitfne 


Wm  mwiwu'ii 

Fiq.  1228. — Front  of  nasal  part  of  pharynx,  as  seen  with  the  larjrn|co<K,ope. 


end  of  the  ligament  can  be  traced  to  the  pterygoid  hamulus,  *\bout  l  cm.  in  front 
of  the  hamulus  and  1  cm.  medial  to  the  last  molar  tooth  of  the  maxilla  is  the  greater 
palatine  foramen  through  which  the  descending  palatine  vessels  and  the  anterior 
palatine  nerve  emerge.  Behind  the  last  molar  tooth  of  the  maxilla  the  coronoid 
process  of  the  mandible  is  palpable. 


M ed  la  n  tflmtoepipkiti  ic  Jol d 

(■ .  -  EptyfaHM  i 


.  r^ifvfd 


Vewfriattd*  fei# 


A  riicpifpUfr.it 


■0ii wlfptft  taetH&p « 


CvrniwttH*  cartjiijtf* 


Trachea 

Fit>.  1220, — LaryngoBcopic  view  of  interior  of  larynx 


By  tilting  the  head  well  back  a  portion  of  the  posterior  pharyngeal  wall,  corre¬ 
sponding  to  the  site  of  the  second  arid  third  cervical  vertebra?,  can  be  seen  through 
the  isthmus  faucium.  On  introducing  the  finger  the  anterior  surfaces  of  the  upper 
cervical  vertebra*  can  be  felt  through  the  thin  muscular  wall  of  the  pharynx; 
if  the  finger  be  hooked  round  the  palatine  velum,  the  choanse  can  be  distinguished  in 
front,  and  the  pharyngeal  ostium  of  the  auditory  tube  on  either  side.  The  level 
of  the  choatise  is  that  of  the  atlas,  while  the  palatine  velum  is  opposite  the  bc*i\ 
of  the  axis. 
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With  the  laryngoscope  many  fitlier struM-urek  ban  be  seen..'  In  the  nasal  part 
of  the  pharynx  (Fig.  1228'},  the  vhoame,  the  ijasalseptiuo,  the  uks&I  eopchae,  and 
the  pharyngeal  ostia  of  the  auditory-  tubes  mi  all  be  examined..  Further  down.  the 
base  of  the  tongue,  the  anterior  surface  of  the  epiglottis  with  the  glossoepiglottic 
and  pliaryngiiepiglottic  folds  bounding  the  vallycultei  and  the  piriform  sinuses,  are 
readily  distinguished.  Beyond  these  is  the  entrance  to  the  larynx,  bounded  on 
either  side  by  the  aryepigfottie  lohN,  ii,  each  of  which  ore1  two  rounded  eminences 
corresponding  to.  $bp  ^>ir«lc.*ul^t!e dml  caSheifijrin  cartilages. 

Within  thekrytix  (FigtlS-J?)  pbeilther^kle  are  the.  ventricular  and  vocal  folds 
(false  anti  title  vocal  ebard’?}  with  the  ventricle  between  them.  Still  deeper  are 
seen  the  cricoid  -cartilage  and  the  anterior  parts  of  s»>me  of  the  ea'rtilagiiious  rings 
of  the  trachea v  and  sometimes,  during  deep  inspiration.  the  bifurcation  of  the 
trachea. 

The  Eye.— The  palpebral  fisSiire  is  elliptical  in  shape,  and  varies  in  form  in  dif¬ 
ferent  individuals,  and  in  different,  races -of  mankind;  normally  it  is  oblique,  in  a 
direction  .upward  arid  laterahvard.  so  that  the  lateral  cojnmt.sj.are  is  on  a  slightly 
higher  level  that!  the  medial.  When  the  eyes  are  directed  forward  »s  in  ordinary 
vision  the  upper  part  of  the  cornea  is  covered  by  the  upper  ^yriidi'Wtd-Tts.lfWiet 
margin  corresponds  the  level  of  the  free  margin  nf  the  lower  eyelid,  so  that 
usually  the  lower  three-fourths  are  expo-e  l. 

At  the  media?  commissure  (Fig.  1230)  are  the  caruneuliv  laeriniivlis  .*tnd  the  plica 
semilunaris.  When  the  lids  are  ) 
nearly  straight  parallel  row?  of 
light  yellow  gramife.  On  the 
margins  of  the  litis  about  5  mini, 
from  the  (tuudi^l commissure  are 
two  small  ojrt'tiings -the  lacrimal 
ptmeta;  in  the  natural  condition 
they  are  in  contact  with  the  con¬ 
junctiva  of  the  hnlb  of  the  eye. 

&o  that  it  is  necessary  tp  evert 
the  eyelids  to  expose  them.  The 
position  of  the  lacrimal  sac  is  indi- 


*(%.»?}&*#¥$*■ 
.  v  V*.  ’  •  Jj&jM/ 


■  cjy  Vri*s4r 

V mvj'i 


calfed  by  a  little  tubercle  which 
curt  be  plainly  felt  on  the  lower 
margin  of  the  orbit  ;  the.  sac  lies 
immediately  above  and  medial  to 
the  tubercle-  If  the  eyelids  Tie. 
drawn  hitendward  so  as  to  tighten 
the  skin  at  the  medial  commissure 
a  prominent  core  can  be  IVh  be- 


Frux4  »f  *?.v e  wHJ’  pyelitis  to  show 

mfyliul  cdntbH* 


nenth  the  tightened  skin:  this  is  the  medial  palpebral  ligament,  whirl)  lies  over 
the  junction  Of  the  upper  -with  the  lower  two-thirds  of  the  sac.,  thus  forming  a 
useful  guide  to  its  situation.  The  direction  of  the  mi.solacriKml  duct  is  indicated 
by  a  line  from  the  lacrimal  sac  to  the  first  molar  tooth  of  the  maxilla ;  the  length 
ctf  the  dtjirtJs  about  12  or  13  mm. 

On  looking  into  the  eye,  the  iris  with  its  opening,  the  pupil,  and  the  front  of  the 
Uras  can  be  exainhied,  but  for  jut  estignrirnvof  the  retbm  an  ophthttlmosimpe  is  tseces- 

•jarv.'.  With  this,  the  leas,  the  vessels  of  the  retina,  t  he  optic  dtek,  and;  the  macula 
jhftncan.iiti  be  inspected  (Tljj.  1231).-' 

On  the  lateral  surface  of  the  nasal,  par?  of  the  front fd  bone  the  -pulley  of  the 
Obliquos  superior  can  be  easily  reached  by  pushing  the  finger  backward  along  the 
roof  of  the  orbit;  the  tendon  of  -.he  muscle  can  be  traced  for  h  short  distance  back¬ 
ward  and  lateral  ward  from  the  pulley. 
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Macula 


U4iHa 

FW..  •123l.—Th«'.fiit1sri«t  it  half  rtf  ttyffewtl, 


The  various  proinipenoes  ilnd  fosste  of  the  auricula  (see  page  1042;); 
ig.  1332),  The  opening  of  the  external  acousdc  meatus  is  exposed  In 
-V  drawing  the  ttagtis  funraoi,  at  the  orifice  are  a  few 

short  crisp  Ju^i^  Avhtdv  serve  to  prevent  the  entrance 
fcjpk  of  dust  or  of  small  beyond  this  the  seiuasblfm; 

Jp^  %  of  the  cerciasiuros  glands  serves  to  catch  any  small 

||*  ja  particles  which  may  find  their  way  into  t  he  meat  us. 

fjafc  m  The  ‘niter  ipr  of  the  meatus  can  be  exammed.  through 

,'f.  a  .speculum.  At  the  line  of  junction  of  its  boo;. 

.t}j0  and  ‘Cartilaginous  portions  an  obtuse  angle  h  formal 

IraF-S1,  which  projects.  into  the  nutvoeipferior  wall  and 

«8jW! .  ;  produces  n  .narrow  ing  of  the  iatnea  in  this  situation. 

$p|Me  t\  ■  The  esftitagiinrfts  part;,  however.  i*  enaneottsl  to  the 
K^-v  v.  bony  part  by  fibrous  tissue  which  renders  the  outer 
! .  part  of  the  meatus  very  movable,  and  therefore  by 

drawing  the  auricula  upward,  backward,  and  slightly 
k  *4%  pptwatd,  the  c&nal  is  rendered  almost  straight.  In 
'-Wb.  children  the  meatus  is  very  short,  and  this  should 
..fee  remeuiberraj  in  irnrodumng  the  speculum  ; 

Through  the  speculum  the  greater  pairt  of  the  tym¬ 
panic  metahrane  (Fig.  1233)  us  viaiblr-,  It  is  a  pearly- 
gray  memhraute  slightly  gUstentiig  hh  the  adult*  placed 
obliquely  so  as  to  form  with  tlfe  floor  of  the  meatus  an  angle  of  about  55*.  At 
birih,  it  is  more  horizontal  oud  situated  m  almost  the  same  plane  as  the  base  of  the 
skull.  Tlie  tnembratK'  is  coucave  outward,  and  the  point,  of  deepest  concavity— 
the  ombo-.—'is  slightly  below  the  venter.  Ilmming  upward  and  .slightly  forward 
froth.  tbeumh^is:  a  reddish-yellow  streak  ptoductai  by  the  manubrium  of  the 
malleus.  This  streak  ends  above  just  below  the  roof  of  the  meatus  at  a  small 
white  cotaded  promiacace  which  is  caused  by  the  .lateral  process  of  tire  malleus 
projecting against  the  merol  >f ape.  The  ttrttfcriwr  amt  posterior  malleolar  folds 
ilipb’wd'  lftim  The  ptomiuepce  tp  .the  ^t^wfemtee  of  the  membrane  and  enclose 
the  ?ws  fiacenia-  THnnd  t|iy  sbqtk<'.ea^Kd;^  -thir'..jKtta«briieB  of  -the  malleus  a 
second  sdtefefc,  shorter  atid  very  faint,  e»*ij  be  distingui.-ihcri*,  this  is  the  long  eras 


Fm;  i25i;— ' The  auricula  or  puma, 
lateral  3Ui"f*Kje. 
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of  the  incus.  A  narrow  triangular  patch  extending  downward  and  forward  from  the 
umbo  reflects  the  light  more  brightly  than  any  other  part,  and  is  usually  described 

as  the  cone  of  light. 

Post,  malleolar  fold 
Lengcrwfincu*  I 

\  .  ..  I  j  Lai.  pwc .  of  malleus 

/  A  •  rnaUeolu r  f>id 

Manubrium 
of  malleus 
Pmlero-auperiar 
quadrant 

Poster o-  inferior 
quadrant 


A  ht' 

qmdtani 

Vtnbo 


A  nUro*  inf  mar  quadrant 

Fra.  1233.— The  right  tympauic  membrane  as  seen  through  a  speculum. 


Groove  for  middle 
tem pored  arUry 


Parietal  notch 


Supramvatnl 

triangle 

^  OiXTIPlTALia 


Articular  tubercle 
PvsigkhOid  process 

Mandibular  fj&sa 


PctrcfymjKin-ie  Jifsurc 

\  kujxtiot  prrjrr.se  ^  w  \  \ 

\  \  Occipital  rjrtto^ 

j($\  \  Tyrannic  part 

Styloid  process 

Fio.  1234. — Left  temporal  bone  showing  surface  marking**  for  the  tympanic  antrum  (red),  transverse  sinus  (blue), 

and  facial  nerve  (yellow). 

Tympanic  Antrum, — The  site  of  the  tympanic  antrum  is  indicated  by  the  supra- 
meatal  triangle  (Fig*  1234).  This  triangle  is  bounded  above  by  the  posterior  root 
of  the  zygomatic*  arch;  behind  by  a  vertical  line  from  the  posterior  border  of  the 
external  acoustic  meatus;  in  front  and  below  by  the  upper  margin  of  the  meatus. 

The  Neck  (Pig,  1235), —Larynx  and  Trachea.— In  the  receding  angle  below  the 
chin,  the  hyoid  bone  (page  1300),  situated  opposite  the  fourth  cervical  vertebra,  can 
easily  be  made  out.  A  finger’s  breadth  below  it  is  the  laryngeal  prominence  of  the 


Siyunj^oetei’s 
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thyroid  cartilage;  the  space  intervening  between  the  hyoid  bone  and  the  thyroid 
cartilage  is  occupied  by  the  hyothyroid  membrane.  The  outlines  of  the  thyroid 
cartilage  are  readily  palpated;  below  its  lower  border  is  a  depression  corresponding 
to  the  middle  cricothyroid  ligament.  The  level  of  the  vocal  folds  corresponds  to 
the  middle  of  the  anterior  margin  of  the  thyroid  cartilage.  The  anterior  part  of 
the  cricoid  cartilage  forms  an  important  landmark  on  the  front  of  the  neck;  it 
lies  opposite  the  sixth  cervical  vertebra,  and  indicates  the  junctions  of  pharynx 
with  esophagus,  and  larynx  with  trachea.  Below  the  cricoid  cartilage  the  trachea 
can  be  felt,  though  it  is  only  in  thin  subjects  that  the  separate  rings  can  be  distin¬ 
guished;  as  a  rule  there  are  seven  or  eight  rings  above  the  jugular  notch  of  the 
sternum,  and  of  these  the  second,  third,  and  fourth  are  covered  by  th^  isthmus 
of  the  thyroid  gland. 


Muscles. — The  posterior  belly  of  Digastricus  is  marked  out  by  a  line  from  the  tip 
of  the  mastoid  process  to  the  junction  of  the  greater  cornu  and  body  of  the  hyoid 
bone;  a  line  from  this  latter  point  to  a  point  just  lateral  to  the  symphysis  mend 
indicates  the  position  of  the  anterior  belly.  The  line  of  Omohyoideus  begins  at 
the  lower  border  of  the  hyoid  bone,  curves  downward  and  lateralward  to  cross 
Sternocleidoma8toideus  at  the  junction  of  its  middle  and  lower  thirds,  t.  e.,  opposite 
the  cricoid  cartilage,  and  then  runs  more  horizontally  to  the  acromial  end  of  the 
clavicle. 

Arteries. — The  position  of  the  common  carotid  artery  in  the  neck  is  indicated 
by  a  line  drawn  from  the  upper  part  of  the  sternal  end  of  the  clavicle  to  a  point 
midway  between  the  tip  of  the  mastoid  process  and  the  angle  of  the  mandible. 
From  the  clavicle  to  the  upper  border  of  the  thyroid  cartilage  this  line  overlies 
the  common  carotid  artery,  beyond  this  it  is  over  the  external  carotid.  The 
external  carotid  artery  may  otherwise  be  marked  out  by  the  upper  part  of  a  line 
from  the  side  of  the  cricoid  cartilage  to  the  front  of  the  external  acoustic  meatus, 
arching  the  line  slightly  forward. 

The  points  of  origin  of  the  main  branches  of  the  external  carotid  in  the  neck 
are  all  related  to  the  tip  of  the  greater  cornu  of  the  hyoid  bone  as  follows:  (1)  the 
superior  thyroid,  immediately  below  it;  (2)  the  lingual,  on  a  level  with  it;  (3)  the 
facial,  and  (4)  the  occipital  a  little  above  and  behind  it. 
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The  subcl&Yi&n  artery  is  indicated  on  the  surface  by  a  curved  line,  convex  upward, 
from  the  sternoclavicular  articulation  to  the  middle  of  the  clavicle.  The  highest 
point  of  the  convexity  is  from  1  to  3  cm.  above  the  clavicle. 

Veins. — The  surface  marking  for  the  internal  jugular  vein  is  slightly  lateral  • 
and  parallel  to  that  for  the  common  carotid  artery.  The  position  of  the  external 
jugular  vein  is  marked  out  by  a  line  from  the  angle  of  the  mandible  to  the  middle 
of  the  clavicle.  A  point  on  this  line  about  4  cm.  above  the  clavicle  indicates  the 
spot  where  the  vein  pierces  the  deep  fascia.  The  line  of  the  anterior  jugular  vein 
begins  close  to  the  symphysis  menti,  runs  downward  parallel  with  and  a  little 
to  one  side  of  the  middle  line  and,  at  a  variable  distance  above  the  jugular  notch, 
turns  late$alward  to  the  external  jugular. 

Nerves. — The  facial  nerve  at  its  exit  from  the  stylomastoid  foramen  is  situated 
about  2.5  cm.  from  the  surface,  opposite  the  middle  of  the  anterior  border  of  the 
mastoid  process;  a  horizontal  line  from  this  point  to  the  ramus  of  the  mandible 
overlies  the  stem  of  the  nerve.  To  mark  the  site  of  the  accessory  nerve  a  line  is 
drawn  from  the  angle  of  the  mandible  to  a  point  on  the  anterior  border  of  Stemo- 
cleidomastoideus  about  3  to  4  cm.  below  the  apex  of  the  mastoid  process,  or  to  the 
midpoint  of  the  posterior  border  of  the  muscle;  the  line  is  continued  across  the 
posterior  triangle  to  Trapezius. 

The  cutaneous  branches  of  the  cervical  plexus  as  they  emerge  from  the  posterior 
border  of  Sternocleidomastoideus  may  be  indicated  as  follows:  the  lesser  occipital 
begins  immediately  above  the  midpoint  of  the  border  and  runs  along  the  border  to 
the  scalp;  the  great  auricular  and  cervical  cutaneous  both  start  from  the  middle 
of  the  border,  the  former  running  upward  toward  the  lobule  of  the  auricula,  the 
latter  crossing  Sternocleidomastoideus  at  right  angles  to  its  long  axis;  the  supra¬ 
clavicular  nerves  emerge  from  immediately  below  the  middle  of  the  posterior  border 
and  run  down  over  the  clavicle.  The  phrenic  nerve  begins  at  the  level  of  the  middle 
of  the  thyroid  cartilage  and  runs  behind  the  clavicle  about  midway  between  the 
anterior  and  posterior  borders  of  Sternocleidomastoideus. 

The  upper  border  of  the  brachial  plexus  is  indicated  by  a  line  from  the  side  of 
the  cricoid  cartilage  to  the  middle  of  the  clavicle. 

Submaxillary  Gland. — On  either  side  of  the  neck  the  superficial  portion  of  the 
submaxillary  gland,  as  it  lies  partly  under  cover  of  the  mandible,  can  be  palpated. 

The  Triangles  of  the  Neck  (Fig.  1236). — The  side  of  the  neck  presents  a  somewhat 
quadrilateral  outline,  limited,  above ,  by  the  lower  border  of  the  body  of  the  man¬ 
dible,  and  an  imaginary  line  extending  from  the  angle  of  the  mandible  to  the  mas¬ 
toid  process;  below ,  by  the  upper  border  of  the  clavicle;  in  front ,  by  the  middle 
line  of  the  neck;  behind ,  by  the  anterior  margin  of  the  Trapezius.  This  space  is 
subdivided  into  two  large  triangles  by  the  Sternocleidomastoideus,  which  passes 
obliquely  across  the  neck,  from  the  sternum  and  clavicle  below,  to  the  mastoid 
process  and  occipital  bone  above.  The  triangular  space  in  front  of  this  muscle  is 
called  the  anterior  triangle;  and  that  behind  it,  the  posterior  triangle. 

Anterior  Triangle. — The  anterior  triangle  is  bounded,  in  front,  by  the  middle 
line  of  the  neck;  behind ,  by  the  anterior  margin  of  the  Sternocleidomastoideus;  its 
base ,  directed  upward,  is  formed  by  the  lower  border  of  the  body  of  the  mandible, 
and  a  line  extending  from  the  angle  of  the  mandible  to  the  mastoid  process;  its 
apex  is  below,  at  the  sternum.  This  space  is  subdivided  into  four  smaller  triangles 
by  the  Digastricus  above,  and  the  superior  belly  of  the  Omohyoideus  below. 
These  smaller  triangles  are  named  the  inferior  carotid,  the  superior  carotid,  the 
submaxillary,  and  the  suprahyoid. 

The  Inferior  Carotid,  or  Muscular  Triangle,  is  bounded,  in  front ,  by  the  median 
line  of  the  neck  from  the  hyoid  bone  to  the  sternum;  behind ,  by  the  anterior  margin 
of  the  Sternocleidomastoideus;  above,  by  the  superior  belly  of  the  Omohyoideus. 
It  is  covered  by  the  integument,  superficial  fascia,  Platysma,  and  deep  fascia, 
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ramifying  in  which  are  some  of  the  branches  of  the  supraclavicular  nerves.  Be¬ 
neath  these  superficial  structures  are  the  Stemohyoideus  and  Stemothyreoideus, 
which,  together  with  the  anterior  margin  of  the  Stemocleidomastoideus,  conceal 
the  lower  part  of  the  common  carotid  artery.1  This  vessel  is  enclosed  within  its 
sheath,  together  with  the  internal  jugular  vein  and  vagus  nerve;  the  vein  lies 
lateral  to  the  artery  on  the  right  side  of  the  neck,  but  overlaps  it  below  on  the  left 
side;  the  nerve  lies  between  the  artery  and  vein,  on  a  plane  posterior  to  both. 
In  front  of  the  sheath  are  a  few  descending  filaments  from  the  ansa  hypoglossi; 
behind  the  sheath  are  the  inferior  thyroid  artery,  the  recurrent  nerve,  and  the  sym¬ 
pathetic  trunk;  and  on  its  medial  side,  the  esophagus,  the  trachea,  the  thyroid 
gland,  and  the  lower  part  of  the  larynx.  By  cutting  into  the  upper  part  of  this 
space,  and  slightly  displacing  the  Stemocleidomastoideus,  the  common  carotid 
artery  may  be  tied  below  the  Omohyoideus. 


The  Superior  Carotid,  or  Carotid  Triangle,  is  bounded,  behind  by  the  Stemocleido¬ 
mastoideus;  below ,  by  the  superior  belly  of  the  Omohyoideus;  and  above ,  by  the 
Stylohyoideus  and  the  posterior  belly  of  the  Digastricus.  It  is  covered  by  the  integu¬ 
ment,  superficial  fascia,  Platvsma  and  deep  fascia;  ramifying  in  which  are  branches 
of  the  facial  and  cutaneous  cervical  nerves.  Its  floor  is  formed  by  parts  of  the  Thyro- 
hyoideus,  Hyoglossus,  and  the  Constrictores  pharyngis  medius  and  inferior.  This 
space  when  dissected  is  seen  to  contain  the  upper  part  of  the  common  carotid 
artery,  which  bifurcates  opposite  the  upper  border  of  the  thyroid  cartilage  into  the 
external  and  internal  carotid.  These  vessels  are  somewhat  concealed  from  view 
by  the  anterior  margin  of  the  Stemocleidomastoideus,  which  overlaps  them. 
The  external  and  internal  carotids  lie  side  by  side,  the  external  being  the  more 
anterior  of  the  two.  The  following  branches  of  the  external  carotid  are  also  met 
with  in  this  space:  the  superior  thyroid,  running  forward  and  downward;  the 
lingual,  directly  forward;  the  external  maxillary,  forward  and  upward;  the  occipital, 
backward ;  and  the  ascending  pharyngeal,  directly  upward  on  the  medial  side  of  the 

1  Therefore  the  common  carotid  artery  and  internal  jugular  vein  are  not,  strictly  speaking,  contained  in  this  tri¬ 
angle.  since  they  are  covered  by  the  Stemocleidomastoideus;  that  is  to  say,  they  lie  under  that  muscle,  which  forms 
the  posterior  border  of  the  triangle.  But  as  they  lie  very  close  to  the  structures  which  are  really  contained  in  the 
triangle,  and  whose  position  it  is  essential  to  remember  in  operating  on  this  part  of  the  artery,  it  is  expedient  to  study 
the  relations  of  all  tnese  parts  together. 
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internal  carotid.  The  veins  met  with  are:  the  internal  jugular,  which  lies  on  the 
lateral  side  of  the  common  and  internal  carotid  arteries;  and  veins  corresponding 
to  the  above-mentioned  branches  of  the  external  carotid — viz.,  the  superior  thyroid, 
the  lingual,  common  facial,  ascending  pharyngeal,  and  sometimes  the  occipital — 
all  of  which  end  in  the  internal  jugular.  The  nerves  in  this  space  are  the  following. 
In  front  of  the  sheath  of  the  common  carotid  is  the  ramus  descendens  hypoglossi. 
The  hypoglossal  nerve  crosses  both  the  internal  and  external  carotids  above, 
curving  around  the  origin  of  the  occipital  artery.  Within  the  sheath,  between  the 
artery  and  vein,  and  behind  both,  is  the  vagus  nerve;  behind  the  sheath,  the  sym¬ 
pathetic  trunk.  On  the  lateral  side  of  the  vessels,  the  accessory  nerve  runs  for  a 
short  distance  before  it  pierces  the  Sternocleidomastoideus;  and  on  the  medial 
side  of  the  external  carotid,  just  below  the  hyoid  bone,  may  be  seen  the  internal 
branch  of  the  superior  laryngeal  nerve;  and,  still  more  inferiorly,  the  external 
branch  of  the  same  nerve.  The  upper  portion  of  the  larynx  and  lower  portion  of 
the  pharynx  are  also  found  in  the  front  part  of  this  space. 

The  Submaxillary  or  Digastric  Triangle  corresponds  to  the  region  of  the  neck 
immediately  beneath  the  body  of  the  mandible.  It  is  bounded,  above ,  by  the  lower 
border  of  the  body  of  the  mandible,  and  a  line  drawn  from  its  angle  to  the  mastoid 
process;  below ,  by  the  posterior  belly  of  the  Digastricus  and  the  Stylohyoideus; 
in  front,  by  the  anterior  belly  of  the  Digastricus.  It  is  covered  by  the  integument, 
superficial  fascia,  Platysma,  and  deep  fascia,  ramifying  in  which  are  branches 
of  the  facial  nerve  and  ascending  filaments  of  the  cutaneous  cervical  nerve.  Its 
floor  is  formed  by  the  Mylohyoideus,  Hyoglossus,  and  Constrictor  pharyngis 
superior.  It  is  divided  into  an  anterior  and  a  posterior  part  by  the  stylomandibular 
ligament.  The  anterior  part  contains  the  submaxillary  gland,  superficial  to  which 
is  the  anterior  facial  vein,  while  imbedded  in  the  gland  is  the  external  maxillary 
artery  and  its  glandular  branches;  beneath  the  gland,  on  the  surface  of  the  Mylo¬ 
hyoideus,  are  the  submental  artery  and  the  mylohyoid  artery  and  nerve.  The 
posterior  part  of  this  triangle  contains  the  external  carotid  artery,  ascending  deeply 
in  the  substance  of  the  parotid  gland;  this  vessel  lies  here  in  front  of,  and  super¬ 
ficial  to,  the  internal  carotid,  being  crossed  by  the  facial  nerve,  and  gives  off  in 
its  course  the  posterior  auricular,  superficial  temporal,  and  internal  maxillary 
branches:  more  deeply  are  the  internal  carotid,  the  internal  jugular  vein,  and  the 
vagus  nerve,  separated  from  the  external  carotid  by  the  Styloglossus  and  Stylo- 
pharyngeus,  and  the  glossopharyngeal  nerve.1 

The  Suprahyoid  Triangle  is  limited  behind  by  the  anterior  belly  of  the  Digastricus, 
in  front  by  the  middle  line  of  the  neck  between  the  mandible  and  the  hyoid  bone; 
below ,  by  the  body  of  the  hyoid  bone;  its  floor  is  formed  by  the  Mylohyoideus. 
It  contains  one  or  two  lymph  glands  and  some  small  veins;  the  latter  unite  to  form 
the  anterior  jugular  vein. 

Posterior  Triangle. — The  posterior  triangle  is  bounded,  in  front,  by  the  Sterno¬ 
cleidomastoideus;  behind,  by  the  anterior  margin  of  the  Trapezius;  its  base  is  formed 
by  the  middle  third  of  the  clavicle;  its  apex,  by  the  occipital  bone.  The  space 
is  crossed,  about  2.5  cm.  above  the  clavicle,  by  the  inferior  belly  of  the  Omo- 
hyoideus,  which  divides  it  into  two  triangles,  an  upper  or  occipital,  and  a  lower  or 
subclavian. 

The  Occipital  Triangle,  the  larger  division  of  the  posterior  triangle,  is  bounded, 
in  front,  by  the  Sternocleidomastoideus;  behind,  by  the  Trapezius;  below,  by  the 
Omohyoideus.  Its  floor  is  formed  from  above  downward  by  the  Splenius  capitis, 
Levator  scapulae,  and  the  Scaleni  medius  and  posterior.  It  is  covered  by  the  skin, 
the  superficial  and  deep  fasciae,  and  by  the  Platysma  below.  The  accessory  nerve 
is  directed  obliquely  across  the  space  from  the  Sternocleidomastoideus,  which  it 

i  The  remark  made  about  the  inferior  carotid  triangle  applies  also  to  this  one.  The  structures  enumerated  as  con¬ 
tained  in  its  posterior  part  lie,  strictly  speaking,  beneath  the  muscles  which  form  the  posterior  boundary  of  the  tri¬ 
angle;  but  as  it  is  very  important  to  bear  in  mind  their  close  relation  to  the  parotid  gland,  all  these  parts  are  spoken 
of  together. 
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pierces,  to  the  under  surface  of  the  Trapezius;  below,  the  supraclavicular  nerves 
and  the  transverse  cervical  vessels  and  the  upper  part  of  the  brachial  plexus  cross 
the  space.  A  chain  of  lymph  glands  is  also  found  running  along  the  posterior  border 
of  the  Sternocleidomastoideus,  from  the  mastoid  process  to  the  root  of  the  neck. 

The  Subclavian  Triangle,  the  smaller  division  of  the  posterior  triangle,  is  bounded, 
above,  by  the  inferior  belly  of  the  Omohyoideus;  below,  by  the  clavicle;  its  base  is 
formed  by  the  posterior  border  of  the  Sternocleidomastoideus.  Its  floor  is  formed 
by  the  first  rib  with  the  first  digitation  of  the  Serratus  anterior.  The  size  of  the 
subclavian  triangle  varies  with  the  extent  of  attachment  of  the  clavicular  portions 
of  the  Sternocleidomastoideus  and  Trapezius,  and  also  with  the  height  at  which 
the  Omohyoideus  crosses  the  neck.  Its  height  also  varies  according  to  the  position 
of  the  arm,  being  diminished  by  raising  the  limb,  on  account  of  the  ascent  of  the 
clavicle,  and  increased  by  drawing  the  arm  downward,  when  that  bone  is  depressed. 
This  space  is  covered  by  the  integument,  the  superficial  and  deep  fasciae  and  the 
Platysma,  and  crossed  by  the  supraclavicular  nerves.  Just  above  the  level  of  the 
clavicle,  the  third  portion  of  the  subclavian  artery  curves  lateralward  and  downward 
from  the  lateral  margin  of  the  Scalenus  anterior,  across  the  first  rib,  to  the  axilla, 
and  this  is  the  situation  most  commonly  chosen  for  ligaturing  the  vessel.  Some¬ 
times  this  vessel  rises  as  high  as  4  cm.  above  the  clavicle;  occasionally,  it  passes 
in  front  of  the  Scalenus  anterior,  or  pierces  the  fibers  of  that  muscle.  The  sub¬ 
clavian  vein  lies  behind  the  clavicle,  and  is  not  usually  seen  in  this  space;  but  in 
some  cases  it  rises  as  high  as  the  artery,  and  has  even  been  seen  to  pass  with  that 
vessel  behind  the  Scalenus  anterior.  The  brachial  plexus  of  nerves  lies  above 
the  artery,  and  in  close  contact  with  it.  Passing  transversely  behind  the  clavicle 
are  the  transverse  scapular  vessels;  and  traversing  its  upper  angle  in  the  same 
direction,  the  transverse  cervical  artery  and  vein.  The  external  jugular  vein  runs 
vertically  downward  behind  the  posterior  border  of  the  Sternocleidomastoideus, 
to  terminate  in  the  subclavian  vein;  it  receives  the  transverse  cervical  and  trans¬ 
verse  scapular  veins,  which  form  a  plexus  in  front  of  the  artery,  and  occasionally 
a  small  vein  which  crosses  the  clavicle  from  the  cephalic.  The  small  nerve  to  the 
Subclavius  also  crosses  this  triangle  about  its  middle,  and  some  lymph  glands  are 
usually  found  in  the  space. 

SURFACE  ANATOMY  OF  THE  BACK. 

Bones. — The  only  subcutaneous  parts  of  the  vertebral  column  are  the  apices 
of  the  spinous  processes.  These  are  distinguishable  at  the  bottom  of  a  furrow 
which  runs  down  the  middle  line  of  the  back  from  the  external  occipital  protuber¬ 
ance  to  the  middle  of  the  sacrum.  In  the  cervical  region  the  furrow  is  broad  and 
ends  below  in  a  conspicuous  projection  caused  by  the  spinous  processes  of  the 
seventh  cervical  and  first  thoracic  vertebrae.  Above  this,  the  spinous  process  of  the 
sixth  cervical  vertebra  sometimes  forms  a  projection;  the  other  cervical  spinous 
processes  are  sunken,  but  that  of  the  axis  can  be  felt.  In  the  thoracic  region  the 
furrow  is  shallow  and  during  stooping  disappears,  and  then  the  spinous  processes 
become  more  or  less  visible;  the  markings  produced  by  them  are  small  and  close 
together.  In  the  lumbar  region  the  furrow  is  deep  and  the  situations  of  the  spinous 
processes  are  frequently  indicated  by  little  pits  or  depressions,  especially  when  the 
muscles  in  the  loins  are  well-developed.  In  the  sacral  region  the  furrow  is  shallower, 
presenting  a  flattened  area  which  ends  below  at  the  most  prominent  part  of  the 
dorsal  surface  of  the  sacrum,  i.  e .,  the  spinous  process  of  the  third  sacral  vertebra. 
At  the  bottom  of  the  sacral  furrow  the  irregular  dorsal  surface  of  the  bone  may  be 
felt,  and  below  this,  in  the  deep  groove  running  to  the  anus,  the  coccyx. 

The  only  other  portions  of  the  vertebral  column  which  can  be  felt  from  the 
surface  are  the  transverse  processes  of  the  first,  sixth,  and  seventh  cervical  vertebrae. 


SURFACE  ANATOMY  OF  TlfE  HACK 


Muscles.— ^The  musefe  proper  of  the  hack  are  so  by  those  of  the 

extremity  (Ft-.  2237) 'that,  they  have  very  little  influence  on  surface  form 
Sjleaii  hy  their  divergent  serve  to  broaden  out  the  upper  part  of  the  back 
neck  and  produce  a  fulness  in  this  situation.  In  the  loin  the  Sacrospinales, 
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SURFACE  MARKINGS  OF  THE  BACK. 

Bony  Landmarks. — In  order  to  identify  any  particular  spinous  process  it  is 
customary  to  count  from  the  prominence  caused  by  the  seventh  cervical  and  first 


Fio.  1238. — Diagram  showing  the  relation  of  the  medulla  spinalis  to  the  dorsal  surface  of  the  trunk.  The  boosa 

are  outlined  in  red. 
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SURFACE  MARKINGS  OF  THE  HACK 


thoracic;  of  these  the  latter  is  the  more  prominent.  The  root  of  the  spine  of  the 
scapula  is  or»  a  level  with  the  tip  of  the  spinous  process  of  the  third  thoracic  vertebra,, 
anti  the  inferior  angle  with  that  of  the -seventh.  The  highest  point  of  the  iliac 
crest  is  on  »  level  with  the  spinous 

process  of  the  fourth  lumbar,  ftftd  the  .• 

posterior  superior  iliac  spine  with  that  t), 

of  the  second  sacral.  j®| 

The  trausveise  })roce$s  of  the  atlas 

is  about  1  cm.  below  and  i«  front  of  ,  ih f  r^vicai 

the  apex  of  tho  Rift$toid  process,  The  e«h:eruitafj  ©|  .  \ 

cmica  1 

vertebra,  is  opposite  the  cricoid  eartil- 
age;  beiw  it  is  the  transverse  pro¬ 
cess  of  the  seventh  4ind  occasionally 
a  cervical  rib. 


t’&Tk.ortKic 


1 Thoracic 


^Thoracic 


^Puimcic 


t^Tho.racicl 


i^TKoracic 


thorueva 


s/^Ttioracic 


V)^TU^*rx<,^  < 


n  ^Thoracic 


rx.&Thtrraci*' 


yj*&Lujkbar 


t&Luinbar 


H&Sumhar 


CoQcygcal 


Fi ft  1239  — SiuriUbl  ^Mion  of  vrirteferul  pjihAI  bo 


s&ow  Ou?  lower  *»i«l  of  th*  **ji7»drlra  aoJ  M.** 

fflur;)  Unm\iiiiU>.  {Ti*Rt«n  )  fvt\  fa.  ;Awi  b{th 

lumbsr  vrTv.tbw.  S^otfd  l 

Pujr«  mater  &  Loveplr  pfStfc  *>f  *ubjir*f;Knot<J  cavity. 
3.  i-owt*  rytfr^^ity  ■■  fv  KiMm  ter-; 

min,»te  in&roarrt  ax\ti  o;  Fttiim  .ttwfmna*?  suormtin. 

jIi  fatthnWl,  ot  fibiic  t*rvi*i*$l6  i«  Bm  eft.ismant 
.  ctsr.cy*.  ■  ■  \  ' 


-Seborr.e  *J*owimc  ilte  r*UUo&*  oC  tin* 
r-hment-  ot  tl»*  ^pmai  w.*m*  to  ibr 

■  (Alter  Kertil  .  ■  <■■  '. 

Medulla  Spinalis.— The  position  of  the  lower  end  of  the  medulla  spioKlis  viiriit3 
slightly  with  the  movement.*.  rtf  the  vertebral  column,  but.  in  the  adult,  in  the 
upright  postUre.il  is  usually  at  the  level  of  the  spinous  process- rtf  the  second  lumbar 


vertchra'i'Fig:  ;  at-  birth  if  tiers  ut  the  level  of  the  fourth  lumbar. 

The  sufcritaral  and  subarachnoid  cavities  end  below  opposite  the  spinou.-.  process 
of  the  tlii'rd  sacral  vertebra  i’fig,  12dbj. 
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Spinal  Nerves  (Fig.  1240).— The  table  on  page  1320,  after  Macalister,  shows  the 
relations  which  the  places  of  attachment  of  the  nerves  to  the  medulla  spinalis 
present  to  the  bodies  and  spinous  processes  of  the  vertebrae. 


SURFACE  ANATOMY  OF  THE  THORAX. 

Bones. — The  skeleton  of  the  thorax  is  to  a  very  considerable  extent  covered  by 
muscles,  so  that  in  the  strongly  developed  muscular  subject  it  is  for  the  most  part 
concealed.  In  the  emaciated  subject,  however,  the  ribs,  especially  in  the  lower  and 
lateral  regions,  stand  out  as  prominent  ridges  with  the  sunken  intercostal  spaces 
between  them. 

In  the  middle  line,  in  front,  the  superficial  surface  of  the  sternum  can  be  felt 
throughout  its  entire  length  at  the  bottom  of  a  furrow,  the  sternal  furrow,  situated 
between  the  Pectorales  majores.  These  muscles  overlap  the  anterior  surface 
somewhat,  so  that  the  whole  width  of  the  sternum  is  not  subcutaneous,  and  this 
overlapping  is  greatest  opposite  the  middle  of  the  bone;  the  furrow,  therefore,  is 
wide  at  its  upper  and  lower  parts  but  narrow  in  the  middle.  At  the  upper  border 
of  the  manubrium  stemi  is  the  jugular  notch:  the  lateral  parts  of  this  notch  are 
obscured  by  the  tendinous  origins  of  the  Sternocleidomastoidei,  which  appear  as 
oblique  cords  narrowing  and  deepening  the  notch.  Lower  down  on  the  subcu¬ 
taneous  surface  is  a  well-defined  transverse  ridge,  the  sternal  angle;  it  denotes  the 
junction  of  the  manubrium  and  body.  From  the  middle  of  the  sternum  the  sternal 
furrow  spreads  out  and  ends  at  the  junction  of  the  body  with  the  xiphoid  process. 
Immediately  below  this  is  the  infr asternal  notch;  between  the  sternal  ends  of  the 
seventh  costal  cartilages,  and  below  the  notch,  is  a  triangular  depression,  the 
epigastric  fossa,  in  which  the  xiphoid  process  can  be  felt. 

On  either  side  of  the  sternum  the  costal  cartilages  and  ribs  on  the  front  of  the 
thorax  are  partly  obscured  by  the  Pectoralis  major,  through  which,  however,  they 
can  be  felt  as  ridges  with  yielding  intervals  between  them  corresponding  to  the 
intercostal  spaces.  Of  these  spaces,  that  between  the  second  and  third  ribs  is  the 
widest,  the  next  two  are  somewhat  narrower,  and  the  remainder,  with  the  exception 
of  the  last  two,  are  comparatively  narrow. 

Below  the  lower  border  of  the  Pectoralis  major  on  the  front  of  the  chest,  the 
broad  flat  outlines  of  the  ribs  as  they  descend,  and  the  more  rounded  outlines  of  the 
costal  cartilages,  are  often  visible.  The  lower  boundary  of  the  front  of  the  thorax, 
which  is  most  plainly  seen  by  bending  the  body  backward,  is  formed  by  the  xiphjid 
process,  the  cartilages  of  the  seventh,  eighth,  ninth,  and  tenth  ribs,  and  the  ends  of 
the  cartilages  of  the  eleventh  and  twelfth  ribs. 

On  either  side  of  the  thorax,  from  the  axilla  downward,  the  flattened  external 
surfaces  of  the  ribs  may  be  defined.  Although  covered  by  muscles,  all  the  ribs, 
with  the  exception  of  the  first,  can  generally  be  followed  without  difficulty  over  the 
front  and  sides  of  the  thorax.  The  first  rib  being  almost  completely  covered  by 
the  clavicle  can  only  be  distinguished  in  a  small  portion  of  its  extent. 

At  the  back,  the  angles  of  the  ribs  lie  on  a  slightly  marked  oblique  line  on  either 
side  of,  and  some  distance  from,  the  spinous  processes  of  the  vertebrae.  The  line 
diverges  somewhat  as  it  descends,  and  lateral  to  it  is  a  broad  convex  surface  caused 
by  the  projection  of  the  ribs  beyond  their  angles.  Ch  er  this  surface,  except  where 
covered  by  the  scapula,  the  individual  ribs  can  be  distinguished. 

Muscles. — The  surface  muscles  covering  the  thorax  belong  to  the  musculature 
of  the  upper  extremity  (Figs.  1241,  1245),  and  will  be  described  in  that  section 
(page  1340).  There  is,  however,  an  area  of  practical  importance  bounded  by  these 
muscles.  It  is  limited  above  by  the  lower  border  of  Trapezius,  below  by  the  upper 
border  of  Latissimus  dorsi,  and  laterally  by  the  vertebral  border  of  the  scapula;  the 
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floor  is  partly  formed  by  Riiarobo/'deus  major.  If  the  scapula  be  drawn  forward  by 
folding  the  arms  across  the  chest,  and  the  trunk  bent  forward,  parts  of  the  sixth 
and  seventh  ribs  apd,  the  interspace  between  them  become  subcutah«>u»  and  avail¬ 
able  for  auscultation.,  The  space  is.  therefore  known  as  the  triangle  ot  auscultation. 


tlorsi 


Oi  l ifpMt  A  H  -? 

Rt< t'f-  :.>>V  '-***«?-* 


Tho  Wfc  bid**  of  tlit*  llrorax. 


Mamma.— -The  size  of  the  mamma .'is  subject  to  great  variations.  In  the  adult 
nulliparous  female,  ii  extends  vertically  from  the  second  to  the  sixth  rib,  and 
transversely  from,  the  side  of  the  sternum  to  the  imdaxiliary  line.  In  the  unde  and 
in  the  rniiliparous  fepiale  the  mammary  papilla  is  situated  hi  the  fourth  interspace 
about  9  or  K)hui.  front  the  middle  line,  or  2  cm.  from  the  costochondral  junction. 


Bony  Landmarks,—' The  .vieqiwl  gaKtid  Cartilage  ^art^jmndtng  to  the  steSrpaf 
angle  is  so  readily  found  that  Jt  is  used  as  a  starting-point  from  'which  to  count  the 
ribs.  The  lower  border  of  the  Pcctorulis  major  at. its  attucbiuent.  corresponds  to 
the  fifth  rib;  the  uppermost  visible  digitntiun,  tif  Serratus  smteribr  indicates  the 
sixth  rib. 

The  jugular  notch  is  in  the  same  horizontal  plane  ';afr  the  lower  border  of  the  body 
of  the  second  thoracic vertebra;  the  sternal  angle  is  at  the  level  uf  the  fifth  thoracic 
vertebra,  while  the  junction  between  the  body  and  -xiphoid  process  of  the  sternum 
conresptwtda  to  the  fibrbeart  ilage  between  the  ninth  and  tenth  fbonrete:  vertebrae 


The  influence  of  the  obliquity  of  the  whs  on  hori/uutaJ  levels  in  the  thorax  i.- 
well  shown  by  the  following  line.  '  1  f  u  hommmd  line  tic  drawn  around  the  body 
at  the  level  of  the  inferior  angle  of  the  .scapula,  % htiv  tin •  onwvnre  fit  the  side,  .  the 


P'<:io)Oji<s  t/iafa 
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line  would  cut  the  sternum  in  front  between  the  fourth  and  fifth  ribs,  the  fifth  rib 
in  the  nipple  line,  and  the  ninth  rib  at  the  vertebral  column/’  (Treves/ 

Diaphragm.  -The  shape  and  variations  of  the  diaphragm  as  seen  by  skiag¬ 
raphy  have  already  been  described  (page  408). 

Surface  Lines. —For  clinical  purposes,  and  for  convenience  of  description,  the 
surface  of  the  thorax  has  been  mapped  out  by  arbitrary  lines  (Fig.  1240).  On  the 
front  of  the  thorax  the  most  important  vertical  lines  are  the  midstemal,  the  middle 
line  of  the  sternum;  and  the  mammary,  or,  better  midciavicular,  which  runs  verti¬ 
cally  downward  from  a  point  midway  between  the  center  of  the  jugular  notch  and 
the  tip  of  the  acromion.  This  latter  line,  if  prolonged,  is  practically  continuous 
with  the  lateral  line  on  the  front  of  the  abdomen.  Other  vertical  lines  on  the  front 
of  the  thorax  are  the  lateral  sternal  along  the  sternal  margin,  and  the  parasternal 
midway  between  the  lateral  sternal  and  the  mammary. 

On  either  side  of  the  thorax  the  anterior  and  posterior  axillary  lines  are  drawn 
vertically  from  the  corresponding  axillary  folds;  the  midaxillary  line  runs  down¬ 
ward  from  the  apex  of  the  axilla. 

On  the  posterior  surface  of  the  thorax  the  scapular  line  is  drawn  vertically 
through  the  inferior  angle  of  the  scapula.  , 


. — Front  of  thorax,  showing  surface  relations  of  bones,  lungs  (purple), 
outline).  P.  Pulmonary  valve.  A.  Aortic  valve.  B.  Bicuspid  valve. 


ileura  (blue).  *D<i  heart  tp*L 
\  Tricuspid  valve. 


Pleurse  (Figs.  1242,  1243)*— The  lines  of  reflection  of  the  pleura?  can  be  indicated 
on  the  surface.  On  the  right  side  the  line  begins  at  the  sternoclavicular  articulation 
and  runs  downward  and  medialward  to  the  midpoint  of  the  junction  between  the 
manubrium  and  body  of  the  sternum.  It  then  follow' s  the  raidsteroal  line  to  the 
low  er  end  of  the  body  of  the  sternum  or  on  to  the  xiphoid  process,  where  it  turns 
laterahvard  and  dow  nward  across  the  seventh  sternocostal  articulation.  It  crosses 
the  eighth  costochondral  junction  in  the  mammary  line,  the  tenth  rib  in  the  mid- 
axillary  line,  and  is  prolonged  thence  to  the  spinous  process  of  the  twelfth  thoracic 
vertebra. 
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On  the  left  side,  beginning  at  the  sternoclavicular  articulation,  it  reaches  the 
midpoint  of  the  junction  between  the  manubrium  and  body  of  the  sternum,  and 
extends  down  the  midsternal  line  in  contact  with  that  of  the  opposite  side  to  the 
level  of  the  fourth  costal  cartilage.  It  then  diverges  lateralward  and  is  continued 
downward  slightly  lateral  to  the  sternal  border,  as  far  as  the  sixth  costal  cartilage. 
Running  downward  and  lateralward  from  this  point  it  crosses  the  seventh  costal 
cartilage,  and  from  this  onward  it  is  similar  to  the  line  on  the  right  side,  but  at  a 
slightly  lower  level. 

Lungs  (Figs.  1242,  1243). — The  apex  of  the  lung  is  situated  in  the  neck  above  the 
medial  third  of  the  clavicle.  The  height  to  which  it  rises  above  the  clavicle  varies 
very  considerably,  but  is  generally  about  2.5  cm.  It  may,  however,  extend  as 
high  as  4  or  5  cm.,  or,  on  the  other  hand,  may  scarcely  project  above  the  level 
of  this  bone. 


Fio,  1243 — 8ide  of  thorax,  ahomog  aurfnoe  markings  for  bonea,  lungs  (purple),  pleura  (blue),  and  tsplceu  (gnuen) 


In  order  to  mark  out  the  anterior  borders  of  the  lungs  a  line  is  drawn  from  each 
apex  point — 2.5  cm.  above  the  clavicle  and  rather  nearer  the  anterior  than  the 
posterior  border  of  Sternocleidomastoideus— downward  and  medialward  across  the 
sternoclavicular  articulation  and  manubrium  sterni  until  it  meets,  or  almost  meets, 
its  fellow  of  the  other  side  at  the  midpoint  of  the  junction  between  the  manubrium 
and  body  of  the  sternum.  From  this  point  the  two  lines  run  downward,  prac¬ 
tically  along  the  midsternal  line,  as  far  as  the  level  of  the  fourth  costal  cartilages. 
The  continuation  of  the  anterior  border  of  the  right  lung  is  marked  by  a  prolonga¬ 
tion  of  its  line  vertically  downward  to  the  level  of  the  sixth  costal  cartilage,  and 
then  it  turns  lateralw  ard  and  downward.  The  line  on  the  left  side  curves  lateralward 
and  downward  across  the  fourth  sternocostal  articulation  to  reach  the  parasternal 
line  at  the  fifth  costal  cartilage,  and  then  turns  medialward  and  downward  to  the 
sixth  sternocostal  articulation. 
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In  the  position  of  expiration  the  lower  border  of  the  lung  may  be  marked  by  a 
slightly  curved  line  with  its  convexity  downward,  from  the  sixth  sternocostal 
junction  to  the  tenth  thoracic  spinous  process.  This  line  crosses  the  mid-clavic¬ 
ular  line  at  the  sixth,  and  the  midaxillary  line  at  the  eighth  rib. 

The  posterior  borders  of  the  lungs  are  indicated  by  lines  drawn  from  the  level 
of  the  spinous  process  of  the  seventh  cervical  vertebra,  down  either  side  of  the 
vertebral  column,  across  the  costovertebral  joints,  as  low  as  the  spinous  process 
of  the  tenth  thoracic  vertebra. 

The  position  of  the  oblique  fissure  in  either  lung  can  be  shown  by  a  line  drawn 
from  the  spinous  process  of  the  second  thoracic  vertebra  around  the  side  of  the 
thorax  to  the  sixth  rib  in  the  mid-clavicular  line;  this  line  corresponds  roughly  to 
the  line  of  the  vertebral  border  of  the  scapula  when  the  hand  is  placed  on  the  top  of 
the  head.  The  horizontal  fissure  in  the  right  lung  is  indicated  by  a  line  drawn  from 
the  midpoint  of  the  preceding,  or  from  the  point  where  it  cuts  the  midaxillary  line, 
to  the  midsternal  line  at  the  level  of  the  fourth  costal  cartilage. 

Trachea. — This  may  be  marked  out  on  the  back  by  a  line  from  the  spinous 
process  of  the  sixth  cervical  to  that  of  the  fourth  thoracic  vertebra  where  it  bifur¬ 
cates;  from  its  bifurcation  the  two  bronchi  are  directed  downward  and  lateralward. 
In  front,  the  point  of  bifurcation  corresponds  to  the  sternal  angle. 

Esophagus. — The  extent  of  the  esophagus  may  be  indicated  on  the  back  by  a 
line  from  the  sixth  cervical  to  the  level  of  the  ninth  thoracic  spinous  process, 
2.5  cm.  to  the  left  of  the  middle  line. 

Heart. — The  outline  of  the  heart  in  relation  to  the  front  of  the  thorax  (Figs 
1242,  1244)  can  be  represented  by  a  quadrangular  figure.  The  apex  of  the  heart 
is  first  determined,  either  by  its  pulsation  or  as  a  point  in  the  fifth  interspace, 
9  cm.  to  the  left  of  the  midsternal  line.  The  other  three  points  are:  (a)  the  seventh 
right  sternocostal  articulation;  (6)  a  point  on  the  upper  border  of  the  third  right 
costal  cartilage  1  cm.  from  the  right  lateral  sternal  line;  (c)  a  point  on  the  lower 
border  of  the  second  left  costal  cartilage  2.5  cm.  from  the  left  lateral  sternal  line. 
A  line  joining  the  apex  to  point  (a)  and  traversing  the  junction  of  the  body  of  the 
sternum  with  the  xiphoid  process  represents  the  lowest  limit  of  the  heart — its 
acute  margin.  The  right  and  left  borders  are  represented  respectively  by  lines 
joining  (a)  to  (b)  and  the  apex  to  (c) ;  both  lines  are  convex  lateralward,  but  the 
convexity  is  more  marked  on  the  right  where  its  summit  is  4  cm.  distant  from  the 
midsternal  line  opposite  the  fourth  costal  cartilage. 

A  portion  of  the  area  of  the  heart  thus  mapped  out  is  uncovered  by  lung,  and 
therefore  gives  a  dull  note  on  percussion;  the  remainder  being  overlapped  by  lung 
gives  a  more  or  less  resonant  note.  The  former  is  known  as  the  area  of  superficial 
cardiac  dulness,  the  latter  as  the  area  of  deep  cardiac  dulness.  The  area  of  super- 
ficial  cardiac  dulness  is  somewhat  triangular;  from  the  apex  of  the  heart  two  lines 
are  drawn  to  the  midsternal  line,  one  to  the  level  of  the  fourth  costal  cartilage, 
the  other  to  the  junction  between  the  body  and  xiphoid  process;  the  portion  of  the 
midsternal  line  between  these  points  is  the  base  of  the  triangle.  Latham  lays 
down  the  following  rule  as  a  sufficient  practical  guide  for  the  definition  of  the  area 
of  superficial  dulness.  “Make  a  circle  of  two  inches  in  diameter  around  a  point 
midway  between  the  nipple  and  the  end  of  the  stemum.,, 

The  coronary  sulcus  can  be  indicated  by  a  line  from  the  third  left,  to  the  sixth 
right,  sternocostal  joint.  The  anterior  longitudinal  sulcus  is  a  finger’s  breadth  to 
the  right  of  the  left  margin  of  the  heart. 

The  position  of  the  various  orifices  is  as  follows:  The  pulmonary  orifice  is  sit¬ 
uated  in  the  upper  angle  of  the  third  left  sternocostal  articulation;  the  aortic 
orifice  is  a  little  below  and  medial  to  this,  close  to  the  articulation.  The  left  atrio¬ 
ventricular  opening  is  opposite  the  fourth  costal  cartilage,  and  rather  to  the  left 
of  the  midsternal  line;  the  right  atrioventricular  opening  is  a  little  lower,  opposite 


the  fourth  interspace  of  the  right  side.  The  lines  indicating  the  atrioventricular 
openings  are  slightly  below  and  parallel  to  the  line  of  the  coronary  sulcus. 

Arteries —The  line  of  the  ascending  aorta  begins  slightly  to  the  left  of  the  mid- 
sternal  line  opposite  the  third  costal  cartilage  and  extends  upward  and  to  the 
right  to  the  upper  border  of  the  second  right  costal  cartilage.  The  beginning  of 
the  aortic  arch  is  indicated  by  a  line  from  this  latter  point  to  the  midsternal  line 
about  2.5  cm.  below  the  jugular  notch.  The  point  on  the  midsternal  line  is  oppo¬ 
site  the  summit  of  the  arch,  and  a  line  from  it  to  the  right  sternoclavicular  articu¬ 
lation  represents  the  site  of  the  innominate  artery,  while  another  line  from  a  point 
slightly  to  the  left  of  it  and  passing  through  the  left  sternoclavicular  articulation 
indicates  the  position  of  the  left  common  carotid  artery  in  the  thorax. 


F id.  1244. — Diagram  showing  relations  of  opened  heart  to  front  of  thoracic  wall.  Ant.  Anterior  segment  of  tri- 
euspid  valve.  A  O.  Aorta.  A.r.  Anterior  papillary  muscle.  In.  Innominate  artery.  L.C.C,  Left  common  carotid 
artery.  L.S.  Left  subclavian  artery.  L.V.  Left  ventricle.  P.A.  Pulmonary  artery.  R.A.  Eight  atrium.  R.V. 
Eight  ventricle.  V.5.  Ventricular  septum. 


The  internal  mammary  artery  descends  behind  the  first  six  costal  cartilages 
about  1  cm.  from  the  lateral  sternal  line. 

Veins, — The  line  of  the  right  innominate  vein  crosses  the  right  sternoclavicular 
joint  and  the  upper  border  of  the  first  right  costal  cartilage  about  1  cm.  from  the 
lateral  sternal  line;  that  of  the  left  innominate  vein  extends  from  the  left  sterno¬ 
clavicular  articulation  to  meet  the  right  at  the  upper  border  of  the  first  right 
costal  cartilage.  The  junction  of  the  two  lines  indicates  the  origin  of  the  superior 
vena  cava,  the  line  of  which  is  continued  vertically  down  to  the  level  of  the  third 
right  costal  cartilage.  The  end  of  the  inferior  vena  cava  is  situated  opposite  the 
upper  margin  of  the  sixth  right  costal  cartilage  about  2  cm.  from  the  mid¬ 
sternal  line. 
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SURFACE  ANATOMY  OF  THE  ABDOMEN. 

Skin. — The  skin  of  the  front  of  the  abdomen  is  thin.  In  the  male  it  is  often 
thickly  hair-clad,  especially  toward  the  lower  part  of  the  middle  line;  in  the  female 
the  hairs  are  confined  to  the  pubes.  Just  below  the  line  of  the  iliac  crest,  especially 
marked  in  fat  subjects,  is  a  shallow  groove  termed  the  iliac  furrow,  while  in  the 
site  of  the  inguinal  ligament  a  sharper  fold  known  as  the  fold  of  the  groin  is  easily 
distinguishable. 

After  distension  of  the  abdomen  from  pregnancy  or  other  causes  the  skin  com¬ 
monly  presents  transverse  white  lines  which  are  quite  smooth,  being  destitute 
of  papillae;  these  are  known  as  stria  gravidarum  or  stria  albicantes.  The  linea 
nigra  of  pregnancy  is  often  seen  as  a  pigmented  brown  streak  in  the  middle  line 
between  the  umbilicus  and  symphysis  pubis. 

In  the  middle  line  of  the  front  of  the  abdomen  is  a  shallow  furrow  which  extends 
from  the  junction  between  the  body  of  the  sternum  with  the  xiphoid  process  to  a 
short  distance  below  the  umbilicus;  it  corresponds  to  the  linea  alba.  The  umbilicus 
is  situated  in  the  middle  line,  but  it  varies  in  position  as  regards  its  height;  in  an 
adult  subject  it  is  always  placed  above  the  middle  point  of  the  body,  and  in  a  nor¬ 
mal  well-nourished  subject  is  from  2  to  2.5  cm.  above  the  level  of  the  tubercles 
of  the  iliac  crests. 

Bones. — The  bones  in  relation  with  the  surface  of  the  abdomen  are  (1)  the  lower 
part  of  the  vertebral  column  and  the  lower  ribs  and  (2)  the  pelvis;  the  former 
have  already  been  described  (page  1318),  the  latter  will  be  considered  with  the 
lower  limb. 

Muscles  (Fig.  1245). — The  only  muscles  of  the  abdomen  which  have  any  consider¬ 
able  influence  on  surface  form  are  the  Obliquus  extemus  and  the  Rectus.  The 
upper  digitations  of  origin  of  Obliquus  ertemus  are  well-marked  in  a  muscular  sub¬ 
ject,  interdigitating  with  those  of  Serratus  anterior;  the  lower  digitations  are  cov¬ 
ered  by  the  border  of  Latissimus  dorsi  and  are  not  visible.  The  attachment  of  the 
Obliqui  externus  and  internus  to  the  crest  of  the  ilium  forms  a  thick  oblique  roll 
which  determines  the  iliac  furrow.  Sometimes  on  the  front  of  the  lateral  region  of 
the  abdomen  an  undulating  line  marks  the  passing  of  the  muscular  fibers  of  the 
Obliquus  externus  into  its  aponeurosis.  The  lateral  margin  of  the  Obliquus  externus 
is  separated  from  that  of  the  Latissimus  dorsi  by  a  small  triangular  interval — the 
lumbar  triangle — the  base  of  which  is  formed  by  the  iliac  crest,  and  its  floor  by 
Obliquus  internus. 

The  lateral  margin  of  Rectus  abdominis  is  indicated  by  the  linea  semilunaris, 
which  may  be  exactly  defined  by  putting  the  muscle  into  action.  The  surface  of 
the  Rectus  presents  three  transverse  furrows,  the  tendinous  inscriptions:  the  upper 
two  of  these,  viz.,  one  opposite,  or  a  little  below,  the  tip  of  the  xiphoid  process, 
and  the  other  midway  between  this  point  and  the  umbilicus,  are  usually  well- 
marked;  the  third,  opposite  the  umbilicus,  is  not  so  distinct.  Between  the  two 
Recti  the  linea  alba  can  be  palpated  from  the  xiphoid  process  to  a  point  just  below 
the  umbilicus;  it  is  represented  by  a  distinct  dip  between  the  muscles:  beyond 
this  the  muscles  are  in  apposition. 

Vessels. — In  thin  subjects  the  pulsation  of  the  abdominal  aorta  can  be  readily 
felt  by  making  deep  pressure  in  the  middle  line  above  the  umbilicus. 

Viscera. — Under  normal  conditions  the  various  portions  of  the  digestive  tube 
cannot  be  identified  by  simple  palpation.  Peristalsis  of  the  coils  of  small  intestine 
can  be  observed  in  some  persons  writh  extremely  thin  abdominal  w^alls  when  some 
degree  of  constipation  exists.  In  cases  of  constipation  it  is  sometimes  possible  to 
trace  portions  of  the  great  intestine  by  feeling  the  fecal  masses  within  the  gut. 
In  thin  persons  with  relaxed  abdominal  walls  the  iliac  colon  can  be  felt  in  the  left 
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iliac  region— -mtUjJg  under  the  fingers  when  empty  and  forming  a  distract  tumor 
when  distended.  '/'vfe " 
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position  of  the  liver  varies  according  to  the  posture  of  the  body.  In  the  erect 
posture  in  the  adult  male  the  edge,  of the  liver  projects  about  l  em.  below  the 
lower  tnnrgia  of  the  right  costal  cartilages,  and  its  inferior  margin  can  often  he  felt 
in  this  situation  if  the  abdominal  waif  fa  thin.  In  the  supine  position  the  liver 
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recedes  above  the  margin  of  the  ribs  and  cannot  then  be  detected  by  the  finger; 
in  the  prone  position  it  falls  forward  and  is  then  generally  palpable  in  a  patient 
with  loose  and  lax  abdominal  walls.  Its  position  varies  with  the  respiratory 
movements;  during  a  deep  inspiration  it  descends  below  the  ribs;  in  expiration 
it  is  raised.  Pressure  from  without,  as  in  tight  lacing,  by  compressing  the  lower 
part  of  the  chest,  displaces  the  liver  considerably,  its  anterior  edge  frequently 
extending  as  low  as  the  crest  of  the  ilium.  Again  its  position  varies  greatly  with 
the  state  of  the  stomach  and  intestines;  when  these  are  empty  the  liver  descends, 
when  they  are  distended  it  is  pushed  upward. 

The  pancreas  can  sometimes  be  felt,  in  emaciated  subjects,  when  the  stomach 
and  colon  are  empty,  by  making  deep  pressure  in  the  middle  line  about  7  or  8  cm. 
above  the  umbilicus. 

The  kidneys  being  situated  at  the  back  of  the  abdominal  cavity  and  deeply 
placed  cannot  be  palpated  unless  enlarged  or  misplaced. 


SURFACE  MARKINGS  OF  THE  ABDOMEN. 

Bony  Landmarks. — Above,  the  chief  bony  markings  are  the  xiphoid  process, 
the  lower  six  costal  cartilages,  and  the  anterior  ends  of  the  lower  six  ribs.  The 
junction  between  the  body  of  the  sternum  and  the  xiphoid  process  is  on  the  level 
of  the  tenth  thoracic  vertebra.  Below,  the  main  landmarks  are  the  symphysis 
pubis  and  the  pubic  crest  and  tubercle,  the  anterior  superior  iliac  spine,  and  the 
iliac  crest. 

Muscles  (Fig.  1253). — The  Rectus  lies  between  the  linea  alba  and  the  linea  semi¬ 
lunaris;  the  former  is  indicated  by  the  middle  line,  the  latter  by  a  curved  line, 
convex  lateralward,  from  the  tip  of  the  cartilage  of  the  ninth  rib  to  the  pubic 
tubercle;  at  the  level  of  the  umbilicus  the  linea  semilunaris  is  about  7  cm.  from  the 
middle  line.  The  line  indicating  the  junction  of  the  muscular  fibers  of  Obtiquus 
extemus  with  its  aponeurosis  extends  from  the  tip  of  the  ninth  costal  cartilage 
to  a  point  just  medial  to  the  anterior  superior  iliac  spine. 

The  umbilicus  is  at  the  level  of  the  fibrocartilage  between  the  third  and  fourth 
lumbar  vertebrae. 

The  subcutaneous  inguinal  ring  is  situated  1  cm.  above  and  lateral  to  the  pubic 
tubercle;  the  abdominal  inguinal  ring  lies  1  to  2  cm.  above  the  middle  of  the  inguinal 
ligament.  The  position  of  the  inguinal  canal  is  indicated  by  a  line  joining  these 
two  points. 

Surface  Lines. — For  convenience  of  description  of  the  viscera  and  of  reference 
to  morbid  conditions  of  the  contained  parts,  the  abdomen  is  divided  into  nine 
regions,  by  imaginary  planes,  two  horizontal  and  two  sagittal,  the  edges  of  the  planes 
being  indicated  by  lines  drawn  on  the  surface  of  the  body  (Fig.  1246).  In  the  older 
method  the  upper,  or  subcostal,  horizontal  line  encircles  the  body  at  the  level  of  the 
lowest  points  of  the  tenth  costal  cartilages;  the  lower,  or  intertubercular,  is  a  line 
carried  through  the  highest  points  of  the  iliac  crests  seen  from  the  front,  t.  e., 
through  the  tubercles  on  the  iliac  crests  about  5  cm.  behind  the  anterior  superior 
spines.  An  alternative  method  is  that  of  Addison,  who  adopts  the  following  lines: 

(1)  An  upper  transverse,  the  transpyloric,  halfway  between  the  jugular  notch 
and  the  upper  border  of  the  symphysis  pubis;  this  indicates  the  margin  of  the 
transpyloric  plane,  which  in  most  cases  cuts  through  the  pylorus,  the  tips  of  the 
ninth  costal  cartilages  and  the  lower  border  of  the  first  lumbar  vertebra;  (2)  a 
lower  transverse  line  midway  between  the  upper  transverse  and  the  upper  border 
of  the  symphysis  pubis;  this  is  termed  the  transtubercular,  since  it  practically  corre¬ 
sponds  to  that  passing  through  the  iliac  tubercles;  behind,  its  plane  cuts  the  body 
of  the  fifth  lumbar  vertebra. 
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named  from  subcostal,  umbilical,  jtnd  bypogasStic  *oa«8.  Each  of  these 

is  further  subdivide  ittti>  t!sree  regieha  by the  two  Mgjttal  planes,  whuA  »t$  itidi- 
csittl  on  the  surfacfuby  a  right  slid  a  left  l&tglpil  line  vertically  through- 
points  halfway  between  the  niiftrior  superior  iliac  spme3  and  the  middle  Hue.  'lie- 
middle  region  of  the  upper  zone  is  called  the  epigastric,  and  the  two  lateral  regions 
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tbe  right  and  left  hypochondriac.  The  central  region  of  the  middle  ft  one  h  the 
timblMcal,  and  tlm  two  lateral  regions  the  right  and  left  lumbar.  Tbe  middle  region 
of  the  lower  zone  is  the  hypogastric  or  pubic,  and  tbe  lateral  *iri  tbe  right  and  teft 
iliac  or  inguinaL  The  middle  region*,  yifc;.  epigastric,  umbilical,  and  pubic,  m*  each 
be  divided  into  right  and  left  jwrtioris  by  the  ?iiid»Jtc  line.  In  the  following  descrij.- 
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Stpmacb  (Fig.  1249). — The  shape  of  the  stomach  is  constantly  undergoing  altera¬ 
tion;  it  is  affected  by  the  particular  phase  of  the  process  of  gastric  digestion,  by 


Fig  1247. — With  the  patient  in  the  erect  posture.  Fio.  124S. — With  the  natieut  lyiug  down. 

Fig*.  1247  olid  1248. — Radiographs  of  a  moderately  distended  stomach,  showing  the  influence  of  posture 

(Modified  from  Herts.) 


the  state  of  the  surrounding  viscera,  and  by  the  amount  and  character  of  its  am* 
tents.  Its  position  also  varies  with  that  of  the  body  (Figs.  1247,  1248).  so 
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-Front  of  abdomen,  showing  surface  markings  For  liver,  stomach,  and  great  intestine. 


that  it  is  impossible  to  indicate  it  on  the  surface  with  any  degree  of  accuracy 
measurements  given  refer  to  a  moderately  filled  stomach  with  the  body 
supine  position. 
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The  cardiac  orifice  is  opposite  the  seventh  left  costal  cartilage  about  2.5  cm. 
from  the  side  of  the  sternum;  it  corresponds  to  the  level  of  the  tenth  thoracic  verte¬ 
bra.  The  pyloric  orifice  is  on  the  transpyloric  line  about  1  cm.  to  the  right  of  the 
middle  line,  or  alternately  5  cm.  below  the  seventh  right  sternocostal  articulation; 
it  is  at  the  level  of  the  first  lumbar  vertebra.  A  curved  line,  convex  downward  and 
to  the  left,  joining  these  points  indicates  the  lesser  curvature.  In  the  left  lateral 
line  the  fundus  of  the  stomach  reaches  as  high  as  the  fifth  interspace  or  the  sixth 
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Fio.  12.W — Topography  of  thoracic  and  abdominal  viscera. 
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right  cartilage,  and  the  sides  by  two  lines  drawn  from  the  end  of  the  eighth  left 
costal  cartilage  to  the  ends  of  the  base  line. 

A  space  of  some  clinical  importance — the  space  of  Traube — overlies  the  stomach 
and  may  be  thus  indicated.  It  is  semilunar  in  outline  and  lies  within  the  following 
boundaries:  the  lower  edge  of  the  left  lung,  the  anterior  border  of  the  spleen,  the 
left  costal  margin  arid  the  inferior  margin  of  the  left  lobe  of  the  liver. 

Duodenum  (Fig.  1251). — The  superior  part  is  horizontal  and  extends  from  the 
pylorus  to  the  right  lateral  line;  the  descending  part  is  situated  medial  to  the 
right  lateral  line,  from  the  transpvlorie  line  to  a  point  midway  between  the  trans- 
pyloric  and  transtubercular  lines.  The  horizontal  part  runs  with  a  slight  upward 
slope  from  the  end  of  the  descending  part  to  the  left  of  the  middle  line;  the  ascending 
part  is  vertical,  and  reaches  the  transpyloric  line,  where  it  ends  in  the  duodeno¬ 
jejunal  flexure,  about  2.5  cm.  to  the  left  of  the  middle  line. 


Fig.  1251.  —  Frout  of  abdomen,  allowing  surface  markings  for  duodenum,  pancreas,  and  kidney-*  .4  A'  Pte* 
through  joint  between  body  and  xiphoid  process  of  sternum.  B  B*.  Plane  midway  between  A  A'  and  trjuxspyk^v 
plane •  C  Cf.  Plane  midway  between  transpyloric  and  transtubercular  planes. 

Small  Intestine. — The  coils  of  small  intestine  occupy  the  front  of  the  abdomen. 
For  the  most  part  the  coils  of  the  jejunum  are  situated  on  the  left  side,  t.  c.t  in  the 
left  lumbar  and  iliac  regions,  and  in  the  left  half  of  the  umbilical  region.  The  emb 
of  the  ileum  lie  toward  the  right  in  the  right  lumbar  and  iliac  regions,  in  the  right 
half  of  the  umbilical  region,  and  in  the  hypogastric  region;  a  portion  of  the  iieunt 
is  within  the  pelvis.  The  end  of  the  ileum,  i .  e.,  the  ileocolic  junction,  is  slightly 
below  and  medial  to  the  intersection  of  the  right  lateral  and  transtubercular  line% 

Cecum  and  Vermiform  Process.— The  cecum  is  in  the  right  iliac  and  hypo 
gastric  regions;  its  position  varies  with  its  degree  of  distension,  but  the  midpoint 
of  a  line  drawn  from  the  right  anterior  superior  iliac  spine  to  the  upper  margin  of 
the  symphysis  pubis  will  mark  approximately  the  middle  of  its  lower  border. 

The  position  of  the  base  of  the  vermiform  process  is  indicated  by  a  point  on  tire 
lateral  line  on  a  level  with  the  anterior  superior  iliac  spine. 

Ascending  Colon.— The  ascending  colon  passes  upward  through  the  right 
lumbar  region,  lateral  to  the  right  lateral  line.  The  right  colic  flexure  is  situated  in 
the  upper  and  right  angle  of  intersection  of  the  subcostal  and  right  lateral  lines. 

Transverse  Colon. — The  transverse  colon  crosses  the  abdomen  on  the  confines 
of  the  umbilical  and  epigastric  regions,  its  lower  border  being  on  a  level  slightly 
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above  the  umbilicus,  its  upper  border  just  below  the  greater  curvature  of  the 
stomach. 

Descending  Colon. — The  left  colic  flexure  is  situated  in  the  upper  left  angle  of 
the  intersection  between  the  left  lateral  and  transpyloric  lines.  The  descending 
colon  courses  down  through  the  left  lumbar  region,  lateral  to  the  left  lateral  line, 
as  far  as  the  iliac  crest  (see  footnote  p.  1191). 

Iliac  Colon. — The  line  of  the  iliac  colon  is  from  the  end  of  the  descending  colon 
to  the  left  lateral  line  at  the  level  of  the  anterior  superior  iliac  spine. 

Liver  (Fig.  1249). — The  upper  limit  of  the  right  lobe  of  the  liver,  in  the  middle 
line,  is  at  the  level  of  the  junction  between  the  body  of  the  sternum  and  the  xiphoid 
process;  on  the  right  side  the  line  must  be  carried  upward  as  far  as  the  fifth  costal 
cartilage  in  the  mammary  line,  and  then  downward  to  reach  the  seventh  rib  at 
the  side  of  the  thorax.  The  upper  limit  of  the  left  lobe  can  be  defined  by  continuing 
this  line  downward  and  to  the  left  to  the  sixth  costal  cartilage,  5  cm.  from  the 
middle  line.  The  lower  limit  can  be  indicated  by  a  line  drawn  1  cm.  below  the 
lower  margin  of  the  thorax  on  the  right  side  as  far  as  the  ninth  costal  cartilage, 
thence  obliquely  upward  to  the  eighth  left  costal  cartilage,  crossing  the  middle 
line  just  above  the  transpyloric  plane  and  finally,  with  a  slight  left  convexity,  to 
the  end  of  the  line  indicating  the  upper  limit. 

According  to  Birmingham  the  limits  of  the  normal  liver  may  be  marked  out 
on  the  surface  of  the  body  in  the  following  manner.  Take  three  points:  (a)  1.25 
cm.  below  the  right  nipple;  ( b )  1.25  cm.  below  the  tip  of  the  tenth  rib;  (c)  2.5  cm. 
below  the  left  nipple.  Join  (a)  and  (c)  by  a  line  slightly  convex  upward;  (a)  and 
( b )  by  a  line  slightly  convex  lateralward;  and  (6)  and  (c)  by  a  line  slightly  convex 
downward. 

The  fundus  of  the  gall-bladder  approaches  the  surface  behind  the  anterior 
end  of  the  ninth  right  costal  cartilage  close  to  the  lateral  margin  of  the  Rectus 
abdominis. 

Pancreas  (Fig.  1251). — The  pancreas  lies  in  front  of  the  second  lumbar  vertebra. 
Its  head  occupies  the  curve  of  the  duodenum  and  is  therefore  indicated  by  the  same 
lines  as  that  viscus;  its  neck  corresponds  to  the  pylorus.  Its  body  extends  along 
the  transpyloric  line,  the  bulk  of  it  lying  above  this  line  to  the  tail  which  is  in  the 
left  hypochondriac  region  slightly  to  the  left  of  the  lateral  line  and  above  the 
transpyloric. 

Spleen  (Figs.  1243,  1252). — To  map  out  the  spleen  the  tenth  rib  is  taken  as 
representing  its  long  axis;  vertically  it  is  situated  between  the  upper  border  of  the 
ninth  and  the  lower  border  of  the  eleventh  ribs.  The  highest  point  is  4  cm.  from 
the  middle  line  of  the  back  at  the  level  of  the  tip  of  the  ninth  thoracic  spinous 
process;  the  lowest  point  is  in  the  midaxillary  line  at  the  level  of  the  first  lumbar 
spinous  process. 

Kidneys  (Figs.  1251,  1252). — The  right  kidney  usually  lies  about  1  cm.  lower 
than  the  left,  but  for  practical  purposes  similar  surface  markings  are  taken  for 
each. 

On  the  front  of  the  abdomen  the  upper  pole  lies  midway  between  the  plane  of 
the  lower  end  of  the  body  of  the  sternum  and  the  transpyloric  plane,  5  cm.  from 
the  middle  line.  The  lower  pole  is  situated  midway  between  the  transpyloric 
and  intertubercular  planes,  7  cm.  from  the  middle  line.  The  hilum  is  on  the 
transpyloric  plane,  5  cm.  from  the  middle  line.  Round  these  three  points  a 
kidney-shaped  figure  4  cm.  to  5  cm.  broad  is  drawn,  two-thirds  of  which  lies  medial 
to  the  lateral  line.  To  indicate  the  position  of  the  kidney  from  the  back,  the 
parallellogram  of  Morris  is  used;  two  vertical  lines  are  drawn,  the  first  2.5  cm., 
the  second  9.5  cm.  from  the  middle  line;  the  parallelogram  is  completed  by  two 
horizontal  lines  drawn  respectively  at  the  levels  of  the  tips  of  the  spinous  process 
of  the  eleventh  thoracic  and  the  lower  border  of  the  spinous  process  of  the  third 


SURFACE  Ay  ATOMY  ANTJ  SURFACE  MARKINGS 


lumbar  vertebra.  The  hilum  is  o  un.  frdtu  the  middle  line  t»t  the  level  of  fbe 
spinous  process i>f  the  firs'  lumbar  xerichru. 

tfretsrs,  “-Oh  the  front  of  the  abdomen.  the  line  of  the  ureter  runs  frtwn  the 
hiltue  of  the  kidney  to  the  pubic  uili.Mrle;  on.  the  baefc,  froin  the  hihiui  verriertlly 

downward,  passing  practically 
tt,4  -  .  through  the  {lej-ttefior  supexior  iliac 

,  j:  spine  (fig.  1252); 

1  ,  I  Vessels  (Fig.  1 2ou  S  . — The  inferior 

\  jjC  /  epigastric  artety  can  he. .'marked  out 

\  f  b-v  a  line  front  a  pint  midway  be- 

\  %v  .3##^  v  V  W  /  •'  twtH?n  the  mtemr  superior  mao 

\  X;  r  /  tspiiie  and  the-'  piibicb.^iiiph>^is  to 

■>  ’*•  I  the  unibilictt^,  Thk liti^i^Lso  iudi* 


j  -  :  1  trach's  triangle -- *ur  ;*re»  of  innpor- 

■ '  I-  a  tauee  in  connecting  with  ingniwil 

Wf  i  '*  \  hernia ;  the  other  boundaries  are  the 

,.  T  '  i  lateral  edge  of  Kwtus  abdominis, 

\  arid  the  medial  half  of  the  inguinal 
V  liniment.  The  line  of  the  abdominal 
«  aorU  begins  in  the  middle  line  about 
Fig.  ~  b(**k  of  {fiinUtr  rurimu  fttiowiiitf  arifi.vt* -xnarktuAT  4  CITL  ahoYC  the  traTtSpvJone  line 

for  kidttny*,  ute'tefa,  «mi»J  upliwn.  i'h^  lovwr  portion*  of  *  .  .  ,  >  .  .  .  rt  J  ♦  % 

utid  <pl0tir&  art  ahovna  no  Ih*  right.  skJ?  ft  PCI  to  U  ])0U]t  **  Cttt*  heiO^V 

wild  to  the  loft,  of  the  umhiiieu:--- 

or  more  accurately  to  a  point  2  cm,  to  the  left  of  the  middle  line  on  a.  line  which 
passes  through  the  highest  points  of  the  iliac  crests  (A  A',  Fig.  T253b  The 
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point  of  termination  vf  tbe'abdpmiiml  aorta  eorre^xtfai*  to  the  level  of  the  fourth 
juurbttr  vertebra ,  a  line  drawn  fr^n  it  U>  ft  point  iaidway  between  the  anterior 
superior  Utat*  >]>ine  and  the  indicates  the  eonmion  and  external 
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iliac  arteries.  The  common  iliac  is  represented  by  the  upper  third  of  this  line,  the 
external  iliac  by  the  remaining  two-thirds. 

Of  the  larger  branches  of  the  abdominal  aorta,  the  celiac  artery  is  4  cm.,  the 
superior  mesenteric  2  cm.  above  the  transpyloric  line;  the  renal  arteries  are  2  cm. 
below  the  same  line.  The  inferior  mesenteric  artery  is  4  cm.  above  the  bifurcation 
of  the  abdominal  aorta. 

Nerves. — The  thoracic  nerves  on  the  anterior  abdominal  wall  are  represented  by 
lines  continuing  those  of  the  bony  ribs.  The  termination  of  the  seventh  nerve  is 
at  the  level  of  the  xiphoid  process,  the  tenth  reaches  the  vicinity  of  the  umbilicus, 
the  twelfth  ends  about  midway  between  the  umbilicus  and  the  upper  border  of 
the  symphysis  pubis.  The  first  lumbar  is  parallel  to  the  thoracic  nerves;  its  ilio¬ 
hypogastric  branch  becomes  cutaneous  above  the  subcutaneous  inguinal  ring;  its 
ilioinguinal  branch  at  the  ring. 

SURFACE  ANATOMY  OF  THE  PERINEUM. 

Skin. — In  the  middle  line  of  the  posterior  part  of  the  perineum  and  about  4  cm. 
in  front  of  the  tip  of  the  coccyx  is  the  anal  orifice.  The  junction  of  the  mucous 
membrane  of  the  anal  canal  with  the  skin  of  the  perineum  is  marked  by  a  white 
line  which  indicates  also  the  line  of  contact  of  the  external  and  internal  Sphincters. 
In  the  anterior  part  of  the  perineum  the  external  genital  organs  are  situated. 
The  skin  covering  the  scrotum  is  rough  and  corrugated,  but  over  the  penis  it  is 
smooth;  extending  forward  from  the  anus  on  to  the  scrotum  and  penis  is  a  median 
ridge  which  indicates  the  scrotal  raph£.  In  the  female  are  seen  the  skin  reduplica¬ 
tions  forming  the  labia  majora  and  minora  laterally,  the  frenulum  of  the  labia 
behind,  and  the  prepuce  of  the  clitoris  in  front;  still  more  anteriorly  is  the  mons 
pubis. 

Bones. — In  the  antero-lateral  boundaries  of  the  perineum,  the  whole  outline 
of  the  pubic  arch  can  be  readily  traced  ending  in  the  ischial  tuberosities.  Behind 
in  the  middle  line  is  the  tip  of  the  coccyx. 

Muscles  and  Ligaments. — The  margin  of  the  Gluteus  maximus  forms  the  postero¬ 
lateral  boundary,  and  in  thin  subjects,  by  pressing  deeply,  the  sacrotuberous 
ligament  can  be  felt  through  the  muscle.  The  only  other  muscles  influencing 
surface  form  are  the  Ischiocavemosus  covering  the  crus  penis,  which  lies  on  the  side 
of  the  pubic  arch,  and  the  Sphincter  ani  extemus,  which,  in  action,  closes  the  anal 
orifice  and  causes  a  puckering  of  the  skin  around  it. 

SURFACE  MARKINGS  OF  THE  PERINEUM. 

A  line  drawn  transversely  across  in  front  of  the  ischial  tuberosities  divides  the 
perineum  into  a  posterior  or  rectal,  and  an  anterior  or  urogenital,  triangle.  This 
line  passes  through  the  central  point  of  the  perineum,  which  is  situated  about 
2.5  cm.  in  front  of  the  center  of  the  anal  aperture  or,  in  the  male,  midway  between 
the  anus  and  the  reflection  of  the  skin  on  to  the  scrotum. 

Rectum  and  Anal  Canal. — A  finger  inserted  through  the  anal  orifice  is  grasped 
by  the  Sphincter  ani  externus,  passes  into  the  region  of  the  Sphincter  ani  internus, 
and  higher  up  encounters  the  resistance  of  the  Puborectalis;  beyond  this  it  may 
reach  the  lowest  of  the  transverse  rectal  folds.  In  front,  the  urethral  bulb  and 
membranous  part  of  the  urethra  are  first  identified,  and  then  about  4  cm.  above 
the  anal  orifice  the  prostate  is  felt;  beyond  this  the  vesiculee  seminales,  if  enlarged, 
and  the  fundus  of  the  bladder,  when  distended,  can  be  recognized.  On  either  side 
is  the  ischiorectal  fossa.  Behind  are  the  anococcygeal  body,  the  pelvic  surfaces 
of  the  coccyx  and  lower  end  of  the  sacrum,  and  the  sacrospinous  ligaments  (Fig. 
1254). 
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In  the  female  the  posterior  wall  and  fornix  of  the  vagina,  and  the  cervix  and 
body  of  the  uterus  can  be  felt  in  front,  while  somewhat  laterally  the  ovaries  can 
just  be  readied. 
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Ductus  (feffircm 
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j External  ntcifo  nl 

orifice 


Ft*j  1254. — Mtxiian  sagittal  section  of  male  pelvis 


Mala  Urogenital  Organs,— The  corpora  cavernosa  penis  can  be  followed  backed 
to  the  crura  which  are  attached  to  the  sides  of  the  pubic  arch.  The  gians  penis 
covered  by  the  prepuce,  and  the  external  urethral  orifice  can  he  examined,  and  the 
course  of  the  urethra  traced  along  the  under  surface  of  the  penis  to  the  bulb  wh kh 
is  situated  immediately  in  front  of  the  central  point  of  the  perineum.  Through 
the  wall  of  the  scrotum  on  either  side  the  testis  can  be  palpated;  it  lies  toward 
the  back  of  the  scrotum,  and  along  its  posterior  border  the  epididymis  can  be  fell, 
passing  upward  along  the  medial  side  of  the  epididymis  is  the  spermatic  coni, 
which  can  be  traced  upward  to  the  subcutaneous  inguinal  ring. 

By  means  of  a  sound  the  general  topography  of  the  urethra  and  bladder  can 
be  investigated;  w  ith  the  urethroscope  the  interior  of  the  urethra  can  be  illuminated 
and  viewed  directly;  with  the  cystoseope  the  interior  of  the  bladder  is  in  a  similar 
manner  illuminated  for  visual  examination.  In  the  bladder  the  main  points  t* 
w  hich  attention  is  directed  are  the  trigone,  the  toms  uretericus,  the  plicae  oretenc*. 
and  the  openings  of  the  ureters  and  urethra  (see  Fig.  1161). 

Female  Urogenital  Organs. — In  the  pudendal  cleft  (Fig.  1255)  between  the  labia 
minora  are  the  openings  of  the  vagina  and  urethra.  In  the  virgin  the  vaginal  opee- 
mg  is  partly  closed  by  the  hymen— after  coitus  the  remains  of  the  hymen  are  rep¬ 
resented  by  the  caruncuhe  hymenales.  Between  the  hymen  and  the  frenulum  d 
the  labia  is  the  fossa  navicularis,  while  in  the  groove  between  the  hymen  and  tilt? 
labium  minus,  on  either  side,  the  small  opening  of  the  greater  vestibular  (Bariko!w*> 
gland  can  be  seen.  These  glands  when  enlarged  can  be  felt  on  either  side  of  the 
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posterior  part  of  the  vaginal  orifice.  By  inserting  a  finger  into  the  vagina  the  fol¬ 
lowing  structures  can  be  examined  through  its  wall  (Fig.  1256).  Behind,  from 
below  upward,  are  the  anal  canal,  the  rectum,  and  the  rectouterine  excavation. 
Projecting  into  the  roof  of  the  vagina  is  the  vaginal  portion  of  the  cervix  uteri 
with  the  extern&l  uterine  orifice;  in  front  of  and  behind  the  cervix  the  anterior 
and  posterior  vaginal  fomices  respectively  can  be  examined.  With  the  finger  in  the 
vagina  and  the  other  hand  on  the  abdominal  wall  the  whole  of  the  cervix  and 
body  of  the  uterus,  the  uterine  tubes,  and  the  ovaries  can  be  palpated.  If  a  speculum 
be  introduced  into  the  vagina,  the  walls  of  the  passage,  the  vaginal  portion  of  the 
cervix,  and  the  external  uterine  orifice  can  all  be  exposed  for  visual  examination. 

The  external  urethral  orifice  lies  in  front  of  the  vaginal  opening;  the  angular 
gap  in  which  it  is  situated  between  the  two  converging  labia  minora  is  termed  the 
vestibule.  The  urethral  canal  in  the  female  is  very  dilatable  and  can  be  explored 
with  the  finger.  About  2.5  cm.  in  front  of  the  external  orifice  of  the  urethra  are 
the  glans  and  prepuce  of  the  clitoris,  and  still  farther  forward  is  the  moss  pubis. 

SURFACE  ANATOMY  OF  THE  UPPER  EXTREMITY. 

Skin. — The  skin  covering  the  shoulder  and  arm  is  smooth  and  very  movable 
on  the  underlying  structures.  In  the  axilla  there  are  numerous  hairs  and  many 
sudoriferous  and  sebaceous  glands.  Over  the  medial  side  and  front  of  the  forearm 
the  skin  is  thin  and  smooth,  and  contains  few  hairs  but  many  sudoriferous  glands; 
over  the  lateral  side  and  back  of  the  arm  and  forearm  it  is  thicker,  denser,  and 
contains  more  hairs  but  fewer  sudoriferous  glands.  In  the  region  of  the  olecranon 
it  is  thick  and  rough,  and  is  very  loosely  connected  to  the  underlying  tissue  so 
that  it  falls  into  transverse  wrinkles  when  the  forearm  is  extended.  At  the  front 
of  the  wrist  there  are  three  transverse  furrows  in  the  skin;  they  correspond  respec¬ 
tively  from  above  downward  to  the  positions  of  the  styloid  process  of  the  ulna, 
the  wrist-joint,  and  the  midcarpal  joint. 

The  skin  of  the  palm  of  the  hand  differs  considerably  from  that  of  the  forearm. 
At  the  wrist  it  suddenly  becomes  hard  and  dense  and  covered  with  a  thick  layer  of 
epidermis;  on  the  thenar  eminence  these  characteristics  are  less  marked  than  else¬ 
where.  In  spite  of  its  hardness  and  density  the  skin  of  the  palm  is  exceedingly 
sensitive  and  very  vascular,  but  it  is  destitute  of  hairs  and  sebaceous  glands.  It 
is  tied  down  by  fibrous  bands  along  the  lines  of  flexion  of  the  digits,  exhibiting 
certain  furrows  of  a  permanent  character.  One  of  these,  starting  in  front  of  the 
wrist  at  the  tuberosity  of  the  navicular  bone,  curves  around  the  thenar  eminence 
and  ends  on  the  radial  border  of  the  hand  a  little  above  the  metacarpophalangeal 
joint  of  the  index  finger.  A  second  line  begins  at  the  end  of  the  first  and  extends 
obliquely  across  the  palm  to  reach  the  ulnar  border  about  the  middle  of  the  fifth 
metacarpal  bone.  A  third  line  begins  at  the  ulnar  border  about  2.5  cm.  distal  to 
the  end  of  the  second  and  extends  across  the  heads  of  the  fifth,  fourth,  and  third 
metacarpal  bones.  The  proximal  segments  of  the  fingers  are  joined  to  one  another 
on  the  volar  aspect  by  folds  of  skin  constituting  the  “web”  of  the  fingers;  these 
folds  extend  across  about  the  level  of  the  centers  of  the  proximal  phalanges  and  their 
free  margins  are  continuous  with  the  transverse  furrows  at  the  roots  of  the  fingers. 
Since  the  wreb  is  confined  to  the  volar  aspect  the  fingers  appear  shorter  when  viewed 
from  in  front  than  from  behind. 

Over  the  fingers  and  thumb  the  skin  again  becomes  thinner,  especially  at  the 
flexures  of  the  joints  (where  it  is  crossed  by  transverse  furrows)  and  over  the  ter¬ 
minal  phalanges;  it  is  disposed  on  numerous  ridges  in  consequence  of  the  arrange¬ 
ment  of  the  papillae  in  it.  These  ridges  form,  in  different  individuals,  distinctive 
and  permanent  patterns  which  can  be  used  for  purposes  of  identification.  The 
superficial  fascia  in  the  palm  of  the  band  is  made  up  of  dense  fibro-fatty  tissue  which 
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binds  the  skin  so  firmly  to  the  palmar  aponeurosis  that  very  little  movement  is 
permitted  between  the  two.  # 

On  the  back  of  the  hand  and  fingers  the  subcutaneous  tissue  is  lax,  so  that  the 
skin  is  freely  movable  on  the  underlying  parts.  Over  the  interph&iangeal  joints 
the  skin  is  very  loose  afld.  thrown  injo  transverse  wrinkles  when  the  fingers 
are  extended. 

Bones.— The  clavicle  can  be  felt  throughout  its  entire  length.  The  enlarged 
sternal  extremity  projects  above  the  upper  margin  of  the  sternum  at  the  side  of 
flic  jugular  notch,  and  from  this  the  body  of  the  hone  can  lie  traced  lateralward 
immediately  under  the  skin.  The  media)  part  is  convex  forward,  but  the  surface 
is  partially  obscured  by  the  attachments  of  Sternocleidomastoideus  and  Pectorali? 
iBajdii; .thy  lateral  third  is  concave  forward  and  ends  at  the  acromion  of  the  scapula 
m  a  alight  enlargement.  The  clavicle  is  almost  horizontal  when  the  arm  is  lying 
by  the  side,  although  in  muscular  subjects  it  may  incline  a  little  upward  at  its 
acromial  end,  which  is  on  a  plane  posterior  to  the  sternal  end. 
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The  only  parts  of  the  scapula  that  arc  truly  subcutaneous  are  the  spine  and 
acromion,  but  the  eorataiid  process,  the  vertebral  border,  the  inferior  angle,  anti  to 
a  lesser  extent  the  axillary  border  can  also  be  readily  defined.  The  acromion  and 
spine  are  easily  recognizable  ..throughout  their  entire  extent,  forming  with  the 
clavicle  the  arch  of  the  shoulder.  The  acromion  forins  the  point  of  the  shoulder; 
if.  joins  the  clavicle  at  an  acute  angle— the  acromial  angle — slightly  avc-dial  to,  ami 
behind  the  tip  of  the  acromion.  The  spine  can  he  felt  as  a  distinct  ridge,  marked 
on  the  surface  as  an  oblique  depression which  becomes  less  distinct  and  ends  in  a 
alight  dimple  a  little  lateral  to  the  spinous  processes  of  the  vertebra;.  Below  this 
point  the  vertebral  border  can  be  traced  downward  and  lateralward  to  the  inferior 
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inferior  angle  the  axillary  border  eau  Usually  be  traced  upward  through  its  rihofe 
muscular  covering,  forming  with  its  enveloping  muscles  the  posterior  fold  e/  the- 
axilla  .  The  coracoid  process  is  situated  about  ;2  CM-  below  the  jurteuon  of  Vm 
intermediate  m-d  lateral  thirds  of  the  davick;  ift?  covered  by  the  anterior  bo?*  * 
of  Deltoideusv  find  thus  lies  a  little  lateral  to  the  infradavieiihtr  fossa  or  depression 
which  tuarhs  theijiteryai  between  the BftctoraJk  major  and  Deltoidetfci. 

The  humerus  is  almost  entirely  smroutpled  by  muscles,  and  the  only  parts 
which  are  sttt&tly subeutHW-otrt  are  portidns  of  the  medial  and  lateral  epi- 

condyles;  in  addition  to  these,  however,  thetuberdes  and  .a  part  of  the  head  of  the 
boire  can  be  felt  under  the  .skin  and  musefe  by  which 'they'  are  coVefed.  Of  these, 
the  greater  tubercle  forms  the  most  prominent  bony '  point  of  the  shoulder,  extwndittg 
beyond  the  acromiori;  it  is  best  recognized  when  the.  arm  is  lying  passive  by  the 
side,  for  if  the  arm  be  raised  it.  rywdes  tinder  the  arch  of  the  shoulder.  The  few? 
tubercle-  directed  fowawf,  is  medial  to  the  greater  And  separated  from  it  hv  the 
interfuberctfer  groove,,  .winch  von  be 'made-  out  by  deep  pressure.  When  tin:  arm 
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is  ubducied  the  lower  part  of.  the  head  of  the  humerus  van  bv  examined  by  prosing 
deeply  in  the  axilla.  On.  either  side  of  the  elbiiW-joint  Anil  just  above  it  »rr  u-- 
media!  and  lateral  epkomfyfe.  Of  these,  the  former  is  the  more  prominent,  hat  the 
medial.  ■  supracondylar ridge  passing  upward  ■■from  it  is  modi  less  marked  than  the 
lateral,  and  as  a  rub  is  not  palpable;  oisnsioiiaHy,  however,  tbe-bfutk-sdjaped  supray 
condylar  process  (page  211)  is  found  or*  this  border.,  !  Th.«  'position  of  the  late**! 
epicondyle  is  best  seen  during  semiHevion  of  the  forearm,  and  is  indicated  by 
a  depressions  from  it  the  strongly  marked  lateral  supracondylar  ridge  rua» 
upward. 

The  most  prominent  part  of  the.  ulna,  the  olecranon,  can  always  be  identified  at 
tin-  back  of  the  elbow-jourt,  When  the  forearm  is  flexed  the  .upper  quadrilateral 
surface  is  palpable,  but  during  extension  it,  recedes  into  the  oleeruuon  fossa.  .During 
extension  the  upper  border  of  the  olecranon  is  slightly  above  the  level  of  the  wdUi 
epicondyle  and  nearer  to  this  than  to  the  lateral:  when  the  forearm  is  full)  th  •* 
the  olecranon  and. the  cpieondyles  form  the  angles  of  an  equilateral  triangle--  BS 
the  back  of  the  olecranon  is  a  smooth  triangular  subcutaneous  surface,  and  nmsfe? 
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down  the  Imek  of  the  forearm  from  the  apex  of  this  triangle  the  ptatmueut  dofsah 
bonier  of  the  ulna  ca«  be  i«  its  whole  length-  it  has  a  sinuou*  Orattne,  itmhis. 
situftted  iji  theMSKl^ie  of  ifebadk  of  the  limb  above;  but  behhv,  wiiete  it  ts  rtuuiUed 
off,  it  can  be  traced  to  the  small  subcutaneous  surface of  the  styloid  process  on  the 
medial  side  of  the  wrist.  The  styloid  process  forms  a  prominent  tubercle  eontinuous 
above  with  the  dorsal  border  and  ending  below. in  a  blunt  apex  at  the  level  of  the 
wrist-joint;  it  is  most  evident  when  the  hand  is  in  a  position  midway  between 
supination  and  pronation.  When  the  forearm,  is  pronsted  another  prominence, 
the  head  of  the  ulna,  appears  behind  and  above  the  styloid  process. 
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Belinr. the  iftt&r&l ' of  the humvvm  a  portion  .uf-  the  lie&d  .of  the  radius 
is  palpable;  ite  position is  indicated  on  the  surface  by  a  little  dimple,  which,  is  best 
seen  when  the  arm  is  extended-  If  the-  linger  be  placed  in  this  dimple  and  the 
semiffexed  forearm  be  alterhatcly  prpiMlted  and  supinated  the  head  of  t  he  radius 
will  be  Mt  distinctly,  r(rt4,ti»g  *ti  the  radial  notch.  The  upper  half  of  the  body  of 
the  bone  is  obscured  by  muscles;  the  lower  half,  though  not  snbeutaneousi  can  be 
readily  examined «  and  if  traced  downward  is  found  to  end  hi  a  fo5:engo-shaped  eon- 
yes  surf  on  the  lateral  stele  of  the  base  of  the  styloid  process;  this  is  the  only 
subeutaoeaBS  ttart  of  the  bone,  and  from  its  lower  end  the  apex  of  the  styloid  process 
bonds  iociliahfiu-d  toward  tin;  w  rist.  About  the  middle  of  the  dorsal  surface  of 
the  lower  end  of  the  radius  is  the  dorsal  radial  tubercle,  best  perceived  when  the 
wrist  is  slightly  flexed;  it  forms  the  lateral  boundary  or  the  blflHjUe  groove  for  the 
tendon  of  Extensor  poHieis  hmgus. 

On  the  front  of  the  Wrist  are  two  subcutaneous  eminences,  one,  ufi  the  radial 
side,  the  larger  and  flatter,  produced  by  the  tuberosity  «4  the  awfoslAr  «.»4  the  ridge 
on  the  greater  rmUtangular;  tin*  other,  on  the  ulnar  sjd<.\  by  the  jaaifaiHb '  The  tuber¬ 
osity  of  the  navicular  is  distal  arid  medial  to  the  styloid  process  of  the  mdius,  and 
is  most  .dearly  yisible '  when .  tlte  wrist-joint  is  extended;  did  ridge  on  the  greater 
multangular  is  about;  J.  cm.  distal  to  it.  The  pfetform  is  about  J  Cut-  fjista!  to  the 
lower  end  of  the  ulna  and  just  distal  to  the  level  of  the  styloid  process  of  the  radius. 
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it  is,  fT«Wv.l  by  t  he crease  which  separates  the  front  of  the  forearm  from 
the  palm  of  the ort’h'e  •yoijjir  surface  of  the  bony  carpus  is  covered 
:  tiife  :  transverse  ;  carpal '  Sign  men  t  ,  ami  is  eidirely  concealed,  with 
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I)istal  to  the  t^gpfW*;%Ki9t  feofatj^bf  the  metacarpal  bones,  covered  by  the 
Extensor  tendons,  except  trie  fifth,  are  visible  only  in  very  thin  hands;  the  dorsal 
surface  of  the  fifth  is,  however,  subcutaneous  throughput  almost  its  whole  length 
Slightly  lateral  to  the  middle  line  of  the  hand  is  a  prominence,  frequently  w.l!- 
marked,  hut  oecasionaHy  indistinct,  formed  by  the  styloid  process  of  the  third 
metacarpal  bone;  it  is  situated  about  4  em.  distal  to  the  dorsal  radial  tuberrk 
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The  heads  of  the  metacarpal  bones  can  be  plainly  seen  and  felt,  rounded  in  contour 
and  standing  out  in  bold  relief  under  the  skin  when  the  fist  is  clenched;  the  head 
of  the  third  is  the  most  prominent.  In  the  palm  of  the  hand  the  metacarpal  bones 
are  covered  by  muscles,  tendons,  and  aponeuroses,  so  that  only  their  heads  can  be 
distinguished.  The  base  of  the  metacarpal  bone  of  the  thumb,  however,  is  promi¬ 
nent  dorsally,  distal  to  the  styloid  process  of  the  radius;  the  body  of  the  bone  is 
easily  palpable,  ending  at  the  head  in  a  flattened  prominence,  in  front  of  which 
are  the  sesamoid  bones. 

The  enlarged  ends  of  the  phalanges  can  be  easily  felt.  When  the  digits  are 
bent  the  proximal  phalanges  form  prominences,  which  in  the  joints  between  the 
first  and  second  phalanges  are  slightly  hollow,  but  flattened  and  square-shaped  in 
those  between  the  second  and  third. 

Articulations. — The  sternoclavicular  joint  is  subcutaneous,  and  its  position  is 
indicated  by  the  enlarged  sternal  extremity  of  the  clavicle,  lateral  to  the  long 
cord-like  sternal  head  of  Sternocleidomastoideus.  If  this  muscle  be  relaxed  a 
depression  between  the  end  of  the  clavicle  and  the  sternum  can  be  felt,  defining 
the  exact  position  of  the  joint. 

The  position  of  the  acromioclavicular  joint  can  generally  be  ascertained  by 
determining  the  slightly  enlarged  acromial  end  of  the  clavicle  which  projects  above 
the  level  of  the  acromion;  sometimes  this  enlargement  is  so  considerable  as  to 
form  a  rounded  eminence. 

The  shoulder-joint  is  deeply  seated  and  cannot  be  palpated.  If  the  forearm 
be  slightly  flexed  a  curved  crease  or  fold  with  its  convexity  downward  is  seen  in 
front  of  the  elbow,  extending  from  one  epicondyle  to  the  other;  the  elbow-joint 
is  slightly  distal  to  the  center  of  the  fold.  The  position  of  the  radiohumeral  joint 
can  be  ascertained  by  feeling  for  a  slight  groove  or  depression  between  the  head 
of  the  radius  and  the  capitulum  of  the  humerus,  at  the  back  of  the  elbow-joint. 

The  position  of  the  proximal  radioulnar  joint  is  marked  on  the  surface  at  the 
back  of  the  elbow  by  the  dimple  which  indicates  the  position  of  the  head  of  the 
radius.  The  site  of  the  distal  radioulnar  joint  can  be  defined  by  feeling  for  the 
slight  groove  at  the  back  of  the  wrist  between  the  prominent  head  of  the  ulna 
and  the  lower  end  of  the  radius,  when  the  forearm  is  in  a  state  of  almost  complete 
pronation. 

Of  the  three  transverse  skin  furrows  on  the  front  of  the  wrist,  the  middle  corre¬ 
sponds  fairly  accurately  with  the  wrist-joint,  while  the  most  distal  indicates  the 
position  of  the  midcarpal  articulation. 

The  metacarpophalangeal  and  interphalangeal  joints  are  readily  available  for 
surface  examination;  the  former  are  situated  just  distal  to  the  prominences  of  the 
knuckles,  the  latter  are  sufficiently  indicated  by  the  furrows  on  the  volar,  and  the 
wrinkles  on  the  dorsal  surfaces. 

Muscles  (Figs.  1219, 1262, 1 263). — The  anterior  border  of  the  Trapezius  presents  as 
a  slight  ridge  running  downward  and  forward  from  the  superior  nuchal  line  of  the 
occipital  bone  to  the  junction  of  the  intermediate  and  lateral  thirds  of  the  clavicle. 
The  inferior  border  of  the  muscle  forms  an  undulating  ridge  passing  downward 
and  medialward  from  the  root  of  the  spine  of  the  scapula  to  the  spinous  process 
of  the  twelfth  thoracic  vertebra. 

The  lateral  border  of  the  Latissimus  dorsi  (Fig.  1241)  may  be  traced,  when  the 
muscle  is  in  action,  as  a  rounded  edge  starting  from  the  iliac  crest  and  slanting 
obliquely  forward  and  upward  to  the  axilla,  where  it  takes  part  with  the  Teres 
major  in  forming  the  posterior  axillary  fold. 

The  Pectoralis  major  (Fig.  1245)  conceals  a  considerable  part  of  the  thoracic  wall 
in  front.  Its  sternal  origin  presents  a  border  which  bounds,  and  determines  the 
width  of  the  sternal  furrow.  The  upper  margin  is  generally  well-marked  medially 
and  forms  the  medial  boundary  of  a  triangular  depression,  the  infraclavicular  fossa, 
which  separates  the  Pectoralis  major  from  the  Deltoideus;  it  gradually  becomes 
85 
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When  the  arm  is  raised  the  lowest  ■slip  of  origin  of-.  Pectoralis  minor  produces  a 
fulness  just  below  the  anterior  axillary  fold  ‘.nod  .serves  to  break  the  sharp  outline 
of  the  lower  bonier  of  Pectoralis  major. 

'Hie  origin  of  the  Senates  anterior  (Fig?.  1241,  1245)  causes  a  very  characteristic 
surface  marking.  .When  the  itmi  is  abducted  tfie  tower  five  or  six  serrations  forth 
a  zigzag  line  with  a  general  convexity  forward;  when  the  arm  is  by  the  side  the 
highest  visible  serration  is  that  attached  to  the  fifth  rib. 
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The  DeH^ideus  with  the  pronbiieuee  of  the  Upper  end  of  the  humerus  produce? 
the  rounded  contour  of  the  shoulder:  it  iT  rotmdect  and  fuller  in  front  than  behind, 
where  ft  presents  »  somewhat  form,  thrive,  its  anterior  border  presents 

a  slightly  curved  eminen.r  whith  form?  the,  lateral  lamndary  of  the  infraduvioular 
fossa;  hyibiy,  W.;ifh  the  Pefdoridis  tnaj(^.;  Its  posterior  bonier 

bthiio  flattened,  rnd  scarcely  marked  above.  but  k  thicker  and  more  prominent 
below.:  The  tiiserticifi  of  Keitoldeas  tK  marked  Uy-.g  depression  on  the  lateral  side 
of  the  middle'  of  the  arm. 

Of  the  scapular  nutsclys  the  Only  ope  w  hich  influences  surface  form  is  the  tares 
major;  it  assists  the  Lfttissimtis  dorsi  in  forming  the  thick,  rounded,  posterior 
axillary  fold.  '  .  - 

When  the  arm!  H  raised  the  Coracobrachf&lis  reveals  itself  as  a  narrow  elevation 
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less  marked  a?  it  approaches  the  tendon  of  insertion  and  is  flosel)-  blended  with 
the  DeltoidfMis.  The  lower  border  of  Pectoralis  major  forms  the  rounded  anterior 
axillary  fold.  Occ  asionally  a  gup  is  visible  between  the  clavicular  and  sternal  parts 
of  tlie  rnusclf . 
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emerging  from  under  cover  of  the  anterior  axillary  fold  and  running  medial  to  the 
body  of  the  humerus. 

On  the  front  and  medial  aspects  of  the  arm  is  the  prominence  of  the  Biceps 
brachii,  bounded  on  either  side  by  an  intermuscular  depression.  It  determines  the 
contour  of  the  front  of  the  arm  and  extends  from  the  anterior  axillary  fold  to  the 
bend  of  the  elbow;  its  upper  tendons  are  concealed  by  the  Pectoralis  major  and 
Deltoideus,  and  its  lower  tendon  sinks  into  the  anticubital  fossa.  When  the  muscle 
is  fully  contracted  it  presents  a  globular  form,  and  the  lacertus  fibrosus  attached 
to  its  tendon  of  insertion  becomes  prominent  as  a  sharp  ridge  running  downward 
and  medial  ward. 

On  either  side  of  the  Biceps  brachii  at  the  lower  part  of  the  arm  the  Brachialis 
is  discernible.  Laterally  it  forms  a  narrow  eminence  extending  some  distance  up 
the  arm;  medially  it  exhibits  only  a  little  fulness  above  the  elbow. 

On  the  back  of  the  arm  the  long  head  of  the  Triceps  brachii  may  be  seen  as  a 
longitudinal  eminence,  emerging  from  under  cover  of  Deltoideus  and  gradually 
passing  into  the  flattened  plane  of  the  tendon  of  the  muscle  at  the  lower  part  of 
the  back  of  the  arm.  When  the  muscle  is  in  action  the  medial  and  lateral  heads 
become  prominent. 

On  the  front  of  the  elbow  are  two  muscular  elevations,  one  on  either  side,  sep¬ 
arate  above  but  converging  below  so  as  to  form  the  medial  and  lateral  boundaries 
of  the  anticubital  fossa.  The  medial  elevation  consists  of  the  Pronator  teres  and 
the  Flexors,  and  forms  a  fusiform  mass,  pointed  above  at  the  medial  epicondyle 
and  gradually  tapering  off  below.  The  Pronator  teres  is  the  most  lateral  of  the 
group,  while  the  Flexor  carpi  radialis,  lying  to  its  medial  side,  is  the  most  prominent 
and  may  be  traced  downward  to  its  tendon,  which  is  situated  nearer  to  the  radial 
than  to  the  ulnar  border  of  the  front  of  the  wrist  and  medial  to  the  radial  artery. 
The  Palmaris  longus  presents  no  surface  marking  above,  but  below,  its  tendon 
stands  out  when  the  muscle  is  in  action  as  a  sharp,  tense  cord  in  front  of  the  middle 
of  the  wrist.  The  Flexor  digitorum  sublimis  does  not  directly  influence  surface 
form;  the  position  of  its  four  tendons  on  the  front  of  the  lower  part  of  the  forearm 
is  indicated  by  an  elongated  depression  between  the  tendons  of  Palmaris  longus 
and  Flexor  carpi  ulnaris.  The  Flexor  carpi  ulnaris  determines  the  contour  of  the 
medial  border  of  the  forearm,  and  is  separated  from  the  Extensor  group  of  muscles 
by  the  ulnar  furrow  produced  by  the  subcutaneous  dorsal  border  of  the  ulna;  its 
tendon  is  evident  along  the  ulnar  border  of  the  lower  part  of  the  forearm,  and  is 
most  marked  when  the  hand  is  flexed  and  adducted. 

The  elevation  forming  the  lateral  side  of  the  anticubital  fossa  consists  of  the 
Brachioradialis,  the  Extensors  and  the  Supinator;  it  occupies  the  lateral  and  a 
considerable  part  of  the  dorsal  surface  of  the  forearm  in  the  region  of  the  elbow, 
and  forms  a  fusiform  mass  which  is  altogether  on  a  higher  level  than  that  produced 
by  the  medial  elevation.  Its  apex  is  between  the  Triceps  brachii  and  Brachialis 
some  distance  above  the  elbow- joint;  it  acquires  its  greatest  breadth  opposite  the 
lateral  epicondyle,  and  below  this  shades  off  into  a  flattened  surface.  About  the 
middle  of  the  forearm  it  divides  into  two  diverging  longitudinal  eminences.  The 
lateral  eminence  consists  of  the  Brachioradialis  and  the  Extansores  carpi  jradiales 
longus  and  brevis,  and  descends  from  the  lateral  supracondylar  ridge  in  the  direction 
of  the  styloid  process  of  the  radius.  The  medial  eminence  comprises  the  Extensor 
digitorum  communis,  Extensor  digiti  quinti  proprius,  and  the  Extensor  carpi  ulnaris; 
it  begins  at  the  lateral  epicondyle  of  the  humerus  as  a  tapering  mass  which  is  sep¬ 
arated  above  from  the  Anconaeus  by  a  well-marked  furrow,  and  below  from  the 
Pronator  teres  and  Flexor  group  by  the  ulnar  furrow.  The  medial  border  of  the 
Brachioradialis  starts  as  a  rounded  elevation  above  the  lateral  epicondyle;  lower 
down  the  muscle  forms  a  prominent  mass  on  the  radial  side  of  the  upper  part  of 
the  forearm;  below  it  tapers  to  its  tendon,  which  may  be  traced  to  the  styloid 
process  of  the  radius.  The  Anconous  presents  as  a  triangular  slightly  elevated 
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area,  immediately  lateral  to  the  subcutaneous  surface  of  the  olecranon  and  differ¬ 
entiated  from  the  Extensor  group  by  an  oblique  depression;  the  upper  angle  of 
the  triangle  is  at  the  dimple  over  the  lateral  epicondyle. 

At  the  lower  part  of  the  back  of  the  forearm  in  the  interval  between  the  two 
diverging  eminences  is  an  oblique  elongated  swelling;  full  above  but  flattened 
and  partially  subdivided  below;  it  is  caused  by  the  Abductor  pollicis  longus 
and  the  Extensor  pollicis  brevis.  It  crosses  the  dorsal  and  lateral  surfaces  of 
the  radius  to  the  radial  side  of  the  wrist-joint,  whence  it  is  continued  on  to 
the  dorsal  surface  of  the  thumb  as  a  ridge  best  marked  when  the  thumb  is 
extended. 

The  tendons  of  most  of  the  Extensor  muscles  can  be  seen  and  felt  on  the  back 
of  the  wrist.  Laterally  is  the  oblique  ridge  produced  by  the  Extensor  pollicis 
longus.  The  Extensor  carpi  radialis  longus  is  scarcely  palpable,  but  the  Extensor 
carpi  radialis  brevis  can  be  identified  as  a  vertical  ridge  emerging  from  under  the 
ulnar  border  of  the  tendon  of  the  Extensor  pollicis  longus  when  the  wrist  is  extended. 
Medial  to  this  the  Extensor  tendons  of  the  fingers  can  be  felt,  the  Extensor  digiti 
quinti  proprius  .being  separated  from  the  tendons  of  the  Extensor  digitorum 
communis  by  a  slight  furrow. 

The  muscles  of  the  hand  are  principally  concerned,  as  regards  surface  form,  in 
producing  the  thenar  and  hypothenar  eminences,  and  cannot  be  individually  dis¬ 
tinguished;  the  thenar  eminence,  on  the  radial  side,  is  larger  and  rounder  than  the 
hypothenar,  which  is  a  long  narrow  elevation  along  the  ulnar  side  of  the  palm. 
When  the  Palmaris  brevis  is  in  action  it  produces  a  wrinkling  of  the  skin  over  the 
hypothenar  eminence  and  a  dimple  on  the  ulnar  border.  On  the  back  of  the  hand 
the  Interossei  dorsales  give  rise  to  elongated  swellings  between  the  metacarpal 
bones;  the  first  forms  a  prominent  fusiform  bulging  when  the  thumb  is  adducted, 
the  others  are  not  so  marked. 

Arteries. — Above  the  middle  of  the  clavicle  the  pulsation  of  the  subclavian  artery 
can  be  detected  by  pressing  downward,  backward,  and  medialward  against  the 
first  rib.  The  pulsation  of  the  axillary  artery  as  it  crosses  the  second  rib  can  be 
felt  below  the  middle  of  the  clavicle  just  medial  to  the  coracoid  process;  along  the 
lateral  Wall  of  the  axilla  the  course  of  the  artery  can  be  easily  followed  close  to  the 
medial  border  of  Coracobrachialis.  The  brachial  artery  can  be  recognized  in  practi¬ 
cally  the  whole  of  its  extent,  along  the  medial  margin  of  the  Biceps;  in  the  upper 
two-thirds  of  the  arm  it  lies  medial  to  the  humerus,  but  in  the  lower  third  is  more 
directly  on  the  front  of  the  bone.  Over  the  lower  end  of  the  radius,  between  the 
styloid  process  and  Flexor  carpi  radialis,  a  portion  of  the  radial  artery  is  superficial 
and  is  used  clinically  for  observations  on  the  pulse. 

Veins. — The  superficial  veins  of  the  upper  extremity  are  easily  rendered  viable 
by  compressing  the  proximal  trunks;  their  arrangement  is  described  on  pages  664 
to  666. 

Nerves. — The  uppermost  trunks  of  the  brachial  plexus  are  palpable  for  a  short 
distance  above  the  clavicle  as  they  emerge  from  under  the  lateral  border  of  Sterno- 
cleidomastoideus;  the  larger  nerves  derived  from  the  plexus  can  be  rolled  under  the 
finger  against  the  lateral  axillary  wall  but  cannot  be  identified.  The  ulnar  nave 
can  be  detected  in  the  groove  behind  the  medial  epicondyle  of  the  humerus. 

SURFACE  MARKINGS  OF  THE  UPPER  EXTREMITY. 

Bony  Landmarks. — The  bony  landmarks  as  described  above  are  so  readily  avail¬ 
able  for  surface  recognition  that  no  special  measurements  are  required  to  indicate 
them.  It  may  be  noted,  however,  that  the  medial  angle  of  the  scapula  is  applied 
to  the  second  rib,  while  the  inferior  angle  lies  against  the  seventh.  The  intertuber- 
cular  groove  of  the  humerus  is  vertically  below  the  acromioclavicular  joint  when 
the  arm  hangs  by  the  side  with  the  palm  of  the  hand  forward. 
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Articulations. — The  acromioclavicular  joint  is  situated  in  a  plane  passing  sagit- 
tallv  through  the  middle  line  of  the  front  of  the  arm.  The  line  of  the  elbow-joint 
is  not  straight;  the  radiohumeral  portion  is  practically  at  right  angles  to  the  long 
axis  of  the  humerus  and  is  situated  about  2  cm.  distal  to  the  lateral  epicondyle; 
the  ulnohumeral  portion  is  oblique,  and  its  medial  end  is  about  2.5  cm,  distal  to  the 
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Fia.  1264, —The  mucous  sheatha  of  the  tendons  on  the  front  of  the  wrist  and  dijsita. 


medial  epicondyle.  The  position  of  the  wrist-joint  eari  be  indicated  by  drawing  a 
curved  line,  with  its  convexity  upward,  between  the  styloid  processes  of  the  radius 
and  ulna;  the  summit  of  the  convexity  is  about  1  cm.  above  the  center  of  a  straight 
line  joining  the  two  processes. 

Muscles. — The  only  muscles  of  the  upper  extremity  which  occasionally  require 
definition  by  surface  lines  are  the  Trapezius,  the  Latissimus  dorsi,  and  the  Pectorales 
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major  and  minor.  The  antero-superior  border  of  Trapezius  is  indicated  by  a  line 
from  the  superior  nuchal  line  about  3  cm.  lateral  to  the  external  occipital  protuber¬ 
ance  to  the  junction  of  the  intermediate  and  lateral  thirds  of  the  clavicle;  the  line 
of  the  lower  border  extends  from  the  spinous  process  of  the  twelfth  thoracic  vertebra 
to  the  vertebral  border  of  the  scapula  at  the  root  of  the  spine.  The  upper  border 


Fia.  1265. — The  mucous  sheaths  of  the  tendons  on  the  back  of  the  wrist. 


of  Latissimus  dorsi  is  almost  horizontal,  running  from  the  spinous  process  of  the 
seventh  thoracic  vertebra  to  the  inferior  angle  of  the  scapula  and  thence  somewhat 
obliquely  to  the  intertubercular  sulcus  of  the  humerus;  the  lower  border  corresponds 
roughly  to  a  line  drawn  from  the  iliac  crest  about  2  cm.  from  the  lateral  margin  of 
the  Sacrospinalis  to  the  intertubercular  sulcus.  The  upper  margin  of  Pectorals 
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major  extends  from  the  middle  of  the  clavicle  to  the  surgical  neck  of  the  humerus; 
its  lower  border  is  practically  in  the  line  of  the.  fifth  rib  and  reaches  from  the  fifth 
costochondral  junction  to  the  middle  of  the  anterior  border  of  Deltoideus.  The 
two  lines  indicating  the  borders  of  Pector&lis  minor  begin  at  the  coracoid  process 
of  the  scapula  and  extend  to  the  third  and  fifth  ribs  respectively,  just  lateral  to  the 
corresponding  costal  cartilages.  On  the  front  of  the  elbow-joint  a  triangular  space 
— the  anticubitai  fossa — is  mapped  out  for  convenience  of  reference.  The  base  of 
the  triangle  is  a  line  joining  the  medial  and  lateral  epicondyles,  while  the  sides  are 
formed  respectively  by  the  salient  margins  of  the  Brachioradialis  and  Pronator 
teres. 


Fia.  1266,— Front  of  right  upper  extremity,  showing  surface  markings  for  bones,  arteries,  nml  nerves 

Mucous  Sheaths. — On  the  volar  surfaces  of  the  wrist  and  hand  the  mucous 
sheaths  of  the  Flexor  tendons  (Fig.  1264)  can  be  indicated  as  follows.  The  sheath 
for  Flexor  pollicis  longus  extends  from  about  3  cm.  above  the  upper  edge  of  the 
transverse  carpal  ligament  to  the  terminal  phalanx  of  the  thumb.  The  common 
sheath  for  the  Flexores  digitorum  reaches  about  3.5  to  4  cm,  above  the  upper  edge 
of  the  transverse  carpal  ligament  and  extends  on  the  palm  of  the  hand  to  about 
the  level  of  the  centers  of  the  metacarpal  bones.  The  sheath  for  the  tendons  to  the 
little  finger  is  continued  from  the  common  sheath  to  the  base  of  the  terminal  phalanx 
of  this  finger;  the  sheaths  for  the  tendons  of  the  other  fingers  are  separated  from 
the  common  sheath  by  an  interval;  they  begin  opposite  the  necks  of  the  meta¬ 
carpal  bones  and  extend  to  the  terminal  phalanges.  The  mucous  sheaths  of  the 
Extensor  tendons  are  shown  in  Fig.  1205  (see  also  page  460). 


Fia.  1267.— Back  of  right  upper  extremity,  showing  surface  markings  for  bones  and  nerves. 

Arteries  (Fig.  1266). — The  course  of  the  axillary  artery  can  be  marked  out  by 
abducting  the  arm  to  a  right  angle  and  drawing  a  line  from  the  middle  of  the 
clavicle  to  the  point  where  the  tendon  of  the  Pectoralis  major  crosses  the  promi¬ 
nence  of  the  Ooraeobrachialis.  Of  the  branches  of  the  axillary  artery,  the  origin 
of  the  thoracoacromial  corresponds  to  the  point  where  the  artery  crosses  the 
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upper  border  of  Pectoral  is  minor;  the  lateral  thoracic  takes  practically  the  line  of 
the  lower  border  of  Pectoralis  minor;  the  subscapular  is  sufficiently  indicated  by 
the  axillary  border  of  the  scapula;  the  scapular  circumflex  is  given  off  the  sub- 
scapular  opposite  the  midpoint  of  a  line  joining  the  tip  of  the  acromion  to  the 
lower  edge  of  the  deltoid  tuberosity,  while  the  humeral  circumflex  arteries  arise 
from  the  axillary  about  2  cm.  above  this.  The  position  of  the  brachial  artery  is 
marked  by  a  line  drawn  from  the  junction  of  the  anterior  and  middle  thirds  of  the 
distance  between  the  anterior  and  posterior  axillary  folds  to  a  point  midway 
between  the  epicondyles  of  the  humerus  and  continued  distally  for  2.5  cm.,  at 
which  point  the  artery  bifurcates.  With  regard  to  the  branches  of  the  brachial 
artery— the  profunda  crosses  the  back  of  the  humerus  at  the  level  of  the  insertion 
of  Deltoideus;  the  nutrient  is  given  off  opposite  the  middle  of  the  body  of  the 
humerus;  a  line  from  this  point  to  the  back  of  the  medial  condyle  represents 
the  superior  ulnar  collateral;  the  inferior  ulnar  collateral  is  given  off  about  5  cm. 
above  the  fold  of  the  elbow-joint  and  runs  directly  medialw^ard. 

The  position  of  the  radial  artery  in  the  forearm  is  represented  by  a  line  from  the 
lateral  margin  of  the  Biceps  tendon  in  the  center  of  the  anticubital  fossa  to  the 
medial  side  of  the  front  of  the  styloid  process  of  the  radius  when  the  limb  is 
in  the  position  of  supination.  The  situation  of  the  distal  portion  of  the  artery 

is  indicated  by  continuing  this  line 
around  the  radial  side  of  the  WTist 
to  the  proximal  end  of  the  first  inter- 
metacarpal  space. 

On  account  of  the  curved  direction 
of  the  ulnar  artery,  two  lines  are  re¬ 
quired  to  indicate  its  course;  one  is 
drawn  from  the  front  of  the  medial 
epicondyle  to  the  radial  side  of  the 
pisiform  bone;  the  lower  two-thirds 
of  this  line  represents  tw  o-thirds  of 
the  artery;  the  upper  third  is  repre¬ 
sented  by  a  second  line  from  the  center 
of  the  hollow'  in  front  of  the  elbow- 
joint  to  the  junction  of  the  upper  and 
middle  thirds  of  the  first  line. 

The  superficial  volar  arch  (Fig.  126$). 
can  he  indicated  by  a  line  starting 
from  the  radial  side  of  the  pisiform 
bone  and  curving  distalward  and 
lateralward  as  far  as  the  base  of  the 
thumb,  with  its  convexity  tow  ard  the 
fingers.  The  summit  of  the  arch  is 
usually  on  a  level  with  the  ulnar 
border  of  the  outstretched  thumb. 
The  deep  volar  arch  is  practically 
transverse,  and  is  situated  about  1 
cm.  nearer  to  the  carpus. 

Nerves  (Figs.  126G,  1267).— In  the 
arm  the  line  of  the  median  nerve  is 
practically  the  same  as  that  for  the 
brachial  artery;  at  the  bend  of  the 
elbow  the  nerve  is  medial  to  the 
artery.  The  course  of  the  nerve  in  the  forearm  is  marked  by  a  line  starting 
from  a  point  just  medial  to  the  center  of  one  joining  the  epicondyles,  and  ex¬ 
tending  to  the  lateral  margin  of  the  tendon  of  Palmaris  longus  at  the  wrist. 


Ulnar 

artery 


— Palm  of  left  Kami,  showing  position  of  akin 
bone*),  and  surface  markings  for  the  volar 
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The-  dinar  nerve  follows  the tine  of  the brachial  artery  ut  the  upper  half  of  the 
arm,  hut  at  the  oihltlle  th^  ana  Jt  thver^s  and  descends  ta  the  back  of  the 
medial  epieoridylc.  In  the  forearm  it  h  reppeseated  by  a  line  from  the  front 
of  the  medial  epicondyle  to  the  radial  side  of  the  pisiform  borte, 

The  course  of  the  radial  rams  can  he  indicated  by  a  line  from  just  below  the 
posterior  axillary  fold,  to  the  lateral  side  of  the  bmne.flix  at  the  junetwnof  its 
middle  and  lower  thirds,  therex-  it  passes  vertkaily  downward  «>p  the  front  of 
the  arm  to  the  level  of  the  lateral  epieoudyie.  The  course  of  the  superficial 


radial  aerve  is  represented  by  a  cofitinilatiosi  of  this  line  downward  to  the  jmsetion 
of  the  middle  and  lower  thirds  of  the  radM  artery.-;  it  then  em<ses  t  he  radius  and 
runs  distalward  to  the  ddrsunt  of  the  base. at  the  first  metacarpal  bone. 

The  axillary  nerve  eroijsfes  the  humerus  aliout  2  cm.  above  the  center  of  a  line 
joining  the  tip  of  the  acromion  to  the  lower  edge  of  the  deltoid  tuberosity. 


6 “real  wi>h- 


I  t  Mi  oral  'irfv  'r 


Ft  mo  rat  *pV|> 


ryC*': 


■  ■ 

;Tnin#»<i»rrTSK'  section  throtfutt  tfi*  tiiiieh  a*  the  Wrl  of  npnx  ol  tb«  fititwruJ  irianitio.  Four-fifth*  of 

if.;  ’ 


SURFACE  ANATOMY  OF  THE  LOWER  EXTREMITY. 


Skin,' — The  skin  of  the  thigh,  especially  ui  the  hollow  of  the  •groin  and  on.  the 
medial  side;,  is  thin,  smooth  and  clastic,  and  contains  few  hairs  except  »r>  the  neigh- 


YW vV't? 
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The  akin  over  thg  front  of  the  knee  is  covered  by  thickened  epidermis;,  it  is  -ktcee 
and  thrown  into  .transverse winkles  when  the  leg  is  extended-  The  skin  of  tlw  leg 
is  thin,  espeeffitUf  i  n  the  medial  side,  and  is  covered  with  numerous  large-  bair> 
On  tiifc  ihirsuro  of  the.  loot:  the  skin  is  thin,  b  tose  ly  eon  nee  ted  to  subjacent  parts 
and 'contains  few  hairs,  on  the  plantar  surface,  and  especially  over  the  hot 
ej>rderrjii,s  w  of  great  thickness,  and  here,  as  in  the  palm  of  the  hand,  then  in 
neiither  hiturs  nor  sebaceous  glands. 

Boaes.— The  hip  hoots  are  largely  covered  M'ittt  muscles,  so  that  only  at  a  itv 
points  do  they  approach  the  surface.  In  front  the  anterior  superior  Ijiae  jplue  0- 
easily  recognized,  and  in  that  subjects  stand.?  out  as  a  prominence  at  the  brer-* 
end  of  the  fold  of  the  groin •  hi  fat  subjects  its  position  >3  indicated  by  an  (.hiur.-s 
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bothpod  of  the  pubis.  Laterally  it  is  thicker  and  the  hairs  are  more  numerous. 
The  junction  of  the  skin  «f  the  thigh  with  that  on  the  front  of  the  abdotner,  h 
marked  by  ^t^^gfiTted,fur]roW-isvy.ch;:indfeat^S.the  4fce  of  the  inguinal  jtgttmem, r  '  . 
the  furrOr  presents  «  gfcfterftl  convexity  downward,  but  its  medial  half ,  which  a 
the  better  marked,  js  nearly  straight.  The  skin  over  the  buttock  is  fairly  thick 
and  is  characterized  by  its  low  sensibility'  and  slight  vascularity;  a*  a  rule  it  is 
dc&ttttife  of  -cpnspicuous  hairs  except  tnyrerd  the  post-anal  furrow ,  where  in  some 
males,  they  aye  abundantly  developed.  An  almost  transverse  fold  —the  gluteal 
fold— crosses  the  hover  part  of  the  buttock;  it  practically  bi*m*  the  lower  margin 
of  th«Tdtrt«u3  maximum  and  is  intmt,  evident  during  extension  of  the  hip-joint. 
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depression,  cit  the  bottom  ,«f '  which  the  boay  process  can  be  felt,  Proceetling 
upward  and  backward  from  this  process  the-  sinuously  curved  iliac  crest  can  be 
traced  to  tlie.postemtr  superior  iliac  spine,  the  site  of  which  is  indicated  by  n.  slight 
depression;  oo  the  outer  lip  of  .'the  crest,  about  5  cm.  behind  the  anterior  superior 
spine,  is  the  prominent  iliac  tubercle.  In  thin  subjects  the  pubic  tubercle  is  very 
apparent,  but  iii  the  obese  it  is  obscured  by  the  pubic  fat;  it  can,  however,  be 
detected  by  following  up  the  tendon  of  origin  of  Adductor  hragu*  Another  part 
of  the  bony  pelvis  which  is  accessible  to  touch  is  the  ischial  tuberosity.  situated 
beneath  the  GbitiCus  tnaximu?.  and,  when  the  hip  is  flexed,  easily  felt,  as  it  is  then 


uncovered  by  muscle. 
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The  |eima“  is  t'n veloped  hy  tfmsetes,  m  that  io  fairly  muscular  subjects  the  only 
access, ible  parts  sire  the.  lateral  surface  of  the  greater  trochanter  and  the  lower 
of  the'foono*.- trqeJinn^fa 
by  a  depression^  owing  to  the  thickness  of  the  Ghdad  tnertius  and  minimus  which 
it;  vvhen,  li^w^v^r,  th^  thigh  is  fkxech  anci  esjiecialJy  if  it  be  crossed 
over  the  opposite  one,  the  trochanter  produces  a  blunt  eminence  on  the  .surface* 
The  lateral  condyle  is  more  easily  felt  than  the  medial;  both  epicondylcs  can  be 
readily  identified,  and  at  the  upper  part  of  the  medial  condyle  the  sharp  adductor 
tubercle  cart  be  recognized  without  difficulty.  When  the  knee  is  flexed  a  }K>rtion 
of  the  patellar  surface  hs  uncovered  ami  is  palpable. 

The  anterior  surface  of  the  patella  vj  sithcutancofi^  When  tin*  knee  is  extended 
the  medial  border  of  the  bom:  ;<>  a  little  more  prominent  than  the  lateral,  and  il 
the  Quadriceps  femoris  he  relaxed  the  hone  can  he  moved  trout  side  It*  side.  W'iieii 
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thk  joint  W  fjiJJied  the  jsatei)a  nkedes  into  tfMi,  hollow  between  the  eotidyles  of  the 
femur  and  the  upper  end;  of  the  tibia,  and  Ittmi fles  firmly  applied  to  the  fetmn 
A  considerable  portion  of  the  tibia  is  subcutaneous.  At  the  upper  end  the  core 
dyles  can  be  Mt  just  below  the  knee;  the  medfei  condyle  is  broad  and  smooth, 
and  tHerjJ# into  the  siikktftp&PPS  Muriate  oftkebodj’hefow;  the  lateral  is  narrower 
Atul  to: ire  prominent,  and  t.m  it,  about  midway  between  the-,  apex  of  the  p»t**ii* 
and  the  head  of  the  fibula,  is  the  tubercle  for  the  attachment  of  the  iliotibial  hotel 
In  front  <»f  the.  upper  end  of  the  bona,  between  the  condyles,  is  an  oval  emiiiee*:*, 
the  tuberosity,  which  i»  continuous  below  with  the  anterior  crest  of  the  bone.  Tins 
crest  can  !><•  identified  in  the  upper  two-thirds  of  its  extent  as  a  Sextan)*  fiefet 
but  In  the  lower  third  it  disappears  and  the  bone  is  concealed  by  the  tendon.- 


«Ai 


’Aptw^'.iVs Vs’-7»i«k  U-siuJ. 


'/  laiiuffi ■* 


'  ' ;7  *-v' ..  >T  *  - . • :  • .  ■’  .  '  ’  /. 

-TnuuivefetF  x«M'u*>rt  tlirou«n  the  UtR,r  fli'can,  dwi&l  i+i  the  #t»p*  jf*m. 


the  muscles  twx  the  front  of  the  leg.  Aledtul  to  the  anterior  crest  is  the  hp&d 
surface,  slightly  encroached  on  by  muscles  in  front  and  behind.  The  aie-hri 
malleolus  forms  a  broad  prominence.,  situated  at  a  higher  level  and  sonx-wb# 
farther  forward  than  the.  lateral  malleolus;  it  overhangs  the  mediitl  border  <>?  ; 
streh  of  the  foot;  ns  anterior  border  is  nearly  straight.  its  posterior  presents  a  sharp 
edge  which  forms  the  medial  margin,  of  the  groove  for  the.  tendon  of  TibiaLs 
posterior.  d-' 

Tb,-  only -'subcutaneous  parts  of  the  fibula  are  the  head,  the  lower  part  of  the 
body,  and  the  lateral  malleolus.  The  bead  lies  behind  and  lateral  to  the  later*! 
orntlyic of  the  filda,  and  pri-sents  »s  a  small  prominent  pyramidal  eminence  slight};- 
above  the  level  ,;.f  the  tibird  tuberosity;  its  position  can  be  readily  located  b*. 
following  dinvnvvard  the  bbndoti  .cf  Biceps  fgmotis.  The  lateral  malleolus  b  h 
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»mrt<yw  f?dngat«d  prominence,  from  which  the  lower  third  or  half  oF  the  lateral 
surface  of  the  bony  of  the  hone  can  he  traced  upward. 

On  the  dorsum  of  the  tarsus  the  individual  hones  cannot  be  distinguished,  with 
the  ^xt'Cptipn  ttf  the  head  of  the  talas,  which  forms  a  rounded  projectioB  in  front 
of  the  ankle- joint  when  fin;  loot  ts  furdbiy  prtenddi.  The  whole  dorsal  surface  of 
tin?  foot  has  a  smooth  convex  outline,  the  summit  of  which  is  th*  ridge  formed  by 
»hc  head  of  the  talus,  the  navkuilar.  the  'seotmd  cuneiform,  and  the  second  meta¬ 
tarsal  bone:  from  this  it  inclines  gradually laterftlwanl,  and  rapidly  medialward. 
On  the  medial  side  of  the  foot  the  medial  process  of  the  tuberosity  of  the  calcaneus 
and  the  ridge  separating  the  posterior  from  the  medial  surface  of  the  bone  are 
distinguishable:  in  front  of  this,  and  below  the  medial  malleolus,  is  flic  susteti- 
tarubun  tali.  The  tuberosity  of  the  navicular  is  palpable  about  2.5  to  •]  cm.  in 
front  of  the  medial  malleolus. 


.In*  i<ri  .*r tthhiif.  pt-y*- 

-  jf  i f y.^ it •' c'»V' t: 
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Far  filer  forward,  the  ridge  formed  by  the  base  of  the  first  metatarsai  bon^  can 
ho  obscurely  .felt,  and  from  lids  the  body  of  the  bow  can  be  traced  to  the  expanded 
head;'  the  base  of  the  first:  phalanx  is  the  medial  sesamoid  bo.w\  On  the 

lateral  side  of  the  foot  the  most  posterior  bony  pomt  is:  the  hitera?  ppoeess  of 
the  tuberosity  of  the  calcaneus,  with  the  ridge  separating  the  posterior  from  the 
surface  of  the  in  front  of  this  the  the  lateral  kitr- 

l'M:c  of  the  .calcaneus  is  sub ema neons;  on  ir,  hebvw  mpi  in  jixait  of  the  huorai 
maJIeohis,  the ^  troehiear  process,.  when  preset,  can  be  felt.  Fan  her  fonwd the 
base  of  the  &Uh  wtai&rsal  bo tvs  i<  prominent,  aHui  from  it  the  body  mid  expanded 
head  can  be*  trac^bv  \  /  ‘  -  •  '•*  ‘  / 

As  hi  the  ejas^.  of  the  ;ic>f •  metatarsal  bimes 

are  eusiiy  defined,  although  their  fa- ads  *}<>  not  form  prnrniii*m^ ^  the  pianbir 
surfaces  are  obscured  by  muscles.  The  phai&figeain  their  whole  extent  are  readily 
palpable 

ArUcuiations.— The  bipdbint  is  deeply  seated  ondeuniiut  be  palpated. 
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The  interval  between  the  tibia  ami  fenmc  can  always  be  easily  felt;  if  the  knee- 
joint  be  extended  this  interval  is  on  a  higher  level  than  the  ape*  of  the  patella, 
but  if  the  joint  be  slightly  flexed  it  is  directly  behind  the  apex.  When  the  knee 
is  semiflexed,  the  medial  borders  of  the  patella  and  of  the  medial  condyle  of 
the  femur,  and  the  upper  border  of  the  medial  condyle  of  the  tibia,  bound  a  tri¬ 
angular  depressed  area  which  indicates  the  position  of  the  joint. 

The  ankle-joint  ran  be  felt  on 
either  side  of  the  Extensor  tendons, 
and  during  extension  of  the  joint 
the  super  tor  articular  yurt  ace  of 
the  talus  presents  below  the  ante¬ 
rior  border  of  thfe  lower  end  of  the 
tibia.'  '  '-s y.-y';y.  ;  'y.yY\ 

Mnscles. — Of  the  muscles  of  the 
tlngh,  those  of  the  anterior  femoral 
region  (Tig."!*? 4) etuitribute  largely 
tu  surface  form,  The  Tensor  laser* 
late.  pmdUc^&.  '«  broad  elevation 
{mteediia;t^!,'';;".b^fd«;';the  anterior 
part  of  the  iliac  crest  and  behind 
the  anterior  superior;-  iliac  spinet 
from  its  {ewer  border  a  groove 
caused  by  the  iliotibial  bant!  '<&■$- 
tetwls  tfewnw  ard  to  .the'  lateral  side 
the  kuetsdefetv  Tire  tippet por¬ 
tion  of  S&rtorius  ts>iistitute.r  th» 
lateral'  boundary  of  thes 
triangle;  and,  when  the 
in  action,  forms  a  prominent 
oblique  ridge  which  is  Continued 
below  into  a  flattened  plane  ami 
then  gradually  merges  into  a  gen- 
ers!  fidnesa  oa  the  medial  side  of 
the  knee-joint.  When  the  Sarto- 
tins  is  nut  in  action,  a  depression 
exists  between  the  Quadriceps 
femoris  and  the  Adductors,  and 
extends  obliquely  downward  and 

Kr»:  lv*7>,r— f  medial  twiieol  oi  ruslit  USai,.  ffi^jiaiwird  from  the  apCX  of  the 

femoral  triangle  to  the  side  of  the 
knee.  In  the  angle  formed  by  the  divergence  of  Sartorias  and  Tensor  fascia* 
late,  just  below  the  anterior  superior  iliac  spine,  the  Eeetaa  fsmoris  appears,  am! 
in  a  muscular  -subject  its  borders  can.  be  clearly  defined  when  the  musde  is  in  action. 
The  Vastus  lateralis  forms  a  long  flhtfeoed  plane  traversed  by  the  groove  of  the 
iliotibial  band.  The  Vastus  medial!*  gives  rise  to  a  considerable  prominence  on 
the  medial  side  of  the  lower  half  at  the  thigh:  this  prominence  increases  toward 
the  knt-e  raid  ends  somewhat  abruptly  with  a  bill  curved  outline.  The  Vastus 
iatemtadius  is  completely  hidden.  The  Addu?  tores  rahnot  be  differentiated  from 
one .  a- no  tin*?-  with  the  exception  of  the  upper  tendon  of  Adductor  long  us  and 
the  lower  tendon  of  Adductor  mitgnus.  When  the  Adductor  tangos  is  in  action  its 
upper  tendon  stands  out  as  a  prominent  ridge  running- obliquely  downward  aud 
lateralward  from  the  neighborhood  Of  the  pubic  tubercle,  and  forming  the  me¬ 
dial  border  of  the  femoral  triangle.  The  lower  tendon  of  Adductor  tnagnus  can  be 
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distinctly  felt  as  a  short 
ridge  emending  dow  Award 
between  fclie  Sartorius  and 
V  astus  mediftlis  to  the  ad¬ 
ductor  tube.file,  The  ad- 
d uctores  fill  in  the  triangiilsr 
space,  at  the  upper  part  of 
the  thigh*  fetwepiv  thefemur 
and  the  pelvic  and  to  theta 
is  dt«?  die  contour  of  the 
medioroorder  af  the  thigh, 
the  Gracilis  contributing  •'  -  |.V 

largely  to  the  smoothness  ^  ; 

of  thy outline:  p? 

The  OlatBBUs  raatiaius  ( Fig. 

12e5)  farms  the  lull  rounded 
outline  of  ihe  huttoyh;  it  is 
more  prominent  behind, 
compressed  in  front,  ittid 
ends  :*t  inset-  >#'  ”  «B 

turn  iu  it  depression  imme¬ 
diately  behind  the  greater  ® 

trochflnter;  its  lower  border  1 

crosses  the  gluteal  fold 
obliquely  downward  and 
lateralward.  The.  upper  ia 
part  of  Gluteus  tnedius 
visible,  but  its  lower  part 
with  Glute  ns  minimus  and 
the  eJtty?rial  rotators  are 
completely  hidden.  From 
■beneath  the  lower  margin 
of  Gluteiia.  vchaid  cabs  the 
hauistriags  appear;  «t  first 
they  are  harrow  arid,  nut 
well-defihed,  hut  m  they 
descend  they  become  more 
prominent  add  eventually 
divide  into  ihrr<  aell-rnarked 
ridges  fetaved’  by  their  ten- 
dons ;  these  constitute  the 
upfier  ^boundaries  of  the 
popliteal  fosSa.  The  tendon 
of  Biceps  lemons  is  a  thick 
cord  running  to  the  liead  of 
the  fibula;,  the  tendons  of 
the  Semimembranosus  and 
Senutemdinogas  as  they  run 
mtdial'WfOd  to  the  tibia 
are  separated  %  a  alight 
furrow:  the  Semiteiidihosus  . 
is  fchemorr;  medial,  and  cat) 
be  felt  in  Certain  positions 
of  the  limb  as  a  sharp  cord, 
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while  the  Seaiimenil »ram >su>  i>  thick  arid  rounded.  The  Gracilis  is  situate*!  a  little 
in  trout  <>f  them. 

The  Tibialis  anterior  <Jdg  present#  ^  enlargement  at  the 

stiJr.of  the  tibia  ami  projects  beyond  the  anterior  crest  of  the  bone;  its  teidori  can 
be  traced  on  the  front  of  the  tibia  and  ankfe-joitit  ami  thence  along  the  medial  sidb 
of  rim  foot  to  the  base  of  the  first  metatarsal  bone.  The  fleshy  fibers  of  Penmans 
longus  are  strongly  marked  at  the  upper  part  of  the  lateral  side  of  the  leg;  ic  Is 

separated  by  furrows  from  Extensor 
digitorum  fungus  in  front  and  Soleus 
behind.  Below,  the  fleshy  filers  end 
abruptly  in  a  tendon  which  overlaps 
the  more  flattened  elevation  of  Pero- 
nsBUs  brevis ;  Wlpw  the  lateral  Dial- 
leolusthe  tendon  of  Peronieus  brevis 
N  p  lUh  is  the  more  marked. 

On  the  domteof  the  foot  (Fig. 
XvbtrAo?  1277)  the  tendons  emerging  from 
beneath  the  transverse  and  cruciate 
crural  ligaments  spread  out  and 
can  be  distinguished  as  follows: 
the  most  medial  and  largest  is 
Tibialis  anterior*  the  npfr-.  -is  Ex- 
tensor  halluois  proprius,  then  Ex¬ 
tensor  dig* torum  fungus  dividing 
into  four  tendons,  to  the  sCecUid, 
thirds  fourth,  and  fifth  toes>  and 
lastly  Peromeus  terthis.  The  Ex¬ 
tensor  difitorum  brevis  produces  a 
rounded  tbfe  darsutti.  of 

the  foot  and  a  fuluessiO  fmat  of  the 
lateral  malleolus.  The  Inter  ossei 
dm  sales  bulge  between  the  metatar¬ 
sal  bones-  ‘  y  K 

At  the  back  of  the  knee  is  the 
popliteal  fossa,  founded  above  by. 
the  tendons-  of  the.  haitomflgs:  and 
below  hy  the  Gastrocnemius.  Below 
this  fossa  ia  the  prominent  Ht^hy 
Ft o.  4  n^ht  log.  mass  of  the  calf  of  the  leg  produced 

by  Gastrocnemius  and  Soleus  (F)g^ 
l"274b  Whrin thes^^pisCl^S'iilre in  action  the  borders  of  Gastrocnemius  form  two  welb 
detmed  Si  nee  whith  cOjiverge  to  the  icndOcalcaneus ;  bonier  is  the 

more  prominent.  At  the  same  time  the  edges  nf  Scleus  can  he.  seen  forming,  on 
either  side  of  G^teucnemius,  curvet!  eminences;  of  which  the  lateral  fe  the  longer* 
massif  'fcfee: ealf  -qfejifitij'. .in  the  tendocalcaneus,  which 

In  The  ’gpper  bF  i&  but  widens  out  slightly  below. 

Behind  the  :s»ediat.bortfe'  -of. the;  lower  part  of  the  tibia  (Fig.  1278)  a  well-defined’ 
ridge  •  is  produced'  hr  the  -  tendon  of  Tibialis  poaterior  during  contraction  of  the 
musxlc. 

On  the  sale  of  the foot  the  Abifatter  M%it&  qamti  Forms  u  narrow  rounded  elec¬ 
tion  on  the  lateral  ride-  ;* ml  the  Abductor  haliucis  a  lesser  elevation  on  t  he  medial 
side.  The  Flexot  digritoram  brevis,  hound  down  by  the  platUaraporieuor!?.  is  nut. 
very  •apparent;  it  produces.  <  flattened  form,  and  the  thickened  skm  underlying 
it  is  thrown  into  numerous  wrinkles.: 


Tttiicili*  (iuitr*ir 
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Veins. — By  compressing  the  proximal  trunks,  the  venous  arch  on  the  dorsum 
of  the  foot,  together  with  the  great  and  small  saphenous  veins  leading  from  it  (see 
page  673),  are  rendered  visible. 

Nerves. — The  only  nerve  of  the  lower  extremity  which  can  be  located  by  palpa¬ 
tion  is  the  common  peroneal  as  it  winds  around  the  lateral  side  of  the  neck  of  the 
fibula. 


SURFACE  MARKINGS  OF  THE  LOWER  EXTREMITY. 

Bony  Landmarks. — The  anterior  superior  iliac  spine  is  at  the  level  of  the  sacra 
promontory — the  posterior  at  the  level  of  the  spinous  process  of  the  second  sacra 
vertebra.  A  horizontal  line  through  the  highest  points  of  the  iliac  crests  passes 
also  through  the  spinous  process  of  the  fourth  lumbar  vertebra,  wrhile,  as  already 
pointed  out  (page  1330),  the  transtubercular  plane  through  the  tubercles  on  the 
iliac  crests  cuts  the  body  of  the  fifth  lumbar  vertebra.  The  upper  margin  of  the 
greater  sciatic  notch  is  opposite  the  spinous  process  of  the  third  sacral  vertebra, 
and  slightly  below  this  level  is  the  posterior  inferior  iliac  spine.  The  surface  mark¬ 
ings  of  the  posterior  inferior  iliac  spine  and  the  ischial  spine  are  both  situated  in  a 
line  which  joins  the  posterior  superior  iliac  spine  to  the  outer  part  of  the  ischial 
tuberosity;  the  posterior  inferior  spine  is  5  cm.  and  the  ischial  spine  10  cm.  below 
the  posterior  superior  spine;  the  ischial  spine  is  opposite  the  first  piece  of  the 
coccyx. 

With  the  body  in  the  erect  posture  the  line  joining  the  pubic  tubercle  to  the  top 
of  the  greater  trochanter  is  practically  horizontal;  the  middle  of  this  line  overlies 
the  acetabulum  and  the  head  of  the  femur. 


A  line  used  for  clinical  purposes  is  that  of  Nelaton  (Fig.  1279),  which  is  drawn 
from  the  anterior  superior  iliac  spine  to  the  most  prominent  part  of  the  ischial 
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Superior  gluteal 
artery 


Inferior  gluteal 
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Fir,  1280 — I -eft  glut-eul  region,  Blowing  surface  markings  for  arterie«  and  sciatic  nary* 


Femoral  nerve 


Femoral  artery 


--1  nterior  libial  artery 


Deep  peronceal  nerve 


Adductor  tubercle 


Ffrt.  1281.— Front  of  right  thigh,  showing  surface 
markings  for  bones,  femoral  artery  and  femoral  nerve. 


Fia.  1*282.— Lateral  aspect  of  right  leg,  showi 
surface  markings  for  bones,  anterior  tibial  a 
dorsalis  pedia  arteries,  and  deep  peroneal  nerve- 
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tuberosity;  it  crosses  the  center  of  the  acetabulum  and  the  upper  border  of  the 
greater  trochanter.  Another  surface  marking  of  clinical  importance  is  Bryant’s 
triangle,  which  is  mapped  out  thus:  a  line  from  the  anterior  superior  iliac  spine 
to  the  top  of  the  greater  trochanter  forms  the  base  of  the  triangle;  its  sides  are 
formed  respectively  by  a  horizontal  line  from  the  anterior  superior  iliac  spine  and 
a  vertical  line  from  the  top  of  the  greater  trochanter. 

Articulations. — The  posterior  superior  iliac  spine  overlies  the  center  of  the  sacro¬ 
iliac  articulations. 

The  hip-joint  may  be  indicated,  as  described  above,  by  the  center  of  a  horizontal 
line  from  the  pubic  tubercle  to  the  top  of  the  greater  trochanter;  or  more  generally, 
it  is  below  and  slightly  lateral  to  the  middle  of  the  inguinal  ligament.  The  knee-joint 
is  superficial  and  requires  no  surface  marking.  The  level  of  the  ankle-joint  is  that 
of  a  transverse  line  about  1  cm.  above  the  level  of  the  tip  of  the  medial  malleolus. 
If  the  foot  be  forcibly  extended,  the  head  of  the  talus  appears  as  a  rounded  promi¬ 
nence  on  the  medial  side  of  the  dorsum;  just  in  front  of  this  prominence  and  behind 
the  tuberosity  of  the  navicular  is  the  talonavicular  joint.  The  calcaneocuboid  joint 
is  situated  midway  between  the  lateral  malleolus  and  the  prominent  base  of  the 
fifth  metatarsal  bone;  the  line  indicating  it  is  parallel  to  that  of  the  talonavicular 
joint.  The  line  of  the  fifth  tarsometatarsal  joint  is  very  oblique;  it  starts  from  the 
projection  of  the  base  of  the  fifth  metatarsal  bone,  and  if  continued  would  pass 
through  the  head  of  the  first  metatarsal.  The  lines  of  the  fourth  and  third  tarso¬ 
metatarsal  joints  are  less  oblique.  The  first  tarsometatarsal  joint  corresponds  to  a 
groove  which  can  be  felt  by  making  firm  pressure  on  the  medial  border  of  the  foot 

2.5  cm.  in  front  of  the  tuberosity  of  the  navicular  bone;  the  position  of  the  second 
tarsometatarsal  joint  is  1.25  cm.  behind  this.  The  metatarsophalangeal  joints  are 
about  2.5  cm.  behind  the  webs  of  the  corresponding  toes. 

Muscles. — None  of  the  muscles  require  any  special  surface  lines  to  indicate 
them,  but  there  are  three  intermuscular  spaces  which  occasionally  require  defini¬ 
tion,  viz.,  the  femoral  triangle,  the  adductor  canal,  and  the  popliteal  fossa. 

The  femoral  triangle  is  bounded  above  by  the  inguinal  ligament,  laterally  by  the 
medial  border  of  Sartorius,  and  medially  by  the  medial  border  of  Adductor  longus. 
In  the  triangle  is  the  fossa  ovalis,  through  which  the  great  saphenous  vein  dips  to 
join  the  femoral;  the  center  of  this  fossa  is  about  4  cm.  below  and  lateral  to  the 
pubic  tubercle,  its  vertical  diameter  measures  about  4  cm.  and  its  transverse  about 

1.5  cm.  The  femoral  ring  is  about  1.25  cm.  lateral  to  the  pubic  tubercle. 

The  adductor  canal  occupies  the  medial  part  of  the  middle  third  of  the  thigh;  it 
begins  at  the  apex  of  the  femoral  triangle  and  lies  deep  to  the  vertical  part  of 
Sartorius.  The  popliteal  fossa  is  bounded:  above  and  medially  by  the  tendons 
of  Semimembranosus  and  Semitendinosus;  above  and  laterally  by  the  tendon  of 
Biceps  femoris;  below  and  medially  by  the  medial  head  of  Gastrocnemius;  below 
and  laterally  by  the  lateral  head  of  Gastrocnemius  and  the  Plantaris. 

Mucous  Sheaths. — The  positions  of  the  mucous  sheaths  around  the  tendons 
about  the  ankle-joints  are  sufficiently  indicated  in  Figs.  1277,  1278  (see  also  page 
492). 

Arteries. — The  points  of  emergence  of  the  three  main  arteries  on  the  buttock, 
viz.,  the  superior  and  inferior  gluteals  and  the  internal  pudendal,  may  be  indicated 
in  the  following  manner  (Fig.  1280).  With  the  femur  slightly  flexed  and  rotated 
inward,  a  line  is  drawn  from  the  posterior  superior  iliac  spine  to  the  posterior  supe¬ 
rior  angle  of  the  greater  trochanter;  the  point  of  emergence  of  the  superior  gluteal 
artery  from  the  upper  part  of  the  greater  sciatic  foramen  corresponds  to  the  junction 
of  the  upper  and  middle  thirds  of  this  line.  A  second  line  is  drawn  from  the  poste¬ 
rior  superior  iliac  spine  to  the  outer  part  of  the  ischial  tuberosity;  the  junction 
of  its  lower  with  its  middle  third  marks  the  point  of  emergence  of  the  inferior 
gluteal  and  internal  pudendal  arteries  from  the  lower  part  of  the  greater  sciatic 
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foramen.  The  course  of  the  femoral  artery  (Fig.  1281)  is  represented  by  the  upper 
two-thirds  of  a  line  from  a  point  midway  between  the  anterior  superior  iliac  spine 
and  the  symphysis  pubis  to  the  adductor  tubercle,  with  the  thigh  abducted  and 
rotated  outward;  the  profunda  femoris  arises  from  it  about  1  to  5  cm.  below  the 
inguinal  ligament.  The  course  of  the  upper  part  of  the  popliteal  artery  (Fig.  1283) 
is  indicated  by  a  line  from  the  lateral  margin  of  Semimembranosus  at  the  junction 
of  the  middle  and  lower  thirds  of  the  thigh,  obliquely  downward  to  the  middle  of 
the  popliteal  fossa;  from  this  point  it  runs  vertically  downward  for  about  2.5  cm. 
or  to  the  level  of  a  line  through  the  lower  part  of  the  tibial  tuberosity.  The  line 
indicating  the  anterior  tibial  artery  (Fig.  1282)  is  drawn  from  the  medial  side  of 
the  head  of  the  fibula  to  a  point  midway  between  the  malleoli;  the  artery  begins 
about  3  cm.  below  the  head  of  the  fibula.  The  dorsalis  pedis  artery  is  represented 
on  the  dorsum  of  the  foot  by  a  line  from  the  center  of  the  interval  between  the 
malleoli  to  the  proximal  end  of  the  first  intermetatarsal  space. 

The  course  of  the  posterior  tibial  artery  (Fig.  1283)  can  be  shown  by  a  line  from 
the  end  of  the  popliteal  artery,  i .  e.f  2.5  cm.  below  the  center  of  the  popliteal  fossa, 
to  midway  between  the  tip  of  the  medial  malleolus  and  the  center  of  the  convexity 
of  the  heel;  its  main  branch,  the  peroneal  artery,  begins  about  7  or  8  cm.  below  the 
level  of  the  knee-joint  and  follows  the  line  of  the  fibula  to  the  back  of  the  lateral 
malleolus.  The  medial  and  lateral  plantar  arteries  begin  from  the  end  of  the  poste¬ 
rior  tibial;  the  medial  extends  to  the  middle  of  the  plantar  surface  of  the  ball  of  the 
great  toe,  the  lateral  to  within  a  finger’s  breadth  of  the  tuberosity  of  the  fifth 
metatarsal  bone;  from  this  latter  point  the  plantar  arch  crosses  the  foot  trans¬ 
versely  to  the  proximal  end  of  the  first  intermetatarsal  space. 

Veins. — The  line  of  the  great  saphenous  vein  is  from  the  front  of  the  medial 
malleolus  to  the  center  of  the  fossa  ovalis;  the  small  saphenous  vein  runs  from  the 
back  of  the  lateral  malleolus  to  the  center  of  the  popliteal  fossa. 

Nerves. — The  course  of  the  sciatic  nerve  (Fig.  1283)  can  be  indicated  by  a  line 
from  a  point  midway  between  the  outer  border  of  the  ischial  tuberosity  and  the 
posterior  superior  angle  of  the  greater  trochanter  to  the  upper  angle  of  the  popliteal 
fossa.  The  continuation  of  this  line  vertically  through  the  center  of  the  popliteal 
fossa  represents  the  position  of  the  tibial  nerve,  while  the  common  peroneal  nerve 
follows  the  line  of  the  tendon  of  Biceps  femoris.  The  lines  for  the  deep  peroneal 
nerve  and  the  continuation  of  the  tibial  nerve  correspond  respectively  to  those  for 
the  anterior  and  posterior  tibial  arteries. 
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Abdomen,  1157 

apertures  in  walls  of,  1158 
bones  of,  surface  markings  of, 
1330 

boundaries  of,  1158 
fascia  of,  409 
triangular,  413 
lymph  glands  of,  708 
muscles  of,  409 
actions  of,  418 
nerves  of,  418 
variations  of,  418 
regions  of,  1158 
surface  anatomy  of,  1328 
markings  of,  1330 
Abdominal  aorta,  606 
branches  of,  607 
surface  markings  of,  1336 
aortic  plexus,  993 
muscles,  409 
ring,  deep,  419 
external,  411 
inguinal,  419 
internal,  419 

viscera,  surface  markings  of, 
1328 

wall,  lymphatic  vessels  of,  710 
Abducent  nerve,  905 

composition  and  central  con¬ 
nections  of,  867 

Abductor  digit!  quinti  muscle 
(foot),  494 
actions  of,  497 
nerves  of,  497 
variations  of,  494 
(hand),  464 
actions  of,  465 
nerves  of,  465 
variations  of,  465 
hallucis  muscle,  493 
actions  of,  497 
nerves  of,  497 
variations  of,  493 
indicis  muscle,  465 
minimi  digiti  muscle,  464 
pollicis  brevis  muscle,  462 
actions  of,  463 
nerves  of,  463 
variations  of,  463 
longus  muscle,  456 
actions  of,  457 
nerves  of,  457 
variations  of,  456 
muscle,  462 

Aberrant  ducts  of  testis,  1256 
Abnormalities  of  urinary  bladder,  ; 
1243 

of  vertebral  column,  114 
Accelerator  urinaj  muscle,  429 
Accessory  hemiazygos  vein,  671 
nerve,  919 

composition  and  central  con¬ 
nections  of,  861 
cranial  part  of,  919 
spinal  part  of,  919 
obturator  nerve,  961 
olivary  nuclei,  788 
organs  of  digestive  tube.  1109 


j  Accessory  organs  of  eye,  1028 
pancreatic  duct,  1212 
part  of  parotid,  gland,  1143 
processes,  104 
pudendal  artery,  622 
sinuses  of  nose,  1005 
spleens,  1295 
thyroid  glands,  1281 
Acetabular  fossa,  237 
notch,  237 
Acetabulum,  237 
Achromatic  spindle,  38 
Acoustic  meatus,  external,  143, 
i  182,  1044 

development  of,  1041 
internal,  141,  193 
|  nerve,  911,  1043 

composition  and  central  con¬ 
nections  of,  863 
development  of,  1041 
nuclei  of,  794,  912 
Acromioclavicular  joint,  315 
movements  of,  316 
surface  anatomy  of,  1345, 
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j  Acromion,  203 
'  Acromiothoracic  artery,  592 
Adaman to  blasts,  1132 
Adductor  brevis  muscle,  474 
actions  of.  475 
nerves  of,  475 
1  variations  of,  475 

canal,  631 

surface  anatomy  of,  1365 
hallucis  muscle,  495 
actions  of,  498 
nerves  of,  497 
variations  of,  496 
longus  muscle.  473 
actions  of,  475 
nerves  of,  475 
variations  of,  475 
magnus  muscle,  474 
actions  of,  475 
nerves  of,  475 
variations  of,  475 
minimus  muscle,  475 
obliquus  hallucis  muscle,  495 
pollicis  muscle,  463 
actions  of,  463 
nerves  of,  463 
variations  of,  463 
obliquus  muscle,  463 
transversus  muscle.  463 
transversus  pollicis  muscle,  462 
tubercle,  246 

Adipose  capsule  of  kidney,  1230 
Adminiculum  linecr  albce ,  418 
Adrenal  capsule,  1290 

gland,  lymphatic  capillaries  in, 
690 

Adrenalin,  1292 
Afferent  nerves,  751 
vessels  of  kidney,  1234 
After- birth,  63 
A (jrjrr  nasi ,  159 

Aggregated  lymphatic  nodules, 
1186 

Agminated  follicles,  1186 
Air  cells,  ethmoidal,  152,  1005 


Air  cells,  mastoid,  140 
sinuses  of  nose,  1005 
Ala  cinerea ,  806 
lobuli  centralis ,  791 
nasi,  998 
oss.  ilii,  232 
Alee  of  ethmoid,  151 
of  sacrum,  108 
of  vomer,  168 
Alar  cartilages  of  nose,  999 
lamina,  727 
Alcock,  canal  of,  422 
Alimentary  canal,  1109 

lymphatic  capillaries  in,  688 
Allantoic  vessels,  53 
Allantois,  53 
Alveolar  arch,  159 
arteries,  568,  569 
border  of  mandible,  171 
canals,  159 
index,  199 

nerves,  896,  897,  902 
point,  159,  198 
process  of  maxilla,  159 
Alveoli,  formation  of,  1133 
Alveus,  839,  846 
Amacrine  cells  of  retina,  1024 
Amnion,  55 
false,  55 

Amniotic  cavity,  55 
ectoderm,  55 
fold,  55 

Amphiarthroses,  285 
Ampulla  of  ductus  deferens,  1256 
rectal,  1193 

of  semicircular  canals,  1057 
of  uterine  tube,  1267 
of  Vater,  1209 

Ampullae  of  tubuli  lactiferi,  1280 
Amygdala,  841 
Amygdaline  nucleus,  797 
Amygdaloid  nucleus,  875 
Anal  canal  or  anal  part  of  rectum, 
1194 

development  of,  1117 
lymphatic  vessels  of,  715 
membrane  of,  1119 
valves  of,  1194 
fascia,  422 

Anaphase  of  karyokinesis,  38 
Anastomoses  of  arteries,  5.50 
around  elbow-joint,  596 
knee-joint,  638 
crucial,  634 

Anastomotic  branch  of  inferior 
gluteal  artery,  624 
Anastomotica  magna  of  brachial 
artery,  596 

of  femoral  artery,  635 
Anatomical  neck  of  humerus,  209 
Anconscus  muscle,  455 
actions  of,  457 
nerves  of,  457 
Angioblasts,  500 
Angiology,  499 
Angle  of  Louis,  119,  note 
iridial  or  filtration,  1014 
of  mandible,  172 
of  pubis,  236 
of  rib,  122 
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Angle,  sacro  vertebral,  104 
of  sternum,  1 19 
subscapular.  203 
Angular  artery,  563 
gyrus,  829 
movement,  286 
vein,  649 

Angulus  Ludovici,  119 
Animal  cell,  35 
Ankle  Ixme,  267 
Ankle-joint,  351 
movements  of,  353 
relations  of  tendons  and  vessels 
to,  353 

surface  anatomy  of,  1358 
markings  of,  1365 
Annular  ligament,  457,  459 
of  ankle,  490,  491 
of  radius,  326 
of  wrist,  anterior,  457 
posterior,  459 

Annulus  fibrosus  fof  interverte¬ 
bral  fibro cartilage),  289 
inguinalis  abdominis,  419 
subcutaneus ,  411 
ovalis ,  534 

tendinous  communis,  1029 
Anococcygeal  body,  1195 
nerves,  974 
raph£,  427 
Ansa  hypoglossi,  934 
lentiformis,  841,  843 
subclavia  [Vieusseni],  987 
Antecubital  fossa,  593 
Anterior  annular  ligament,  457. 
489 

basis  bundle,  765 
calcaneoastragaloid  ligament. 
354 

circumflex  artery,  593 
common  ligament,  287 
condyloid  foramen.  129 
cornu  of  medulla  spinalis,  758 
costovertebral  ligament,  299 
crural  nerve,  961 
humeral  circumflex  artery.  593 
inferior  ligament,  350 
intercostal  arteries,  588 
interosseous  artery,  600 
nerve,  944 

jugular  vein,  surface  markings 
of,  1315 
ligament,  328 
peroneal  artery,  642 
pillar  of  fauces,  1146 
pillars  of  fornix,  844 
pulmonary  nerves,  919 
radial  carpal  artery,  598 
radioulnar  ligament,  327 
superior  dental  nerve,  897 
ligament,  301,  350 
talotibial  ligament,  353 
temporal  artery,  566 
tibial  nerve,  971 
ulnar  carpal  artery,  602 
recurrent  artery,  600 
Antero-lateral  fasciculas,  super¬ 
ficial,  860 

ganglionic  arteries,  577 
muscles  of  abdomen,  409 
Antero-medial  ganglionic  arteries, 
575 

Anti  brachial  fascia,  446 

cutaneous  nerve,  dorsal,  950 
lateral,  941 
medial,  943 
Antihehx,  1041 
Antitragicus  muscle,  1043 
Antitragus,  1042 
Antrum  car  din  cum,  1171 
of  Highmore,  158.  1006 
pyloric,  1172,  1173 
tympanic,  140,  1050 
entrance  to,  1050 
Anus,  1109,  1194 


Anus,  lymphatic  vessels  of,  715 
Aorta,  552 

abdominal,  606 
branches  of,  607 
abdominalis,  606 
arch  of,  554 

branches  of,  555 
peculiarities  of,  555 
of  branches  of,  555 
ascendtns,  552 
ascending,  552 
bulb  of,  552 
coarctation  of,  554 
descending.  602 
thoracalis,  602 

rami  mediastinales,  604 
pericardiaci,  604 
thoracic.  (502 
branches  of,  604 
transverse,  554 
Aortic,  dorsal,  512 
primitive,  500 
ventral.  510 
Aortic  arches,  510 

development  of,  510 
1  >odies,  1289 
cusp,  538 
glands,  1279,  1289 
hiatus,  4o7 
isthmus,  512 
lymph  glands,  709 
opening  of  heart,  538 
plexus,  993 
semilunar  valves,  538 
septum,  506 
sinuses,  538 
spindle,  554 
vestibule,  538 
Aorticorenal  ganglion,  991 
Apcrtura  pelvis  [ minoris ]  inferior, 
239 

superior,  239 

tympanica  canaliculi  chorda 
1046 

Aperture,  anterior  nasal,  196 
Apertures  in  walls  of  abdomen, 
1157 

Apex  cordis,  531 
of  fibula,  260 
of  heart,  531 
lingua ,  1134 
of  nose,  998 
088 .  sacri,  108 
prostata,  1262 
pulmonis,  1103 
Aponeurosis,  368 
epicranial,  379 
lumbar,  398 

of  obliquus  externus,  411 
palatine,  1148 
palmar,  461 
'fxilmaris,  461 
pharyngeal,  1154 
plantar,  492 
plantaris ,  492 
suprahyoid,  393 
Apparatus  digestorius,  1109 
lacrimalis ,  1035 
respiralorius,  1079 
urogenitalis ,  1215 
Appendages  of  testis,  1252 
Appendices  epiploica,  1168 
vesiculosa ,  1268 
Appendicular  artery,  611 
skeleton,  77 

Appendix,  auricular,  left,  536 
right,  533 
ensiform,  119 
of  epididymis,  1252 
of  testis,  1252 
of  ventricle  of  larynx,  10S9 
centrical i  laryngis,  1089 
vermiform,  1188 
xiphoid,  119 
Aquaductus  cerebri ,  812 


Aquaductus  cochlea,  142,  180 
Fallopii,  141 
vestibuli,  141 
Aqueduct,  cerebral,  812 
of  cochlea,  142 
of  Sylvius  770,  771,  812 
Aqueous  humor,  1025 
Arachnoid,  882 
granulations,  884 
structure  of,  882 
villi,  884 

Arachnoidea  cncephali,  882 
spinalis,  882 
Arantii,  corpus,  536 
Arbor  vita  [of  cerebelluml.  797 
uterina,  1270 
Arch,  alveolar.  159 
of  aorta,  554 
branches  of,  555 
peculiarities  of,  555 
of  atlas.  97 
axillary,  435 
carotid,  511 
crural,  deep,  420 
glosso  palatine,  1146 
lumbocostal,  406 
palmar,  deep,  599 
superficial,  602 
phary  n  go  palatine,  1146 
plantar,  643 
pubic,  240 
of  a  vertebra.  94 
volar,  deep,  599 
superficial,  602 
zygomatic,  182 
Arches,  aortic,  510 

branchial  or  visceral,  64 
of  fauces,  1146 
of  foot,  362 

superciliary,  133,  176,  181 
Architecture  of  femur,  248 
Arcuate  artery.  641 
fibers,  788,  790 
ligaments,  405 
line  of  ilium,  234 
nucleus,  789 
Arcus  aorta,  554 

cartilaginis  cricoidea,  1082 
glosso  palatinus,  1146 
lumbocostalis  lateralis  [HaUeri] 
406 

medialis  [ HallerC\ ,  405 
parietoiyccipUalis,  829 
pharyngo  palatinus,  1146 
rolaris  profundus,  599 
superficial  is.  602 
Area  ncustica,  806 
cribrosa  media,  141 
superior,  141 
facialis,  141 
olfactory,  66 
oval,  of  Flechsig,  769 
jxirolfacloria,  833 
pericardial,  48 
postrema.  806 
proamniotie,  48 
Areas  of  cerebral  cortex,  855 
of  Cohnheim,  367 
Areola  of  mamma,  1278 
Areola?  of  bone,  91,  92 
Areolar  glands,  1278 
Arm  t>one,  208 
fascia  of,  443 
muscles  of,  443 

development  of,  365 
Arnold’s  nerve,  917 
Arrectores  pilorum  muscle,  1077 
Arteria  alvcolaris  inferior,  56S 
superior  posterior,  569 
angularis,  563 
anonyma ,  555 
arcuata,  641 
auditira  interna,  584 
auricularis  posterior,  564 
ramus  auricularis ,  564 
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Arlcria  auricularis  posterior,  ra¬ 
mus  occipitalis,  564 
profundus,  567 
axillaris,  590 
basilar  is,  584 

rami  ad  pontem,  58*1 
brachialis,  593 

rami  muscular es,  596 
buccinatoria,  568 
bulbi  urethrae,  623 
canalis  ptcrygoidei ,  569,  572 
carotis  communis,  556 
externa,  558 
interna,  570 

ramus  caroticotympanicus , 
572 

centralis  retinae,  575,  1025 
ccrebclli  inferior  anterior,  584 
posterior,  584 
superior,  584 
cerebri  anterior,  575 
media,  576 
posterior ,  584 
cervicalis  ascendens,  585 
profunda,  589 
chorioidea,  578 

circumflexa  fern  oris  lateralis,  634 
medialis ,  634 
humeri  anterior,  593 
posterior,  593 
ilium  profunda,  627 
super ficialis,  633 
scapulae,  592 
cceliaca ,  607 
colica  dextra ,  613 
media,  613 
sinistra,  614 

collaleralis  ulnaris  inferior,  596 
superior,  595 
comes  nervi  phrenici,  588 
comitans  nervi  ischiadici,  624 
communicans  anterior,  576 
posterior,  577 

coronaria  [cordis]  dextra,  553 
sinistra,  554 
cystica,  609 
dorsalis  hallucis ,  641 
nasi,  575 
pedis,  640 

ramus  plantaris  profundus, 
641 

penis,  624 

epigastrica  inferior,  627 
super ficialis,  633 
superior,  589 
femoralis,  627 

rami  musculares,  633 
frontalis ,  574 
Qastrica  dextra,  608 
sinistra,  607 
gastroduodenalis ,  608 
gastroepiploica  dextra,  608 
sinistra,  610 
genu  media,  637 
supremo,  635 
glutcea  inferior,  624 

ramus  iliacus,  625 
lumbalis,  625 
superior,  626 

hcsmorrhoidalis  inferior,  623 
media ,  619 
superior,  614 
hepatica,  607 
hypogaslrica,  618 
ileocolica,  611 
iliaca  externa,  626 
iliolumbalis,  625 
infraorbitalis,  569 
interossea  communis,  600 
dorsalis,  600 
volaris,  600 
labialis  inferior,  562 
superior,  562  • 
lacrimalis,  573 
laryngea  inferior,  585 


Arteria  laryngea  superior,  559 
lienalis,  609 

rami  pancreatici,  610 
lingualis,  560 

rami  dorsales  lingua,  560 
ramus  hyoideus,  560 
malleolaris  anterior  lateralis,  639 
medialis,  639 
posterior  medialis,  643 
mammaria  interna,  587 
rami  inter  costales,  588 
perforanies,  588 
mammaria  interna,  rami  s ter¬ 
mites,  588 
masseterica,  567 
maxillaris  externa ,  560 
rami  glandulares,  562 
ramus  tonsillaris,  562 
interna,  566 

rami  ptcrygoidei,  568 
ramus  meningeus  acces¬ 
sorius,  568 
mediana,  600 
mcningia  anterior ,  572 
media,  567 

mesent erica  inferior,  613 
superior,  610 
rn  uscido  ph  ren  ica ,  588 
nutricia  fibulae,  642 
humeri,  595 
tibiae,  642 
obturatoria,  620 
occipitalis,  563 

rami  musculares,  563 
ramus  auricularis,  563 
dcscendens,  564 
meningeus,  564 
ophthalmica,  572 
pa  Latina  ascendens,  562 
descenders,  569 
jxincreatica  magna,  610 
pancrcaticoduodenalis  inferior, 
611 

superior,  609 
perforans  prima ,  635 
securula,  635 
tertia,  635 

pericardiacophrenica,  588 
perinei ,  62-3 
peronaa,  642 

ramus  calcaneus  lateralis, 
642 

communicans,  642 
perforans,  642 
pharyngea  ascendens,  564 
rami  pharyngei,  565 
plantaris  lateralis,  643 
medialis,  643 
poplitea,  636 
princeps  cervicis,  564 
hallucis,  644 
poll  iris,  599 
profunda  brachii,  595 
femoris,  633 
jienis,  624 

pudenda  externa  profunda,  633 
super  ficialis,  633 
interna,  621 
pulmonalis,  550 
ramus  dexter,  552 
sinister,  552 
radialis,  596 

rami  musculares,  598 
perforanies,  599 
ramus  car  pi  us  dorsalis,  598 
volaris,  598 

volaris  super  ficialis,  598 
recurrcns  radialis,  598 
tibialis  anterior,  639 
posterior,  639 

rccurrcntcs  ulnaris  anterior,  600 
posterior,  600 
sacra lis  lateralis,  625 
media,  617 
sphcnojxilalina,  569 


Arteria  spinalis  anterior,  835 
posterior,  583 
sternoclcidomastoidea,  563 
stylomastoidea,  564 
subclavia,  579 
sublingualis,  560 
submentalis,  562 
8ubscapularis ,  592 
supraorbitalis,  573 
tar  sea  lateralis,  641 
temporalis  media,  565 
super  ficialis,  565 

rami  auriculares  ante- 
riores,  566 
ramus  frontalis,  566 
parietalis,  566 
thoracal  is  lateralis,  592 
suprema,  591 
thoracoacromialis,  592 
thyreoidea  ima,  556 
inferior,  585 

rami  asophagei,  585 
tracheales ,  585 
superior,  559 

ramus  cricothyreoideus,  559 
hyoideus,  559 
stemocleidomastoideus , 
559 

tibialis  anterior,  638 

rami  musculares,  639 
posterior,  641 

rami  calcanei  mediates,  643 
ramus  communicans,  643 
transversa  colli,  586 

ramus  ascendens,  586 
descendens,  586 
faciei,  565 
scapulae,  586 
tympanica  anterior,  567 
inferior,  565 
ulnaris,  599 

rami  musculares,  602 
ramus  carpeus  dorsalis,  602 
volaris,  602 

profundus ,  602 
urethralis,  623 
uterina,  619 
vaginalis,  620 
v crtebralis,  582 
rami  spinales,  583 
ramus  meningeus,  583 
tcsicalis  inferior,  619 
medialis,  619 
superior,  619 

volaris  indicis  radialis,  599 
Arteries  bronchioles,  604 
ciliares ,  575 

digitales  volarcs  communes ,  602 
propria,  602 
gas  trices  breves,  610 
genu  inferiores,  637 
super iorcs,  637 
iliaca  communes,  617 
intercostales ,  604 
intestinales,  611 
lumbales,  616 

mediastinales  anteriores ,  588 
mctacarjwa  volares,  599 
metalarsea  plantares ,  644 
asophagea,  604 
ovarica,  615 

palpebrales  mediates,  574 
phreniccc  inferiores,  616 
propria  renales,  1233 
recta,  1234 
renales,  614 
sacralis  lateralis,  625 
sigmoidva,  614 
spermatictr  interna,  615 
suprarenales  media,  614 
suralcs,  637 
tarsea  mediates,  641 
tunica  adventitia,  521 
intima,  520 
media,  520 
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Arterial  mesocardium,  528 
Arterioles,  499 

Artery  or  Arteries,  abdominal 
aorta,  606 

accessory  pudendal,  622 
meningeal,  568 
acromiothoracic,  592 
alveolar,  568 
anastomoses  of,  550 
anastomotic  branch  of  inferior 
gluteal,  624 

anastomotica  magna,  of  bra¬ 
chial,  596 
of  femoral,  635 
angular.  563 
anterior  cerebral,  575 
choroidal,  578 
ciliary,  575 
communicating,  575 
humeral  circumflex,  593 
inferior  cerebellar,  584 
meningeal,  572 
spinal,  583 
tibial,  638 
tympanic,  567 

antero-lateral  ganglionic,  577 
antero-medial  ganglionic,  575 
aorta,  552 

abdominal,  606 
arch  of,  554 
ascending,  552 
descending,  602 
thoracic,  602 
appendicular,  611 
arcuate,  641 
articular,  637 
ascending  cervical,  585 
palatine,  562 
pharyngeal,  564 
auditory,  584 
internal,  584 
auricular,  anterior,  566 
deep,  567 
of  occipital,  564 
posterior,  564 
axillary,  590 
azygos,  of  knee,  637 
of  vagina,  620 
basilar,  584 
brachial,  593 
brachiocephalic,  555 
of  brain,  578 
bronchial,  604,  1108 
buccal,  568 
buccinator,  568 
bulbar,  584 
oalcaneal,  642,  643 
calcarine,  585 
capsular,  middle,  614 
caroticotympanic,  572 
carotid,  common,  556 
external,  558 
internal,  570 
carpal,  dorsal,  598 
radial,  598 
ulnar,  602 
volar,  598,  602 
cavernous,  572 
cecal,  of  ileocolic,  611 
central,  of  retina,  575,  1025 
cerebellar,  584 
cerebral,  anterior,  575 
middle.  576 
posterior,  584 

of  cerebral  hemorrhage,  577 
cervical,  ascending,  585 
deep,  589 
superficial,  586 
transverse,  586 
choroid,  578 
choroidal,  578,  585 
ciliary,  575 
circle  of  Willis,  578 
circumflex,  femoral,  634 
humeral,  593 


Artery  or  Arteries,  coccygeal  of 
inferior  gluteal,  624 
cochlear,  1067 
coeliac,  607 
colic,  613,  614 

comitans  nervi  ischiadici,  624 
phrenici,  588 
common  carotid,  556 
iliac,  617 
interosseous,  600 
communicating,  anterior,  575 
of  dorsalis  pedis,  641 
posterior,  577 
coronary,  of  heart,  553 
of  lips,  562 
of  stomach,  607 
of  corpus  cavernosum,  624 
costocervical  trunk,  589 
cremasteric,  627 
cricothyroid,  559 
cystic,  609 
deep  auricular,  567 
epigastric,  627 
external  pudendal,  633 
femoral,  633 
iliac  circumflex,  627 
lingual,  560 
palmar  arch,  599 
of  penis,  621 
plantar,  641 
temporal,  568 
volar  branch  of  ulnar,  602 
dental,  inferior,  568 
posterior,  569 
descending  aorta,  602 
branch  of  occipital,  564 
palatine,  569 
digital,  foot,  644 
hand,  602 
volar,  602 
distribution  of,  550 
dorsal  carpal  of  radial,  598 
of  ulnar,  602 
interosseous,  600 
metacarpal,  598 
nasal,  575 
of  penis,  624 
dorsales  linguae,  560 
dorsalis  hallucis,  641 
pedis,  640 
scapulae,  592 
of  ductus  deferens,  619 
epigastric,  deep  or  inferior,  627 
superficial,  633 
superior,  589 
esophageal,  of  aorta,  604 
of  inferior  thyroid,  585 
ethmoidal,  574 
external  carotid,  558 
iliac,  626 
maxillary,  560 
plantar,  643 
pudendal,  633 
spermatic,  627 
facial,  560 

transverse,  565 
femoral,  627 
circumflex,  634 
fibular,  639 
frontal,  574 

ganglionic,  575,  577,  585 
gastric,  607,  608,  610 
gastroduodenal,  608 
gastroepiploic,  608,  610 
genicular,  635,  637,  638 
glandular,  562 
gluteal,  624 
of  head  and  neck,  556 
helieine,  1261 
hemorrhoidal,  inferior,  623 
middle,  619 
superior,  614 
hepatic,  607 
highest  genicular,  635 
intercostal,  589 


Artery  or  Arteries,  highest 
thoracic,  591 
humeral  circumflex,  593 
hyoid,  559 
hypogastric.  618  • 

obliterated,  619 
hypophyseal,  572 
ileal,  of  ileocolic,  61 1 
ileocolic,  611 
iliac  circumflex,  627,  633 
common,  617 
external,  626 
internal,  618 
iliolumbar,  625 
inferior  alveolar,  568 
articular,  of  knee,  637 
cerebellar,  584 
coronary,  562 
dental,  568 
epigastric,  627 
genicular,  637 
gluteal,  624 
hemorrhoidal,  623 
labial,  562 
laryngeal,  585 
mesenteric,  613 
pancreaticoduodenal,  611 
phrenic,  616 
profunda,  595 
thyroid,  585 
tympanic,  565 
ulnar  collateral,  596 
vesical,  619 
infrahyoid,  559 
infraorbital,  569 
infrascapular,  592 
innominate,  555 
intercostal,  604,  605 

branches  of  internal  main- 
mary.  588 
superior,  5S9 

interlobular,  of  kidney,  1233 
internal  auditory',  584,  1067 
carotid,  570 
iliac,  618 
mammary,  587 
maxillary,  566 
palpebral,  574 
plantar,  643 

pudendal  or  pudic,  621,  f.24 
spermatic,  615 
interosseous,  anterior,  GOO 
common,  600 
dorsal,  600 
palmar,  599 
posterior,  600 
volar,  600 
intestinal.  611 
labial,  562 
of  labyrinth.  1067 
lacrimal.  573 
laryngeal,  inferior,  5S5 
superior,  559 
lateral  calcaneal,  642 
femoral  circumflex,  634 
nasal,  563 
palpebral,  573 
sacral,  625 
tarsal,  641 
left  colic,  614 
gastric,  607 
gastroepiploic,  610 
licnal,  609 
Lingual,  560 
deep,  560 
long  ciliary,  575 
thoracic,  582 
of  lower  extremity,  627 
lumbar,  616 
malleolar,  639 
internal,  643 
mammary,  external,  592 
internal,  587 
masseteric,  568 
maxillary',  external,  560 
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Artery  or  Arteries,  maxillary, 
internal,  566 
medial  palpebral,  574 
tarsal,  641 

mediastinal,  from  aorta,  604 
from  internal  mammary,  588 
medidural,  567 
medullary,  584 
meningeal,  accessory,  568 
anterior,  572 

of  ascending  pharyngeal,  565 
middle,  567 
of  occipital,  564 
small,  568 
of  vertebral,  583 
mesenteric,  inferior,  613 
superior,  610 
metacarpal,  599 
metatarsal,  641 
middle  capsular,  614 
cerebral,  576 
genicular,  637 
hemorrhoidal,  619 
meningeal,  567 
sacral,  617 
suprarenal,  614 
vesical,  619 

mode  of  division  of,  550 
of  origin  of  branches,  550 
musculophrenic,  588 
mylohyoid,  568 
nasal,  575 
dorsal,  575 
lateral,  563 
nasopalatine,  569 
nerves  of,  521 
nutrient,  of  fibula,  642 
of  tibia,  642 
obturator,  620 
occipital,  563 
ophthalmic,  572 
ovarian,  615 
palatine,  ascending,  562 

of  ascending  pharyngeal,  565 
descending,  569 
palmar  arch,  deep,  599 
superficial,  602 
palpebral,  573,  574 
pancreatic,  of  lienal,  610 
pancreaticoduodenal,  609 
perforating,  of  foot,  644 
of  hand,  599 

of  internal  mammary,  588 
of  thigh.  635 
pericardiacophrenic,  588 
pericardial,  588,  604 
perineal,  623 
superficial,  623 
peroneal,  642 
anterior,  642 

pharyngeal,  ascending,  564 
of  internal  maxillary,  569 
phrenic,  inferior,  616 
superior,  605 
plantar,  deep,  641 

lateral  (external) ,  643 
medial  (internal),  643 
metatarsal,  644 
pontine,  584 
popliteal.  636 
posterior  alveolar,  569 
auricular,  564 
cerebral,  584 
communicating,  577 
dental,  569 

humeral  circumflex,  593 
inferior  cerebellar,  584 
interosseus,  600 
meningeal,  from  vertebral, 
583 

scapular,  586 
scrotal,  623 
spinal,  583 
superior  alveolar,  569 
tibial,  641 


Artery  or  Arteries,  postero-lateral 
ganglionic,  585 

postero-medial  ganglionic,  578, 
585 

pre vertebral,  565 
princeps  cervicis,  564 
polhcis,  599 
profunda,  595 
brachii,  595 
cervicalis,  589 
femoris,  633 
linguae,  560 
superior,  595 

of  pterygoid  canal,  569,  572 
pudendal,  external,  633 
internal,  621 
in  female,  624 
in  male,  624 
pudic,  external,  633 
internal,  621 
pulmonary,  550 
pyloric,  608 
radial,  596 
recurrent,  598 
radialis  indicis,  599 
ranine.  56U 

recurrent,  o-  hand,  599 
interosseous,  601 
radial,  598 
tibial,  639 
ulnar,  600 
renal,  614 
right  colic,  613 
coronary,  553 
gastric,  608 
gastroepiploic,  610 
sacral,  lateral,  625 
middle,  017 

scapular  circumflex,  592 
posterior,  586 
transverse,  586 
sciatic,  624 
scrotal,  posterior,  623 
semilunar,  572 
sheaths  of,  521 
short  ciliary,  575 
gastric,  610 
sigmoid,  614 
spermatic,  615 
external,  627 
internal,  615 
sphenopalatine,  569 
spinal,  583 
splenic,  609 

sternocleidomastoid,  559,  563 
sternomastoid,  557,  563 
striate,  577 
structure  of,  520 
stylomastoid,  564 
subclavian,  579 
subcostal,  605 
sublingual,  560 
submaxillary,  562 
submental,  562 
subscapular,  592 
superficial  cervical,  586 
epigastric,  633 
external  pudendal,  633 
iliac  circumflex,  633 
palmar  arch,  602 
temporal,  565 
volar,  598 
arch,  602 

superior  articular,  of  knee,  637 
cerebellar,  584 
coronary,  562 
epigastric,  589 
gluteal,  626 
hemorrhoidal,  614 
intercostal,  589 
labial,  562 
laryngeal,  559 
mesenteric,  610 
pancreatico-duodenal,  609 
phrenic,  605 


Artery  or  Arteries,  superior  pro¬ 
funda,  595 
thoracic,  591 
thyroid,  559 
tympanic,  568 
ulnar  collateral,  595 
vesical,  619 
superhyoid,  560 
supraorbital,  573 
suprarenal,  614,  616 
suprascapular,  586 
sural,  637 

systemic  distribution  of,  550 
tarsal,  641 
temporal,  565 
deep,  568 
middle,  565 
superficial,  565 
thoracic,  591 
aorta,  602 
axis,  592 
highest,  591 
lateral,  592 
superior,  591 
thoracoacromial,  592 
thyreoidea  ima,  556 
thyrocervical  trunk,  585 
thyroid  axis,  585 
inferior,  585 
superior,  559 
tibial,  anterior,  638 
posterior,  641 
recurrent,  639 
tonsillar,  562 
tracheal,  585 
transverse  cervical,  586 
facial,  565 
perineal,  623 
scapular,  586 
transversal  is  colli,  586 
of  trunk,  602 
tympanic,  565,  567 
ulnar,  599 

recurrent,  600 
umbilical,  in  fetus,  546 
of  upper  extremity,  579 
urethral,  623 
of  urethral  bulb,  623 
uterine,  619 
vaginal,  620 
vasa  aberrantia,  594 
brevia,  610 
intestini  tenuis,  611 
vertebral,  582 
vesical,  619 
vestibular,  1067 
Vidian,  569,  572 
volar  arch,  deep,  599 
superficial,  602 
carpal,  598 
digital,  common,  602 
interosseous,  600 
metacarpal,  599 
proper,  602 

volaris  indicis  radialis,  599 
Arthrodia,  286 
Articular  arteries,  637 
capsules,  283 
cartilage,  281 

disk  of  acromioclavicular  joint, 
315 

of  distal  radioulnar  joint,  327 
of  sternoclavicular  joint,  314 
of  temporomandibular  joint, 
298 

lamella  of  bone,  280 
meniscus,  29N 
processes  of  vertebra?,  94 
tubercle  of  temporal  bone,  137, 
178 

Articulalio  acromioclavicularis,  315 
at  la  n  tovpiatro  ph  ica  ,292 
calcamocubovdca, ,  356 
coxa?,  335 
cubit i.  321 
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A  rticulatio  cuneonavicularin,  358 
ellipnoidea ,  286 
0*  nu,  341 
humeri,  317 
mandilrularin,  297 
radiocar  pen,  327 
radio  ulnar  in,  325 
dintalin,  327 
proximalin,  325 
sacroiliaca,  306 
sellar  in,  286 
ntemoclaricularis,  313 
lalocalcunea,  354 
talocalca  neona  ricularin,  355 
talocrural  in,  351 
t  ihiofi  b  u  la  rin ,  3  50 
trochoidea,  285 

Articulation  or  Articulations,  279 
acromioclavicular,  315 
amphiarthroses,  285 
of  ankle,  351 
atlantooccipital,  295 
of  atlas  with  axis  or  epistro¬ 
pheus,  292 

with  occipital  bone,  295 
calcaneocuboid,  356 
of  calcaneus  and  astragalus,  354 
with  the  cuboid,  356 
carpometacarpal,  332 
of  carpus,  330 

of  cartilages  of  ribs  with  each 
other,  304 

classification  of,  284 
condyloid,  285 
costocentral,  299 
costochondral,  304 
eostostemal,  302 
costotransverse,  301 
costovertebral,  299 
coxal,  335 

euboideonavicular,  358 
cuneocuboid,  359 
cuneonavicular,  358 
diarthroses.  285 
of  digits,  335 
of  elbow,  321 
gomphosis,  284 
of  hip,  335 
humeral,  317 
immovable,  284 
intercarpal,  330 
interchondral,  304 
intercuneiform,  359 
intermetacarpal,  333 
intermetatarsal,  360 
intertarsal,  354 
of  knee,  341 
of  lower  extremity,  335 
of  mandible,  297 
metacarpophalangeal,  334 
metatarsophalangeal,  361 
movable,  285 
movements  of,  286 
of  navicular  with  cuneiform 
bones,  358 
of  pelvis,  306 

with  vertebral  column.  306 
of  phalanges  of  foot,  361 
of  hand,  335 
of  pubic  bones,  310 
symphysis,  310 
radiocarpal,  327 
radioulnar,  325 
by  reciprocal  reception,  286 
sacrococcygeal  symphysis,  309 
sacroiliac.  3CX3 
of  sacrum  and  coccyx,  309 
scapuloclavicular,  315 
schindylesis,  284 
of  shoulder,  317 
sternoclavicular,  313 
sternocostal,  302 
of  sternum,  304 
sutura,  284 
symphysis,  285 


Articulation  or  Articulations, 
symphysis  pubis,  310 
synarthroses,  284 
synchondrosis.  284 
syndesmosis,  285 
talocalcaneal,  354 
talocalcaneonavicular,  355 
talocrural,  351 
tarsometatarsal,  360 
of  tarsus,  354 
temporomandibular,  297 
tibiofibular,  350 
tibiotarsal,  351 
of  trunk,  287 
of  upper  extremity,  313 
of  vertebral  arches,  290 
bodies,  287 
column,  287 

with  cranium,  295 
with  pelvis,  306 
of  wrist,  327 

Articulationes  capitulorum,  299 
carpometacarpece,  332 
pollicin,  332 
contotrannversaruE,  301 
contorertebralen,  299 
digitorum  manun,  335 
pedin,  361 
intercar jiea,  330 
inter chondr ales,  304 
inter m etacarpur,  333 
inlermctatarnece,  360 
intertar se(p,  354 
metatar  no  phalange  a,  361 
onniculorum  audilun ,  1053 
stemocostales,  302 
tarnometatarnece,  360 
Aryepiglottic  fold,  1087 
Aryepiglotticus  muscle,  1092 
Arytaenoideus  muscles.  1091,1092 
Arytenoid  cartilages,  1083 
glands,  1093 
swellings,  1079 
Ascending  aorta,  552 
cervical  artery,  586 
colon,  1190 

frontal  convolution,  827 
lumbar  vein,  671 
oblique  muscle,  413 
palatine  artery,  562 
parietal  convolution,  829 
phary  ngeal  artery\  564 
ramus  of  ischium,  235 
of  os  pubis,  235 

Association  fibers  of  cerebral 
hemispheres,  849 
neurons,  760 
Asterion,  181,  198 
Astragalus,  267 
ossification  of,  275 
Atavistic  epiphyses,  93 
Atlantooccipital  articulation,  295 
Atlas,  97 

ossification  of.  111 
Atresia,  congenital,  of  pupil,  1010 
Atria  of  bronchi,  1108 
muscle  bundles  of,  539 
Atrial  canal,  502 
Atrioventricular  bundle  of  His, 
543 

node,  543 
opening,  left,  537 
right,  535 

Atrium  dextrum,  532 
i  of  heart,  left,  536 
primitive,  502 
right,  532 

of  nasal  fossa,  1000 
sinintrum ,  536  j 

Attic  or  epity'mpanic  recess,  140, 
1046 

Attolens  aurem  muscle,  1043 
Attrahens  aurem  muscle,  1043 
Auditory'  artery,  584 
internal,  584 


Auditory  canal,  external,  1044 
meatus,  external,  1044 
nerve,  911 
ossicles,  1052 

development  of,  1043 
pit.  1037 
plate,  1037 

teeth  of  Huschke,  1063 
tube,  1050 

cartilaginous  portion  of,  1051 
cushion  of,  1051 
isthmus  of,  1051 
osseous  portion  of,  1051 
pharyngeal  ostium  of,  1150 
tonsil  of,  1051 
torus  tubarius,  1051 
veins,  1067 
vesicle,  1038 
Auerbach’s  plexus,  11S7 
Auricle,  left,  536 
right,  532 

Auricula  d extra,  532 
of  ear,  1041 

cartilage  of,  1042 
development  of,  1041 
ligaments  of,  1043 
muscles  of,  1043 
vessels  and  nerves  of,  1044 
of  heart,  left,  536 
right,  532 
sinintra,  536 

Auricular  appendix,  left,  536 
right,  532 

artery',  anterior,  566 
deep,  567 
posterior,  564 
lymph  glands,  697 
nerve,  anterior,  901 
great,  932 
posterior,  911 
of  vagus,  917 
point,  198 

surface  of  ilium,  234 
of  sacrum,  106 
tubercle  of  Darwin,  1041 
vein,  posterior,  650 
Auric-ularis  muscles,  1043 
Auriculotemporal  nerve,  901 
Auriculoventricular  groove,  531 
Auris  interna,  1055 
Auscultation,  triangle  of,  435 
Axes  of  pelvis,  240 
Axial  filament- of  spermatozoon ,42 
skeleton,  77 
Axilla,  589 
fascia  of,  437 
Axillary  arch,  435 
artery,  590 

branches  of,  591 
surface  markings  of,  1348 
lymph  glands,  703 
nerve,  940 
sheath,  590 
vein,  667 
Axis,  celiac,  607 
of  lens,  1026 
optic,  1008 
thoracic,  592 
thyroid,  585 
of  vertebra,  98 
ossification  of.  111 
Axis-cylinder  process,  744 
Axon  of  nerve  cells,  744 
Azygos  arteries  of  vagina,  620 
artery,  articular,  637 
uvulae  muscle,  1148 
vein,  671 


B 

Back,  Ixmesof,  surface  markings 
of,  1318 
muscles  of,  397 
surface  markings  of,  1319 
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Baiilarger,  band  of,  841,  851 
Ball-and-socket  joint,  285 
Band  of  Baiilarger,  841,  851 
of  Bechterew,  852 
of  Gennari,  851 ,  852 
of  Giacomini,  833 
iliotibial,  469 
moderator,  536 
Bare  area  of  liver,  1160 
Bartholin,  duct  of,  1145 
glands  of,  1223,  1277 
Basal  column,  posterior,  763 
lamina,  727 

optic  nucleus  of  Meynert,  819 
plate  of  placenta,  62 
ridge,  or  cingulum  of  tooth,  1125 
vein,  657 

Base  of  cerebral  pedun  cle,  808 
of  heart,  531 
of  sacrum,  107 
of  skull,  inferior  surface,  178 
upper  surface  of,  191 
Basichromatin .  36 
Basihyal  of  hyoid  bone,  175 
Basilar  artery,  584 
crest,  1062 
membrane,  1064 
part  of  occipital  bone,  130 
plexus  of  veins,  664 
sinus,  664 
Basilic  vein,  666 
median,  665 
Basion,  180.  198 
Basis  bundle,  anterior,  765 
lateral,  767 
cordis ,  531 
oss.  sacri ,  106 
pedunculi ,  808 
prostatw,  1262 
pulmonis,  1103 
Basivertebral  veins,  672 
Basket  cells  of  cerebellum,  S00 
Bechterew,  band  of,  852 
nucleus  of,  794 
pontospinal  fasciculus  of,  878 
Bed  of  stomach,  1172 
Bell,  nerve  of,  934,  939 
Bellini,  duct  of,  1233 
Bertin,  ligament  of,  337 
Betz,  giant  cells  of,  851 
Biceps  brachii  muscle,  444 
actions  of,  445 
nerves  of,  445 
variations  of,  445 
femoris  muscle,  481 
actions  of,  482 
nerves  of,  482 
variations  of,  481 
flexor  cubiti  muscle,  444 
muscle,  444 
Bicipital  fascia,  445 
groove,  209 
ridges,  209 
Bicuspid  teeth,  1127 
valve,  538 

Bigelow,  Y-shaped  ligament  of, 
337 

Bile  capillaries,  1207 
ducts,  1207,  1208 

lymphatic  capillaries  in,  690 
structure  of,  1209 
Bipolar  cells  of  retina,  1023 
Bird’s  nest  of  cerebellum,  797 
Biventer  cervicis  muscle,  401 
Biventral  lobes  of  cerebellum,  797 
Bladder,  1237 
gall,  1207 
urinary ,  1237 

abnormalities  of,  1243 
in  child,  1239 
development  of,  1222 
distended,  1238 
empty,  1237 
female,  1240 
interior  of,  1241 


Bladder,  urinary,  ligaments  of, 
1241 

lymphatic  vessels  of,  717 
structure  of,  1242 
trigone  of,  1241 
vessels  and  nerves  of,  1243 
Blandin,  glands  of,  1140 
Blastodermic  vesicle,  46 
Blastopore,  47 
Blood,  composition  of,  525 
corpuscles,  525 

development  of,  527 
origin  of,  527 
course  of,  in  adult,  499 
in  fetus,  546 
islands,  500 
liquor  sanguinis,  525 
plasma,  525 
platelets,  527 

Bloodless  fold  of  Treves,  1170 
Bochdalek,  cornucopia  of,  804 
Body  or  Bodies,  anococcygeal, 
1195 

aortic,  1289 
carotid,  1292 
ciliary,  1017 
coccygeal,  1293 
geniculate,  817 
Malpighian,  of  kidney,  1232 
of  spleen,  1297 
olivary,  775 
of  penis,  1259 
perineal,  1195 
pineal,  1289 
pituitary,  820,  1285 
polar,  40 

quadrigeminal,  811 
restiform,  799 
of  stomach,  1173 
thyroid,  1279 
trapezoid,  793 
ultimo-branchial,  1282 
of  uterus,  1269 
of  a  vertebra,  94 
Body-stalk,  52,  56 
Bone  or  Bones,  ankle,  267 
arm.  208 
astragalus,  267 
atlas,  97 
axis,  98 
breast,  117 
calcaneus,  263 
calf,  260 

canaliculi  of,  87,  89 
cancellous  tissue  of,  84 
capitate,  226 
carpal,  221 
cells,  89 

chemical  composition  of,  89 
clavicle.  200 
coccyx,  109 
collar,  200 

compact  tissue  of,  84 
covering,  82 
cranial,  129 
cuboid,  269 

cuneiform,  of  carpus,  224 
of  tarsus,  270 
dermal,  82 
development  of,  84 
of  ear,  1052 
of  elbow,  214 
epistropheus,  98 
ethmoid,  151 
facial,  154 
femur,  242 
fibula,  260 
of  fingers,  227 
of  foot,  263 
frontal,  133 
hamate,  227 
of  hand,  221 

Haversian  canals  of,  87,  88 
systems  of,  87 
hip,  231 


Bone  or  Bones,  humerus,  208 
hyoid,  175 
ilium,  231 
incus,  1052 

inferior  nasal  conch®,  167 
innominate,  231 
interparietal,  130 
ischium ,  234 
lacrimal,  161 
lesser,  162 
lacunae  of,  87,  89 
lamell®  of,  87,  88 
lingual,  175 
of  lower  extremity,  231 
jaw,  170 
lunate,  224 
lymphatics  of,  87 
malar,  162 
malleus,  1052 
mandible,  170 
marrow  of,  85 
maxill®,  155 
maxillary,  170 
medullary'  artery  of,  80 
membrane  of,  85 
metacarpal,  227 
metatarsal,  272 
minute  anatomy  of,  87 
multangular,  greater,  225 
lesser,  225 
nasal,  154 

navicular,  of  carpus,  222 
of  tarsus,  270 
nerves  of,  87 
number  of,  in  body,  77 
nutrient  artery  of,  86 
occipital,  127 
os  calcis,  263 
cox®,  231 
magnum,  226 
ossification  of,  89 
palate,  164 
palatine,  164 
parietal,  131 
patella,  255 
pelvic,  238 

perforating  fibers  of,  88 
periosteum  of,  85 

lymphatic  capillaries  in,  688 
phalanges  of  foot,  275 
of  hand,  230 
pisiform,  225 
pubis,  236 
radius,  219 
ribs,  121 
sacrum,  104 
scaphoid,  of  foot,  270 
of  hand,  222 
scapula,  202 
semilunar,  224 
sesamoid,  277 
shin,  256 
sphenoid,  145 
sphenoidal  conch®,  150 
stapes,  1053 
sternum,  1J7 

strength  of,  compared  with 
other  materials,  85 
structure  and  physical  proper¬ 
ties  of,  84 
sutural,  154 
talus,  267 
tarsal,  263 
temporal,  136 
thigh,  242 
tibia,  256 
trapezoid,  225 
triangular,  224 
turbinated,  167 
ulna,  214 
unciform,  227 
of  upper  extremity,  200 
jaw,  155 
veins  of,  87 

vertebra  prominens,  99 
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Bone  or  Bones,  vertebr®,  cervi¬ 
cal,  95 

coccygeal,  104 
lumbar,  102 
thoracic,  100 
sacral,  104 
vessels  of,  80 
vomer,  168 
Wormian,  154 
zygomatic,  162 

Bony  landmarks  of  abdomen, 
1330 

of  back,  1320,  1323 
of  lower  extremity,  1302 
of  upper  extremity,  1348 
Bowman,  capsule  of,  1232 
glands  of,  1004 
membrane  of,  1015 
muscle  of,  1018 

Brachia  conjunctiva  of  cere¬ 
bellum,  798 

of  corpora  quadrigemina,  811 
pontis,  799 
Brachial  artery,  593 
branches  of,  594 
peculiarities  of,  594 
surface  marking  of,  1352 
cutaneous  nerve,  lateral,  940 
medial,  943 
posterior,  949 
fascia,  443 
plexus,  936 
veins,  667 

Brachialis  anticus  muscle,  445 
muscle,  445 

actions  of,  445 
nerves  of,  445 
variations  of,  445 
Brachiocephalic  artery,  555 
veins,  668 

Brachioradialis  muscle,  452 
actions  of.  457 
nerves  of,  457 
variations  of,  452 
Brain,  arteries  of,  578 
commissures  of,  815 
cornu  of,  posterior,  837 
development  of,  729 
divisions  of,  771 
dura  of,  878 
meninges  of,  878 
pathways  from,  to  spinal  cord, 
876 

pia  of,  884 

sensory  pathways  from  spinal 
cord  to,  857 

surface  markings  of,  1304 
veins  of,  656 
weight  of,  854 
Branchial  arches,  64 
grooves,  64 

Breadth  index  of  skull,  198 
Breast  bone,  117 
Breasts  or  mammae,  1277 
development  of,  1278 
Bregma,  176,  198 
Bregmatic  fontanelle,  196 
Bridge  of  nose,  998 
Brim  of  pelvis,  238 
Broad  ligaments  of  uterus,  1164, 
1270 

Broca,  cap  of,  828 

diagonal  band  of,  874,  875 
gyrus  of,  828 
limbic  lobe  of,  831 
parolfactory  area  of,  832 
Bronchi,  1093 
divisions  of,  1106 
eparterial,  1107 
hyparterial,  1107 
intrapulmonary,  1107 
left,  1094 

lymphatic  capillaries  in,  690 
right,  1094 

Bronchial  arteries,  604,  1108 


!  Bronchial  nerves,  919 
veins,  671,  1109 

Bronchomediastinal  trunks,  722 
Bronchus  dexter ,  1094 
sinister ,  1094 
Brunner’s  glands,  1186 
Bryant’s  triangle,  1365 
Buccce,  1121 
Buccal  artery,  568 

branches  of  facial  nerve,  911 
cavity,  1119 
glands,  1121 
nerve,  long,  901 
Buccinator  artery,  568 
I  muscle,  384 

relations  of,  385 
nerve,  901 

Bucco-nasal  membrane,  69 
Bucco-pharyngeal  fascia,  391 
membrane,  48 

Bulb  of  corpus  cavernosum  penis, 
1258 

of  eye,  1007 
hair,  1075 
olfactory,  832,  854 
of  posterior  cornu,  837 
spinal,  771 
vaginal,  1277 
of  vestibule,  1277 
Bulbar  arteries,  584 
Bulbocavernosus  muscle,  420,  431 
actions  of,  429,  431 
Bulbospinal  fasciculus,  860 
Bulbourethral  glands  of  Cowper, 
1263 

Bulbs  of  internal  jugular  vein,  652 
Bulbus  cordis,  502 
oculi,  1007 
olfactorius,  832 
vestibuli ,  1277 
Bulla  ethmoidalis ,  195,  1000 
Bundle  of  His,  543 
oval,  728 

of  Vicq  d’Azyr,  816,  819,  845, 
875 

Burdach,  tract  of,  758,  768 
Burns’  space,  390 
Bursa,  omental,  1165 

development  of,  1115 
omentalis,  1165 
pharyngeal,  1151 
prepatellar,  472 

Bursae  beneath  glutaeus  maxi- 
mus,  475 
mucosae,  283 
near  knee-joint,  347 
shoulder-joint,  319 


C 

Cacuminal  lobe,  796 
Calamus  scriptorius ,  805 
Calcaneal  arteries,  642,  643 
lateral,  642 
medial,  643 
nerve,  internal,  969 
medial,  969 
sulcus,  266 
tuberosity,  266 

Calcaneo-astragaloid  articulation, 
354 

ligaments,  354 

Calcaneo-cuboid  ligaments,  356 
surface  anatomy  of,  1365 
Calcaneo-navicular  ligaments, 357 
Calcaneo-tibial  ligament,  352 
Calcaneus,  263 
ossification  of,  275 
Calcar  avis,  837 
Calcarine  arteries,  585 
fissure,  826 
Calf  bone,  260 

Calicos  of  kidney.  1231,  1235 
Callosal  convolution,  831 


Callosal  fissure,  831,  834 
Calloso-marginal  fissure,  826 
Calyces,  renal,  1231 
Camper,  fascia  of,  409 
Canal  or  Canals,  adductor,  631 
Alcock’s,  422 
alimentary.  1109 
alveolar,  156 
atrial,  502 

auditory,  external,  1044 
carotid,  141,  179 
central,  of  medulla  spinalis,  759 
of  cervix  of  uterus,  1270 
condyloid,  129 
craniopharyngeal,  151 
ethmoidal,  136,  152 
femoral,  629 

Haversian,  of  bone,  87,  88 
of  Huguier,  139,  910,  1047 
Hunter’s,  631 
hyaloid,  1025 
hypoglossal,  129 
incisive,  160,  177 
infraorbital,  157 
inguinal,  419 
lacrimal,  1036 
mandibular,  171 
neural,  49 
neurenteric,  49 
of  Nuck,  1221,  1271 
of  Petit,  1026 
pharyngeal,  177 
pterygoid,  179 
pterygopalatine,  158,  166 
sacral,  108 
of  Schlemm,  1012 
semicircular,  1057 
membranous,  1060 
spermatic,  419 
spiral,  of  modiolus,  1059 
vertebral,  108 

Canales  semicirculares  ossei,  1057 
Canaliculi  of  bone,  87,  89 
dental,  1128 

Canaliculus,  inferior  tympanic, 
142,  180 

innominatus  of  Arnold,  148, 
note 

mastoid,  142,  180 
Canal  is  adductorius ,  631 

centralis  [medulla  spinalis],  759 
cochlea ,  141 
corvids  uteri ,  1270 
cranio  pharyngeus,  151 
inguinalis,  419,  1249 
reuniens  [of  Henson],  1060,  1062 
sacra  lis,  108 

semicircularis  lateralis,  1057 
posterior ,  1057 
superior,  1057 

Cancellous  tissue  of  bone,  84 
Canine  eminence,  156 
fossa,  156 
teeth,  1126 
Caninus  muscle,  383 
actions  of,  383 
nerves  of.  383 
Canthi  of  eyelids.  1032 
Cap  of  Broca,  828 
Capillaries,  521 
bile,  1207 
lymphatic,  68S 
structure  of,  521 
Capitate  bone,  226 
Capitulum  fibulae,  260 
humeri ,  211 
mallei,  1052 
stapedis,  1053 

Capsula  articularis.  See  Indi¬ 
vidual  joints. 
externa,  843 
extrema,  841 
interna,  S42 
lent  is,  1026 
vasculosa  lentis,  1010 
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Capsular  artery,  middle,  614 
Capsule,  adipose,  of  kidney,  1230 
adrenal,  1290 
of  Bowman,  1232 
of  brain,  841,  842,  843 
of  Gli8son,  1167,  1204 
of  lens,  1026 
of  T6non,  1031 
Caput  caecum  colt ,  1187 
femoris,  242 
humeri ,  209 
pancreatis,  1210 
tali,  268 

Cardiac  cycle,  545 

ganglion  of  Wrisberg,  990 
glands  of  stomach,  1176 
muscular  tissue,  539,  544 
nerves,  cervical,  918 
from  sympathetic,  985 
from  vagus,  918 
great,  985 
inferior,  918 
middle,  985 
superior,  918 
thoracic,  918 
notch,  1105 

orifice  of  stomach,  1171 
plexus  of  nerves,  990 
veins,  646 
Cardinal  veins,  516 
Caroticoclinoid  foramen,  149,  192 
ligament,  151 

Caroticotympanic  artery',  572 
nerve,  1055 
Carotid  arch,  511 

development  of,  511 
artery,  common,  556 

branches  of  (occasional) , 
558 

peculiarities  of,  558 
surface  markings  of,  1314 
external,  558 
branches  of,  559 
surface  markings  of,  1314 
internal,  570 
branches  of,  572 
peculiarities  of,  571 
bodies,  1292 
canal,  141,  179 
ganglion,  983 
glands,  1292 
groove,  146,  192 
nerve,  internal,  983 
nerves  from  glossopharyngeal, 
915 

plexus,  983 
internal,  983 
sheath,  390 
triangles,  1315 

Carpal  arteries  from  radial,  598 
from  ulnar,  602 
bones,  221 
net-work,  598 

Carpometacarpal  articulations, 

Carpus,  221 

articulations  of,  330 
ossification  of,  230 
surface  form  of,  1344 
Cartilage  or  Cartilages,  articular, 
281 

arytenoid,  1083 
of  auricula,  1042 
corniculate,  1083 
costal,  125,  281 
cricoid,  1082 
cuneiform,  1083 
of  epiglottis,  1083 
epiphysial,  91 
ethmovomerine,  169 
hyaline,  280 
intrathyroid,  1082 
lacuns,  280 
of  larynx,  1081 
structure  of,  1084 


Cartilage  or  Cartilages,  lateral, 
999 

nasal,  999 
of  nose,  998,  999 
Meckel’s,  65,  172 
permanent,  280 
of  pinna,  1042 
of  Santorini,  1083 
of  septum  of  nose,  999 
sesamoid,  1000 
temporary,  280,  281 
thyToid,  1081 
of  trachea,  1095 
vomeronasal,  1002 
white  fibro-,  280,  282 
of  Wrisberg,  1083 
Cartilagines  alares  minor es,  999 
arylcenoidecc,  1083 
comiculatce.  1083 
costales,  125 
cuneiformes,  1083 
laryngis ,  1081 
nasi .  998 

Cartilaginous  vertebral  column, 
79 

CartUago  alaris  major ,  999 
crus  later  ale,  1000 
medicUe ,  1000 
auriculae ,  1042 
cricoidea,  1082 
epiglottica,  1083 
nasi  lateral  is,  999 
septi  nasi ,  998 
thyreoidea,  1081 
triticea,  1085 

Caruncula  lacrimalis,  1035 
Carunculcc  hymenales ,  1277 
Cauda  equina ,  755 
helicis,  1042 
pancreatis,  1211 
Caudal  fold  of  embryo,  52 
Caudate  lobe  of  liver,  1202 
nucleus,  839 
process  of  liver,  1202 
Caudatum,  839 
Cavernous  arteries,  572 
nerves  of  penis,  995 
plexus,  984 

portion  of  urethra,  1245 
sinuses,  662 
nerves  in,  906 
spaces  of  penis,  1260 
Cavity  or  Cavities,  amniotic,  55 
body  or  celom,  49 
buccal,  1119 
cotydoid,  237 
glenoid,  207 
of  lesser  pelvis,  239 
mediastinal,  1099 
of  mouth  proper,  1119 
nasal,  194,  1000 
oral,  1119 
peritoneal,  1160 
of  septum  pellucidum,  846 
sigmoid,  of  radius,  220 
of  ulna,  215 
subarachnoid,  882 
subdural,  8hl 
of  thorax,  527 
tympanic,  1046 

mucous  membranes  of,  1054 
of  uterus,  1270 
Cavum  conchce,  1042 
laryngis,  1086 
Meckclii,  892 
nasi,  194,  1000 
oris,  1119 

proprium,  1119 
septi  pellucidi,  846 
subarachnoideale,  882 
hjrnjxnii,  paries  carotica,  1050 
labyrinthica,  1048 
mastoidea,  1050 
tympanum,  1045 

jxiries  jugularis,  1046 


Cavum  tympanum,  paries  mem- 
branacea,  1046 
tegmentalis ,  1046 
uteri,  1270 
Cecal  arteries,  611 
fossae,  1170 
Cecum,  1187 
lymphatic  vessels  of,  715 
Celiac  artery,  607 
axis,  607 

branches  of  vagus  nerve,  919 
ganglion,  991 
plexus,  991 

Cell  or  Cells,  animal,  35 
basket,  of  cerebellum,  800 
of  Betz,  851 
of  bone,  89 

centro- acinar,  of  Langerhans, 
1214 

chromaffin,  1289 
clasmatocytes,  369 
of  Claudius,  1066 
definition  of,  35 
of  Deiters,  1066 
divisions  of,  36 
of  Dogiel,  927 
enamel,  1132 

germinal,  of  medulla  spinalis, 
727 

giant,  86 
of  Betz,  851 
of  Golgi,  851 
of  fundus  glands,  1176 
granule,  369 
gustatory,  997 
of  Hensen,  1066 
lamellar,  369 
of  Martinotti,  851 
mass,  inner,  46 
intermediate,  49 
Mastzellen,  369 
membrane,  36 
nerve,  743 
nucleus  of,  36 
olfactory',  1003 
pigment,  369 
plasma,  369 
of  Purkinje,  800 
reproduction  of,  36 
of  Sertoli,  1253 
of  spinal  ganglia,  752,  923 
splenic,  1296 
structure  of,  35 
vasoformative,  500 
wandering,  369 
Celia,  835 

CelluUe  ethmoidales,  1005 
Cement  of  teeth,  1129 
formation  of,  1 133 
Centers  of  ossificat  ion,  91 
visual,  820 

Central  artery  of  retina,  575 
canal  of  medulla  spinalis,  759 
cells  of  fundus  glands,  1176 
fissure,  825 

gray  stratum  of  cerebral  aque¬ 
duct,  812 

ligament  of  medulla  spinalis, 
885 

i  lobe,  831 

nervous  system,  725 
part  of  lateral  ventricle,  835 
sulcus,  825 

tendinouspointof  perineum, 428 
tendon  of  diaphragm,  407 
tract  of  cranial  nerves,  811 
of  trigeminal  nerves,  811 
Centrifugal  nerve  fibers,  751 
Centriole,  36 

bodies  of  ovum,  40 
of  spermatozoon,  42 
Centripetal  nerve  fibers,  751 
Centroacinar  cells  of  Langerhans, 

|  1214 

i  Centrosome,  36 
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Centrosphere,  36 
Centrum  ovale  maju s,  S34 
minus ,  833 

Cephalic  flexure  of  embryonic 
brain,  729 
fold  of  embryo,  52 
index,  198 

portion  of  sympathetic  system, 
983 

vein,  665 

accessory’,  666 

Ceratohyal  of  hyoid  bone,  176 
Cerebellar  arteries,  584 
fasciculus,  direct,  763 
notches,  794 
peduncles,  799 
tract,  direct,  766,  783 
of  Flechsig,  766 
veins,  657 
Cerebellum,  794 

brachia  conjunctiva ,  798 
pontis,  799 

cingulate  fissures  of,  826 
development  of,  733 
fibres  propria ,  800 
gray  substance  of,  800 
lobes  of,  794 
nucleus  dentatus ,  802 
peduncles  of,  799 
structure  of,  797 
surfaces  of,  795,  796 
vermis  of,  794 
white  substance  of,  797 
Cerebral  arteries,  anterior,  575 
middle,  576 
posterior,  584 
aqueduct,  812 
cortex,  nerve  cells  of,  851 
fibers  of,  852 
structure  of,  851 
types  of,  853 
fissure,  lateral,  825 
hemispheres,  823 
borders  of,  824 
cingulum  of,  849 
development  of,  777 
fibers  of,  association,  849 
commissural,  849 
projection,  849 
transverse,  849 
fissures  of,  825 
gray  substance  of,  851 
gyri  of,  827 
interior  of,  833 
lobes  of,  827,  828 
localization  of,  855 
nerves,  887.  See  Cranial 
nerves, 
poles  of,  824 
structure  of,  848 
sulci  of,  826.  827,  828 
surfaces  of.  824 
white  substance  of,  848 
peduncles.  806 
structure  of,  806 
veins,  656 

ventricles,  803,  821,  835 
Cerebrospinal  fasciculus,  764.  765 
fibers  of  internal  capsule,  842 
fluid,  886 

Ceruminous  glands,  1045 
Cervical  artery,  ascending,  585 
deep,  589 
superficial,  5s6 
trans verst.*,  5*6 
branch  of  facial  nerve,  911 
cardiac  nerves,  918 
enlargement  of  medulla  spin¬ 
alis,  757 
fascia.-  389 

ganglion.  984.  985.  986 
lymph  glands.  701,  702 
muscles,  lateral.  3*9 
nerve,  cutaneous  or  transverse, 
933 


Cervical  nerve  of  facial,  911 
nerves,  927 

divisions  of,  anterior,  931 
posterior,  927 
pleura,  1097 
plexus,  931 

branches  of,  932,  933 
portion  of  sympathetic,  984 
rib,  100.  126 
veins,  655 
vertebrae,  95 

Cervicalis  ascendens  muscle,  400 
Cervix  uteri ,  1270 

portio  supravaginalis ,  1270 
vaginalis,  1270 
of  uterus,  1270 
Chambers  of  eye,  1019 
Check  ligaments,  297 
of  eye.  1031 
Cheeks,  1121 
Chest,  114 

Chiasma,  optic,  820,  889 
opticum,  820,  889 
Chiasmatic  groove,  145,  192 
Choan®,  178,  196,  1000 
Chondrin,  283 
Chondrocranium,  82 
Chondro-epitrochlearis  muscle, 
438 

Chondroglossus  muscle,  1139 
Chondromucoid,  283 
Chondrosternal  ligament,  302 
intra-articular,  303 
Chondroxiphoid  ligaments,  304 
Chorda  obliqua,  326 
tympani  nerve,  910 
Chorda  tendinea ,  535 
Willisi,  659 
Chordal  furrow,  51 
Chorioidea,  1011 
lamina  choriocapillaris ,  1017 
v asculosa,  1017 
Chorion,  59 
frondosum,  61 
l®ve.  60 

Chorionic  villi,  59 
Choroid  artery’,  578 
coat  of  eyeball,  1016 
structure  of,  1017 
plexuses  of  fourth  ventricle,  804 
of  lateral  ventricle.  846 
of  third  ventricle,  821 
vein,  659 

Choroidal  artery’,  anterior,  578 
posterior,  585 
fissure,  847,  1009 
Chromaffin  cells,  1289 
Chromaphil  and  cortical  svstems, 
1289 

development  of,  1289 
Chromatin,  36 
Chromosomes,  37 
Chyle,  687 

Chvliferous  vessels,  687 
Cilia,  1032 
Ciliaris  muscle,  1018 
Ciliary’  arteries,  575 
body’,  1017 
ganglion,  S94 
glands,  1032 
muscle,  1018 
nerves,  894 
processes,  1017 

Cingulate  fissures  of  cerebellum, 
826 

gyrus,  S3 1 
sulcus,  826 

Cingulum  of  cerebral  hemisphere. 
849 

of  teeth,  1125 

Circle,  arterial,  of  Willis,  578 
Circular  folds  of  small  intestine, 
H83 

sinus,  663 
sulcus,  827,  831 


Circulating  fluids,  525 
Circulation  of  blood  in  adult,  499 
in  fetus,  546 

Cir  cuius  arteriosus  major ,  575, 
1021 

minor,  575,  1021 
venosus  (mamma],  1279 
Circumduction,  286 
Circumferential  fibrocartilage,  2*2 
Circumflex  arteries,  femoral,  634 
humeral,  593 
nerve,  940 

Circuminsular  fissure,  827 
Gircumvallate  papillae,  1135 
Cistema  basalis ,  882 
chyli,  695 

cerebellomedullaris ,  882 
chiasmatis ,  883 
fossa  cerebri  lateralis ,  883 
inter peduncularis,  882 
magna,  882 
pontis ,  882 

vena  magna  cerebri,  883 
Cistern®  subarachnoid,  882 
subarachnoidales,  882 
Clarke’s  column,  763 
Clasmatocy’tes,  369 
Claudius,  ceils  of,  1066 
Claustrum,  841 
Clava,  775 
Clavicle,  200 

ossification  of,  202 
peculiarities  of,  in  sexes,  202 
structure  of,  202 
surface  anatomy  of,  1341 
Clavicula,  200 
Clavipectoral  fascia,  438 
Cleft  palate,  199 
Cleidohyoideus  muscle,  394 
Clinging  fibers  of  cerebellum,  802 
Ciinoid  processes,  anterior,  149, 
192 

middle,  145,  192 
posterior.  145,  192 
Clitoris,  1276 
frenulum  of.  1276 
glans  of,  1276 
nerves  of,  974 
prepuce  of,  1276 
Clivus  of  sphenoid,  146 

monticuli  of  cerebellum,  796 
Cloaca,  ectodermal,  1118 
entodermal,  1118 
pelvic  portion  of,  1222 
phallic  portion  of,  1223 
vesicourethral  portion  of,  1222 
Cloacal  duct,  1118 
membrane,  1118 
tubercle,  1223 

Cloquetv  lymph  gland  of,  707 
Closing  membranes,  64 
Coarctation  of  aorta,  554 
Coccygeal  arteries,  624 
body,  1293 
cornua,  109 
gland,  1293 

nerve,  division  of,  anterior.  963 
posterior,  931 
plexus,  974 

Coccygeus  muscle,  425 
actions  of,  425 
nerves  of,  425 
Coccyx,  109 

ossification  of,  112 
Cochlea,  1058 

aqueduct  of,  142,  ISO 
cupula  of,  1058,  1059 
hamulus  lamina  spiralis,  1059 
helicotrema  of,  1059 
lamina  spiralis  os  sea,  1059 
modiolus  of,  1058 
seal®  of,  1059 
spiral  canal  of,  1059 
lamina  of,  1059 
vessels  of,  1067 
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Cochlear  artery,  1067 
nerve,  912,  1067 

composition  and  central  con¬ 
nections  of,  863 
nuclei,  794,  912 
root  of  acoustic  nerve,  912 
Cochleariform  process,  143,  1050 
Cog-tooth  of  malleus,  1052 
Cohnheim,  areas  of,  367 
Colic  arteries  of  ileocolic,  613 
left,  614 
middle,  613 
right,  613 

flexures,  right  and  left,  1190 
impression,  1199 
valve,  1189 
Collar  bone,  200 
Collateral  circulation,  550 
eminence,  839 
fissure,  826 
ganglia,  983 

Collecting  tubes  of  kidney,  1233 
Colles,  fascia  of,  235,  410,  427 
Colliculi,  inferior,  811,  812 
superior,  811,  812 
Colliculus  of  arytenoid  cartilage, 
1083 

facialis,  805 
inferior ,  812 
nervi  optici ,  1022 
superior,  812 
Collum  anatomicum,  209 
femoris ,  243 
mallei,  1052 
tali,  209 

Coloboma,  1009 
Colon,  1190 
ascendens,  1190 
ascending,  1190 
descendens,  1191 
descending,  1191 
iliac,  1192 

left  or  splenic  flexure  of,  1191 
pelvic,  1192 

right  or  hepatic  flexure  of,  1190 
sigmoid,  1192 
sigmoideum,  1192 
structure  of,  1194 
tela  submucosa ,  1196 
transverse,  1190 
transversum ,  1190 
tunica  mucosa,  1196 
muscularis ,  1195 
serosa ,  1194 

vessels  and  nerves  of,  1197 
Colored  lines  of  Retzius,  1129 
or  red  corpuscles,  525 
Colorless  corpuscles,  526 
Colostrum  corpuscles,  1279 
Columna  anterior  [medulla  spin¬ 
alis].  758 
fornicis,  844 

lateralis  [medulla  spinalis],  758 
nasi,  998 

posterior  [medulla  spinalis],  758 
vertebralis,  94 
Columnar  carneae,  535 
Columns  of  Clarke,  763 
of  fornix,  844 

of  medulla  spinalis,  761,  762, 
763 

rectal,  of  Morgagni,  1195 
renal,  1231 
of  vagina,  1274 
vertebral,  94 

Comes  nervi  phrenici,  588 
Comitans  nervi  ischiadici,  624 
Comma-shaped  fasciculus,  769 
Commissura  laborium  anterior, 
1275 

palpebrarum  lateralis,  1032 
medialis,  1032 

Commissural  fibers  of  cerebral 
hemispheres,  849 
Commissure  of  brain,  815 
87 


Commissure  of  brain,  anterior, 
752,  846 

middle  or  gray,  815 
posterior,  748,  818 
of  corpus  callosum,  752 
habenular,  818 
hippocampal,  844,  875 
of  Gudden,  820 
of  labia  majora,  1275 
of  medulla  spinalis,  anterior 
and  posterior  gray,  759 
anterior  white,  757 
optic,  820 

Commissures,  palpebral,  1032 
Common  bile  duct,  1208 
lymphatics  of,  716 
carotid  artery,  556 
dental  germ,  1131 
iliac  arteries,  617 
glands,  708 
veins,  681 
integument,  1070 
interosseous  artery,  600 
ligament,  287 
peroneal  nerve,  970 
Communican8  fibularis  nerve,  970 
tibialis  nerve,  968 
Communicantes  cervicales  nerves, 
934 

Communicating  artery,  anterior, 
575 

from  dorsalis  pedis,  641 
posterior,  577 
Compact  tissue  of  bone,  84 
Comparison  of  bones  of  hand  and 
foot,  276 

Complexus  muscle,  401 
Composition  and  central  connec¬ 
tions  of  cranial  nerves, 
861 

of  spinal  nerves,  855 
Compressor  naris  muscle,  382 
Concha  of  auricula,  1042 
nasal,  inferior,  167 

articulations  of,  168 
ossiffication  of,  168 
middle,  154 
superior,  154 
nasalis  inferior ,  167 
Conchse,  sphenoidal,  150 
sphenoidales ,  150 
Conchal  crest,  158,  165 
Condyle  of  mandible,  172 
Condyles  of  femur,  247 
occipital,  129 
of  tibia,  256,  257 
Condyloid  articulation,  286 
canal,  129 

foramen,  anterior,  129 
fossa,  129,  180 
process  of  mandible,  172 
Cone  of  attraction,  45 
bipolars  of  retina,  1024 
granules  of  retina,  1024 
of  origin  of  axon,  746 
Cones  of  retina,  1024 
Confluence  of  sinuses,  129,  662 
Confluens  sinuum,  662 
Coni  vasculosi,  1254 
Conical  papilla?,  1136 
Conjoined  tendon  of  internal 
oblique  and  transversalis 
muscles,  415 

Conjugate  diameter  of  pelvis,  239 
Conjunctiva,  1033 
Connecting  fibrocartilages,  282 
Connective  tissue, extraperitoneal. 
419 

Conoid  ligament,  315 
tubercle,  200 

Constriction  .duodenopyloric,  1172 
Constrictor  muscles,  1142 

pharyngis  inferior  muscle,  1151 
medius  muscle,  1152 
superior  muscle,  1153 


Constrictor  urethr®  muscles,  430, 
432 

Conus  arteriosus,  534 
elasticus  [larynx],  1086 
medullari8,  754 

Convoluted  tubes  of  kidney,  1233 
Convolution,  callosal,  831 
frontal,  ascending,  827 
occipitotemporal,  829 
parietal,  ascending,  829 
Cooper,  ligament  of,  413 
Copula,  1112 
I  Cor,  530 

Coracoacromial  ligament,  316 
Coracobrachialis  muscle,  444 
actions  of,  445 
nerves  of,  445 
variations  of,  444 
Coracoclavicular  fascia,  438 
Coracohumcral  ligament,  319 
Coracoid  process,  207 
tuberosity,  200 
Cord,  gangliated,  982 
spermatic,  1249 
spinal,  754 
umbilical,  56 
vocal,  false,  1087 
inferior,  1087 
superior,  1087 
true,  1087 

Corium  or  cutis  vera,  1073 
layers  of,  1073,  1074 
stratum  papillare.  1074 
reticular  e,  1078 
Cornea,  1013 
structure  of,  1014 
Corneal  corpuscles,  1015 
endothelium,  1016 
epithelium,  1014 
spaces,  1015 

Corniculate  cartilages,  1083 
Cornu  anterius,  836 
inferior,  837 
of  medulla  spinalis,  758 
posterius,  837 
Cornua  of  coccyx,  109 
of  hyoid  bone,  176 
of  lateral  ventricles,  836,  837 
majora  [os  hyoidei ],  176 
minora  [os  hyoidei ],  176 
of  sacrum,  106 

of  thyroid  cartilage,  1081,  1082 
Cornucopia  of  Bochdalek,  804 
Corona  glandis,  1259 
radiata  [brain],  843 
[ovum],  40 

Coronal  suture,  176,  181 
Coronary  arteries,  562 
of  lips,  562 
of  stomach,  607 
artery  of  heart,  553 

peculiarities  of.  554 
ligament  of  liver,  1160 
ligaments  of  knee,  345 
plexuses,  991,  993 
sinus,  646 

opening  of,  534 
sulcus  of  heart,  531 
veins,  646 

of  stomach,  686 
Coronoid  fossa,  212 

process  of  mandible,  172 
of  ulna,  214 

Corpora  cavernosa,  penis,  1258 
bulbs  of,  1258 
crura  of,  1258 
mammillaria,  819 
quadrigemina,  811 
brachia  of,  811,  812 
structure  of,  812 
Corpus  albicantia,  819 
Arantii,  536 
callosum,  834 

development  of,  740 
genu  of,  834 
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Corpus  callosum ,  peduncle  of,  833 
rostrum  of,  834 
splenium  of,  834 
cavernosum ,  artery  to,  624 
urethra,  1258 
ciliare,  1017 
femoris,  246 
fibula ,  260 
fomicis ,  844 
geniculatum  later  ale,  817 
mediate,  817 
Highmori,  1252 
humeri,  211 
incudis,  1052 
luteum,  1266 
maxilla,  156 
oss.  hyoidei,  175 
tfii.  231 
ischii ,  234 
pubis,  236 
pancreatis,  1211 
papillare  [corium],  1074 
penis,  1259 
pineale,  818 
radii,  219 
sphenoidale ,  145 
spongiosum,  1258 
sterni,  118 
striatum,  839 
vein  of,  844 
subthalamicum,  818 
tali,  268 
tibia,  257 
ulna,  215 
uteri,  1269 
vertebra,  94 
vitreum,  1025 
Corpuscles,  colored,  525 
colorless,  526 
genital,  1068 

of  Golgi  and  Mazzoni,  1069 
of  Grandry,  1068 
of  Hassall,  1284 
of  Herbst,  1069 
Pacinian,  1068 
renal,  1231,  1232 
of  Ruffini,  1069 
of  Wagner  and  Meissner, 
1069 

Corrugator  cutis  ani  muscle,  426 
muscle,  381 
actions  of,  382 
nerves  of,  382 
supercilii  muscle,  381 
Cortex  of  cerebellum,  800 
of  cerebrum,  851 
Corti,  ganglion  of,  1059,  1067 
organs  of,  1064 
pillars  or  rods  of,  1064 
Bpiral  organ  of,  1064 
tunnel  of,  1065 

Cortical  arches  of  kidney,  1231 
arterial  system  of  brain,  578 
portion  of  suprarenal  gland, 
1291 

substance  of  kidney,  1231 
of  lens,  1027 
visual  center,  *88 
Corticostriate  fibers,  841 
Costa:,  121 

Costal  cartilages,  125,  281 
element  or  process,  96 
groove,  122 
pleura,  1097 
tuberosity,  202 
Costocentral  articulation,  299 
Costocervical  trunk,  589 
Costochondral  articulations.  301 
Costocoraeoid  ligament,  438 
membrane,  438 
Cortocoracoideus  muscle,  438 
Costomediastinal  sinus,  1099 
Costosternal  articulations,  302 
Costotransverse  articulations,  301 
ligaments,  301 


Costovertebral  articulations,  299 
ligament,  anterior,  299 
Costoxiphoid  ligament,  304 
Cotyloid  cavity,  237 
ligament,  237 
Covering  bones,  82 
Coverings  of  ovum,  40 
of  testes,  1246 
Cowper’s  glands,  1263 
Coxal  articulation,  335 
movements  of.  340 
muscles  in  relation  to,  340 
Cranial  arachnoid,  882 
bones,  127 
dura  mater,  878 
fossa,  anterior,  190 
middle,  191 
posterior,  193 
nerves,  887 
abducent,  905 
accessory,  919 
acoustic,  911 

composition  and  central  con¬ 
nections  of,  861 
development  of,  741 
facial,  907 

glossopharyngeal,  912 
hypoglossal,  920 
oculomotor,  890 
olfactory,  887 
optic,  888 
tracts  of,  810,  811 
trigeminal,  892 
trochlear,  891 
vagus,  916 
pia  mater,  885 
sympathetica,  976 
Craniology,  197 
Cranium,  126 
bones  of,  127 
breadth  of,  198 
development  of,  80 
height  of,  198 

horizontal  circumference  of,  198 
length  of,  198 
longitudinal  arc  of,  198 
membranous,  80 
Cremaster  muscle,  415 
Cremasteric  artery,  627 
fascia,  415 

Crescents  of  Gianuzzi,  1145 
Crest  or  Crests,  basilar,  1062 
conchal,  158,  165 
ethmoidal,  159,  165 
frontal,  134 
of  ilium,  234 
incisor,  161 

infratemporal,  148,  182 
internal  occipital,  129,  194 
intertrochanteric,  246 
lacrimal,  159,  162 
nasal,  161,  165 
neural,  49.  728 
obturator,  236 
of  pubis.  236 
of  right  atrium,  533 
sphenoidal,  147 
supramastoid,  137 
of  tibia,  257 

of  tubercles  of  humerus,  209 
urethral,  in  female,  1246 
in  male,  1244 

1  Cribriform  plate  of  ethmoid,  151 
i  Cricoarytienoideus  lateralis  mus¬ 
cle,  1091 

posterior  muscle,  1091 
Cricoarytenoid  ligament,  1086 
j  muscles,  1091 
j  Cricoid  cartilage,  1082 
Cricothyreoideus  muscle,  1090 
'  Cricothyroid  artery,  559 
ligament,  middle,  1086 
membrane,  1086 
muscle,  1090 

Cricotracheal  ligament,  1075 


Crista  arcuata  [arytenoid  car¬ 
tilage],  1083 
colli  costa,  121 
falciformis,  141 
galli,  151 

terminalis  [of  His],  503,  504 
v  estibuli,  1055 

Crossed  commissural  fibers,  760 
pyramidal  tract,  765 
Crosses  of  Ranvier,  748 
Crown  of  a  tooth,  1126 
Crucial  anastomosis,  634 
ligaments,  344 

Cruciate  crural  ligament,  491 
eminence  of  occipital  bone,  129 
ligament  of  atlas,  295 
ligaments  of  knee,  344 
Crura  cerebri,  806 
of  diaphragm,  406 
of  fornix,  846 
of  penis,  1258 
of  stapes,  1053 

of  subcutaneous  inguinal  ring, 
411 

Crural  arch,  deep,  420 
ligament,  transverse,  490 
nerve,  anterior,  961 
septum,  630 
sheath,  629 
Crureus  muscle,  472 
Crus  cerebri,  806 

commune  [semicircular  canals], 
1057 

fomicis ,  846 
helicis,  1042 
penis,  1258 

Crusta  or  pes  of  cerebral  peduncle, 
808 

petrosa  of  teeth,  1129 
formation  of,  1129 
Cruveilhier,  glenoid  ligaments  of, 
334,  361 

Crypts  of  Lieberkuhn,  1184 
Crystalline  lens,  1026 

cortical  substance  of,  1027 
development  of,  1009 
nucleus  of,  1027 
Cuboid  bone,  269 
Cuboideonavicular  articulation, 
358 

Culmen  monticuli  [cerebellum], 796 
Cuneate  nucleus,  775 
tubercle,  775 

Cuneiform  bone  of  carpus,  225 
of  tarsus,  first,  270 
second,  271 
third,  271 
cartilages,  1083 
tubercle,  1087 

Cuneocuboid  articulation,  359 
Cuneonavicular  articulation,  358 
Cuneus,  829 
Cup,  optic,  1008 
Cupula  of  cochlea,  1059 
of  pleura,  1097 

Curvatura  ventriculi  major ,  1172 
minor ,  1172 

Curvatures  of  stomach,  1172 
Curved  lines  of  ilium,  232,  233 
Curves  of  vertebral  column,  1 12 
Cushion  of  auditory  tube,  1150 
of  epiglottis,  1084 
Cushions,  endocardial,  505 
Cusp,  aortic,  538 
Cusps  of  bicuspid  valve,  538 
of  tricuspid  valve,  535 
Cutaneous  cervical  nerve,  933 
|  nerve,  external,  959 
internal,  943,  961 
lesser,  943 
middle,  961 
Cuticle,  1070 
Cuticula  dent  is,  1132 
Cutis  plate,  77 
vera  or  corium,  1073 
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Cutting  teeth,  1124 
Cuvier,  ducts  of,  515 
Cycle,  cardiac,  545 
Cymba  concha ,  1042 
Cystic  artery,  609 
duct,  1208 
vein,  686 
Cyton,  744 
Cytoplasm,  35 
Cytotrophoblast,  47 


D 

Dacryon,  189,  198 
Dartos  tunic,  1248 
Darwin,  auricular  tubercle  o 
1041 

Daughter  chromosomes,  38 
Decidua,  58 
basal  is,  59 
capsularis,  59 
development  of,  58 
parietalis,  59 
placentalis,  59 
stratum  compactum  of,  58 
spongiosum  of,  59 
unaltered  or  boundary  layer  o 
59 

vera,  59 

Decidual  cells,  58 
Decussation  of  lemniscus,  783 
of  optic  nerves,  889 
pyramidal,  772 
sensory,  783 

Deep  abdominal  ring,  419 
artery  of  penis,  621 
auricular  artery,  567 
cerebral  veins,  657 
cervical  artery,  589 
fascia,  389 
lymph  glands,  702 
vein,  655 
crural  arch,  420 
epigastric  artery,  627 
vein,  676 

external  pudic  artery,  633 
fascia  of  arm,  443 
of  forearm,  446 
femoral  artery,  633 
iliac  circumflex  vein,  677 
lingual  artery,  560 
muscles  of  back,  397 
palmar  arch,  599 
peroneal  nerve,  971 
petrosal  nerve,  898 
plantar  artery,  641 
Sylvian  vein,  657 
temporal  arteries,  568 
nerves,  901 

transverse  fascia  of  leg,  485 
Degeneration,  Wallerian,  764 
Deglutition,  1149 
Deiters,  cells  of,  1066 
nucleus  of.  794,  809 
Deltoid  ligament,  352 
muscle,  440 
tuberosity,  211 
Deltoideus  muscle,  440 
actions  of,  441 
nerves  of,  441 
variations  of,  441 
Demilunes  of  Heidenhain,  1145 
Demours,  membrane  of,  1015 
Dendrons  of  nerve  cells,  744 
Dent,  or  odontoid  process  of  axis, 
98 

serotinus,  1127 
Dental  artery,  inferior,  568 
posterior,  569 
canaliculi,  1128 
formulas,  1123 
furrow,  1131 
germs,  1131 
lamina,  1131 


Dental  nerve,  inferior,  902 
pulp,  1127 
sac,  1132 

Dentate  fissure,  832 
gyrus,  833,  874 
ligament,  886 
Dentes ,  1121 
canini ,  1125 
decidui ,  1127 
incisivi ,  1124 
molares,  1127  . 
permanentes,  1124 
prcemolares ,  1127 
Dentin,  1128 
formation  of,  1132 
inter  tubular,  1129 
secondary,  1129 
Dentinal  canaliculi,  1128 
fibers,  1128 
matrix,  1128 

sheath  of  Neumann,  1128 
tubules,  1128 

Depressions  for  arachnoid  granu¬ 
lations,  132 

Depressor  ala?  nasi  muscle,  382 
anguli  oris  muscle,  382 
labii  inferioris  muscle,  383 
septi  muscle,  382 
actions  of,  382 
nerves  of,  382 
variations  of,  382  j 

Dermal  bones,  82  i 

Dermic  coat  of  hair  follicle,  1075 
Dermis,  1073 

Descemet,  membrane  of,  1015 
Descendens  cervicalis  nerve,  934 
Descending  aorta,  602 
colon,  1191 

comma-shaped  fasciculus,  769 
oblique  muscle,  410 
palatine  artery,  569 
process  of  lacrimal  bone,  162 
ramus  of  hypoglossal  nerve,  922 
of  ischium,  235 
of  os  pubis,  237 
Descent  of  testis,  1220 
Detrusor  urina?  muscle,  1243 
Deutoplasm,  38 
Development  of  allantois,  53 
of  amnion,  55 
of  anal  canal,  1117 
of  aortic  arches,  510 
of  arteries,  508 
of  body  cavities,  71 
of  bone,  84 
of  brain.  729 

of  branchial  or  visceral  arches, 
64 

of  carotid  arch,  511 
of  chorion,  59 

of  chromaphil  and  cortical  sys¬ 
tems,  1289 

of  corpus  callosum,  740 
of  cranial  nerves,  741 
of  decidua,  58 
of  deciduous  teeth,  1131 
of  diencephalon,  735 
of  digestive  tube,  1110,  1112 
of  ear,  1037 

of  external  organs  of  genera¬ 
tion,  1223 
of  eye.  1008 
of  face,  66 

i  of  fetal  membranes,  53 
of  fore-brain,  734 
of  heart,  502 
of  hind-brain,  730 
of  hypophysis  cerebri,  1285 
of  joints,  279 
of  kidney,  1221 
of  limbs,  70 
of  liver,  1203 
of  lymphatic  system,  687 
of  mamma?,  1278 
of  medulla  spinalis,  754 


Development  of  mid-brain,  734 
of  mouth,  1110 
of  muscles,  364 
of  nervous  system,  725 
of  neural  groove  and  tube,  49 
of  nose,  66 
of  notochord,  51 
of  ovaries,  1217 
of  palate,  69 
of  palatine  tonsils,  1112 
of  pancreas,  1212 
of  parathyroid  glands,  1282 
of  permanent  teeth,  1133 
of  pharyngeal  pouches,  64 
of  placenta,  53,  61 
of  pons,  733 

of  primitive  segments,  52 
streak,  47 
of  prostate,  1223 
of  rectum,  1117 
of  respiratory  organs,  1079 
of  rhemencephalon,  737 
of  rhombencephalon,  730 
of  ribs,  79 

of  salivary  glands,  1111 
of  skeleton,  77,  79 
of  skin,  1070 
of  skull,  80 
of  spinal  nerves,  728 
of  spleen,  1294 
of  sternum,  80 
of  suprarenal  glands,  1290 
of  sympathetic  nervous  system, 
742 

of  teeth,  1130 
of  testis,  1220 
of  thymus,  1283 
of  thyroid  gland,  1279 
of  tongue,  1111 
of  umbilical  cord,  56 
of  urethra,  1225 
of  urinary  bladder,  1222 
and  generative  organs,  1215 
of  valves  of  heart,  508 
of  vascular  system,  500 
of  veins,  514 

of  venous  sinuses  of  dura  mater, 
518 

of  ventral  aorta,  510 
of  vertebral  column,  77 
of  visceral  arches,  64 
of  yolk-sac,  53 

Diagonal  band  of  Broca,  874,  875 
Diameters  of  pelvis,  239,  240 
Diaphragm,  lymphatic  vessels  of, 
721 

muscles  of,  405 
actions  of,  407 
nerves  of,  407 
variations  of.  407 
pelvic,  421,  1157 
urogenital,  429 
Diaphragma  sella,  880 
Diaphragmatic  lymph  glands,  720 
part  of  pelvic  fascia,  422 
pleura,  1097 
surface  of  heart,  522 
Diarthroses,  285 
Diaster,  38 
Diencephalon,  813 
development  of,  735 
Digastric  fossa,  139 
muscle,  392 
nerve  from  facial,  911 
triangle,  1317 
Digastricus  muscle,  392 
actions  of.  394 
nerves  of,  394 
variations  of,  393 
Digestion,  organs  of,  1109 
Digestive  apparatus,  1109 

development  of,  1110,  1112 
tube,  1109 

surface  markings  of,  1328 
Digital  arteries  of  foot,  644 
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Digital  arteries  from  superficial 
volar  arch,  602 
of  hand, 602 

fossa  of  epididymis,  1252 
of  femur,  244 

nerves  of  lateral  plantar,  969 
of  medial  plantar,  969 
of  median,  944 
of  musculocutaneous,  943 
of  radial,  949 
of  ulnar,  945 
veins  of  foot,  673 
of  hand,  664 

Digits,  articulations  of,  335 
Dilatator  naris  anterior  muscle, 
382 

action  of,  382 
nerves  of,  382 
posterior  muscle,  382 
action  of,  382 
nerves  of,  382 
pupillae  muscle,  1020 
tuba;  muscle,  1052 
Diploic  veins,  655,  656 
Direct  cerebellar  fasciculus,  763 
tract,  783 

of  Flechsig,  766 
pyramidal  tract,  764 
Discharge  of  ovum,  1266 
Discus  articular  is,  298 
proligerus,  1266 
Disk,  interpubic,  311 
optic,  1022 

Disks,  tactile,  of  Merkel,  1067 
Diverticulum  ilei ,  1182 
Meckel’s,  53,  1182 
Divisions  of  bronchi,  1106 
of  cells,  36 
Dobie’s  line,  367 
Dogiel,  cells  of,  927 
Dorsal  aorta,  512 
artery  of  penis,  624 
carpal  artery,  of  radial,  598 
of  ulnar,  602 
ligament,  459 

cutaneous  nerv  es,  969,  972 
fissure  of  medulla  oblongata, 773 
interossei  muscles,  465,  497 
interosseous  artery,  600 
nerve,  950 
lamina,  727 
mesogastrium,  1112 
metacarpal  arteries,  598 
veins,  667 
nasal  artery,  575 
nerve  of  penis,  974 
peripheral  band,  769 
pulmonary  nerves,  919 
scapular  nerve,  938 
spinal  artery,  583 
veins  of  penis,  680 
venous  arch  of  foot,  673 
net-work  of  hand,  664 
vestibular  nucleus,  794 
Dorsalis  hollucis  artery ,  641 
pedis  artery,  640 

branches  of,  f>41 
peculiarities  of,  640 
relations,  640 
surface  markings  of,  13(56 
scapula •  artery ,  592 
Dorsoepitrochlearis  brachii  mus¬ 
cle,  435 

Dorsomedian  fissure  of  medulla 
oblongata,  773 
Dorsum  ilii,  232 
lingua',  1134 
nasi,  998 
sella-,  145,  192 
of  tongue.  11.34 
Douglas,  pouch  of,  1162 
Drum,  1045 

Duct  or  Ducts,  accessory  pan¬ 
creatic,  1212 
of  Bartholin,  1145 


Duct  or  Ducts  of  Bellini,  1233 
of  bulbourethral  glands,  1263 
cloacal,  1118 
common  bile,  1208 
of  Cuvier,  515 
cystic,  1208 
ejaculatory,  1257 
frontonasal,  136 
of  Gartner,  1265 
hepatic,  1207 
lacrimal,  1035 
lactiferous,  1278 
of  liver,  1207 
lymphatic,  right,  695 
Mullerian,  1215 
nasolacrimal  or  nasal,  1037 
pancreatic,  1212 
parotid,  1143 
pronephric,  1215 
prostatic,  1244 
orifices  of,  1244 
of  Rivinus,  1145 
of  Santorini,  1212 
semicircular,  1060 
seminal,  1255 
Skene's,  1223 
Stcnsen’s,  1143 
sublingual,  1145 
submaxillary,  1144 
thoracic,  694 
thyroglossal,  1135,  1280 
vitelline,  53 
Wharton’s,  1144 
of  Wirsung,  1212 
Wolffian,  1215 
Ductless  glands,  1279 

chromophil  and  cortical  sys 
terns,  1289 
parathyroid,  1282 
pineal  body,  1289 
spleen,  1294 
suprarenals,  1290 
thymus,  1283 
thyroid,  1279 

Ductuli  aberrantes  [testis],  1256 
efferentes  [testis],  1254 
transversi  [epoophoronf,  1265 
Ductus  arteriosus,  546 
choledochus,  1208 
cochlcaris,  1062 
cysticus .  1208 
deferens,  1255 
ampulla  of,  1256 
structure  of,  1256 
ejaculatorii ,  1257 
endolymphaticus ,  1056,  1060 
fiepaticus%  1207 
lacrimalis,  1035 
longitudinalis  epodphori,  1265 
lymphaticus  dexter,  695 
nasolacrimalis,  1037 
pancreaticus  [W  irsung\\,  1212 
parotidcus,  1143 
Santorini,  1212 
semi  circular  es ,  1060 
8ubmaxillaris,  1144 
thoracicus,  694 
utriculosaccularis,  1060 
vcnosus,  546 

development  of,  515 
fossa  for,  1201 
obliterated,  685 
Duodenal  fossae,  1169 
glands,  1186 
impression,  1200 
Duodenojejunal  flexure,  1179 
fold,  1169 
fossa,  1169 

Duodenomesocolic  fold,  1169 
Duodenopyloric  constriction, 
1172 

Duodenum,  1178 
ascending  portion,  1180 
descending  portion,  1179 
horizontal  portion,  1180 


i  Duodenum,  lymphatic  vessels  of 
715 

preaortic  portion,  1180 
superior  portion,  1179 
suspensory  muscle  of.  1 180 
transverse  portion,  1180 
vessels  and  nerves  of,  1180 
Dura  mater,  cranial,  878 
arteries  of,  881 
endosteal  layer  of,  8M 
meningeal  layer  of,  881 
nerves  of,  881 
processes  of,  879 
structure  of,  881 
veins  of,  881 
encephali,  878 
spinal,  881 

structure  of,  882 
spinalis,  881 

venous  sinuses  of,  develop¬ 
ment  of,  518 
Dural  nerve,  917 


E 

Ear,  1037 

auricula  of,  1041 
muscles  of,  1043 
cochlea,  1058 
development  of,  1037 
external,  1041 
internal,  or  labyrinth.  1055 
meatus  acusticus  externus, 
1044 

membranous  labyrinth,  1059 
middle,  1045 
osseous  labyrinth,  1055 
pinna  of,  1041 
semicircular  canals  of,  1057 
tympanic  cavity  of.  1045 

mucous  membrane  of.  1054 
muscles  of,  1054 
ossicles  of,  1052 
vessels  and  nerves  of,  lu54 
vestibule  of,  1055 
Eberstaller,  medial  frontal  sulcu* 
of,  828 

Ectoderm,  48 
Ectodermal  cloaca.  1118 
Efferent  nerves,  751 
Eighth  nerve,  911 
Ejaculator  urinsp  muscle.  429 
Ejaculatory  ducts,  1257 
Elastic  fibrocartilage.  283 
laminse  of  cornea,  1015 
membrane  of  larynx,  1085 
Elbow  bone,  214 
Elbow-joint,  321 

anastomoses  around,  596 
movements  of,  324 
surface  anatomy  of,  1345 
markings  of,  1349 
vessels  and  nerves  of,  324 
Eleventh  nerve,  919 
Embryo,  growth  of,  74 
separation  of.  52 
Embryology.  35 
Embryonic  disk,  47 
pole,  46 

Eminence,  canine,  156 
collateral.  839 
cruciate,  128 
frontal,  133,  176,  181 
hypothenar,  457 
iiiopectineal,  234 
intercondyloid,  of  tibia,  256 
medial,  of  rhomboid  fossa,  >05 
parietal,  133,  176,  1>1 
pyramidal,  of  pons,  791 
of  tympanic  cavity,  1050 
thenar,  457 

Eminentia  arcuata ,  140 
articularis,  137 
collaterals,  839 
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Eminentia  pyramidal is,  1050 
saccular  is,  819 
Emissary  veins,  664 
Enamel  cells,  1132 
droplet,  1132 
epithelium,  1132 
fibers  or  prisms,  1129 
organ,  1132 
of  teeth,  1129 

formation  of,  1132 
Enarthrosis,  286 
Encephalon,  771 
End-arteries,  1234 
End-bulbs  of  Krause,  1068 
End-plates,  motor,  of  Kuhne,  752 
Endocardial  cushions,  505 
Endocardium,  539 
Endognathion,  199 
Endolymph,  1059 
Endomysium,  366 
Endoneurium,  749 
Endosteal  layer  of  dura  mater, 
881 

Endothelium,  corneal,  1016 
Enlargements  of  medulla  spinalis, 
756 

Ensiform  appendix,  119 
Entoderm,  49 
Entodermal  cloaca,  1118 
Entrance  of  larynx,  1087 
Eosinophil  corpuscles,  526 
Eparterial  branch  of  right  bron¬ 
chus,  1094,  1107 
Ependymal  layer,  727 
Epicardium,  539 
Epicondyles  of  femur,  247 
of  humerus,  212 
Epicranial  aponeurosis,  379 
Epidermic  coat  of  hair  follicle. 
1077 

Epidermis,  development  of,  1070 
structure  of,  1070 
Epididymis,  1251 
appendix  of,  1252 
Epidural  space,  881 
Epigastric  artery,  deep  or  in¬ 
ferior,  627 
peculiarities  of,  627 
surface  markings  of,  1336 
superficial,  633 
superior,  589 
lymph  glands,  708 
region,  1159 
vein,  deep,  676 
inferior,  676 
Epiglottis,  1083 

tubercle  or  cushion  of,  1084 
Epimysium,  366 
Epineurium,  749 

Epiotic  center  of  temporal  bone, 
144 

Epiphyses,  atavistic,  93 
pressure,  93 
traction,  93 

Epiphysial  cartilage,  91 
Epiphysis,  818,  1289 
Epiploic  foramen,  1166 
Epitrochleo-anconceus  muscle,  449 
Epistropheus,  98 
Epithalamus,  736,  818 
fasciculus  retrofierus  [of  Mey- 
nert],  818 

ganglion  habenula’,  818 
pineal  body,  818 

structure  of,  S18 
posterior  commissure,  818 
nucleus  of,  818 
trigonum  habenula ,  818 
Epithelium,  enamel,  1132 

germinal,  of  Waldeyer,  1219, 
1265 

stratified,  of  cornea,  1014 
Epitympanic  recess,  140,  1046 
Eponychium,  1074 
Epoophoron,  1216,  1265 


Equator  of  lens,  1026 
Erector  clitoridis  muscle,  43 1 
penis  muscle,  429 
spime  or  sacrospinalis  muscle, 

398 

Eruption  of  teeth,  1133 
Erythroblasts,  86 
Esophageal  arteries,  585,  604 
glands,  1156 

hiatus  in  diaphragm,  407 
nerves,  919 
plexus,  919 
Esophagus,  1154 

abdominal  portion  of,  1156 
cervical  portion  of,  1155 
lymphatic  vessels  of,  724 
nerves  of,  1156 
structure  of,  1156 
tela  submucosa,  1156 
thoracic  portion  of,  1155 
tunica  mucosa,  1156 
muscularis,  1156 
vessels  of,  1156 
Ethmoid  bone,  151 

articulations  of,  154 
cribriform  plate  of,  151 
crest,  159,  165 
foramina,  189 
horizontal  lamina  of,  151 
labyrinth  or  lateral  mass  of, 
152 

lamina  papyracea  of,  153 
os  planum  of,  153 
ossification  of,  154 
perpendicular  plate  of,  152 
uncinate  process  of,  153 
vertical  plate,  152 
Ethmoidal  arteries,  574 
canals,  136,  152 
cells,  154,  1005 
notch,  135 

process  of  inferior  nasal  concha, 
167 

spine,  145,  190 

Ethmovomerine  cartilage,  169 
Eustachian  tube,  1050 
valve,  534 

Excavation,  rectouterine,  1162 
retrovesical,  1162 
vesicouterine,  1162 
Exner,  plexus  of,  852 
Extensor  carpi  radialis  acces¬ 
sorius  muscle,  453 
brevis  muscle,  453 
actions  of,  457 
nerves  of,  457 
variations  ot,  453 
intermedius  muscle,  453 
longus  muscle,  453 
actions  of,  457 
nerves  of,  457 
variations  of,  453 
ulnaris  muscle,  455 
actions  of,  457 
nerves  of,  457 
variations  of,  455 
coccygis  muscle,  402 
digiti  quinti  proprius  muscle, 
455 

actions  of,  457 
nerves  of,  457 
variations  of,  455 
digitorum  brevis  muscle,  492 
actions  of,  492 
nerves  of,  492 
variations  of,  492 
communis  muscle,  453 
actions  of,  457 
nerves  of,  457 
variations  of,  455 
longus  muscle,  483 
actions  of,  484 
nerves  of,  484 
variations  of,  484 
hallucis  brevis  muscle,  492 


Extensor  hallucis  longus  muscle, 
483 

actions  of,  484 
nerves  of,  484 
variations  of,  483 
indicis  proprius  muscle,  457 
actions  of,  457 
nerves  of,  457 
variations  of,  457 
minimi  digiti  muscle,  455 
ossis  metacarpi  pollicis  muscle, 
456 

metatarsis  hallucis  muscle, 
483 

pollicis  brevis  muscle,  456 
actions  of,  457 
nerves  of,  457 
variations  of,  456 
longus  muscle,  456 
actions  of,  457 
nerves  of,  457 

primi  internodii  pollicis  muscle, 
456 

proprius  hallucis  muscle,  483 
secundi  internodii  pollicis 
muscle,  456 
Exterior  of  skull,  176 
External  abdominal  ring,  411 
acoustic  meatus,  1044 
arcuate  ligament,  406 
auditory  canal,  1044 
meatus,  1044 
calcaneal  artery,  642 
calcaneo-astragaioid  ligament, 
354 

canthus  of  eyelids,  1032 
circumflex  artery,  634 
cutaneous  nerve,  959 
geniculate  body,  817 
intercostal  muscles,  404 
jugular  vein,  surface  markings 
of,  1315 

lateral  ligament,  297,  324,  330 
ligament  of  malleus,  1053 
malleolar  artery,  639 
mammary  artery,  592 
oblique  muscle,  410 
plantar  artery,  643 
nerve,  969 
popliteal  nerve,  970 
pterygoid  muscle,  389 
nerve,  901 
pudic  arteries,  623 
respiratory  nerve  of  Bell,  939 
saphenous  vein,  674 
semilunar  fibrocartilage,  345 
spermatic  artery,  627 
facia,  1248 
nerve,  959 

sphincter  ani  muscle,  426 
Extraspinal  veins,  672 
Extremitas  acromialis  [clavicula], 
202 

sternalis  [clavicula],  202 
Extremity  of  penis,  1260 
Extrinsic  muscles  of  tongue, 
1138 

Eye,  1007 

vascular  tunics  of,  1016 
Eyeball  or  bulb  of  eye,  1007 
accessory'  organs  of  1028 
aqueous  humor,  1025 
capsule  of  T6non,  1031 
chambers  of,  1019 
choroid,  1016 
ciliary  body.  1017 
muscle,  1018 
processes,  1017 
conjunctiva,  1033 
cornea,  1013 
crystalline  lens,  1026 
development  of,  1008 
fascia  bulbi,  1031 
hyaloid  membrane,  1025 
iris,  1019 
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Eyeball,  orbiculus  ciliaris,  1017 
pupil,  1010 

pupillary  membrane,  1010 
refracting  media,  1025 
retina,  1021 

pigmented  layer  of,  1022 
proper,  1022 

supporting  frame-work  of, 
1024 

sclera,  1012 
tarsal  glands  of,  1033 
tunics  of,  1012 
fibrous,  1012 
vascular,  1016 
uvea,  1020 

vessels  and  nerves  of,  1028 
vitreous  body,  1025 
Eyebrows,  1032 
Eyelashes,  1032 
Eyelids,  1032 
canthus  of,  1032 
development  of,  1012 
structure  of,  1032 
surface  anatomy  of,  1311 
tarsi  of,  1032 
Eye-teeth,  1126 


F 

Face,  bones  of,  154 
development  of,  66 
lymphatics  of,  696 
surface  anatomy  of,  1306 
Facial  artery,  560 

surface  markings  of,  1314 
transverse,  565 
bones,  154 
canal,  hiattis  of,  140 
prominence  of,  1050 
lymph  glands,  698 
nerve,  907 

comix)sition  and  central  con¬ 
nections  of,  867 
sympathetic  efferent  fibers  of, 
976 

vein,  anterior,  649 
common,  649 
deep,  649 
posterior,  650 
transverse,  649 

Falciform  ligament  of  liver,  1160 
1202 

margin  of  fossa  ovalis,  470 
process  of  sacrotuberous  liga¬ 
ment,  309 

Fallopian  tubes,  1267 
Fallopius,  aqueduct  of,  promi¬ 
nence  of,  1050 

False  ligaments  of  bladder,  1241 
pelvis,  238 
ribs,  121 

vocal  cords,  1087 
Falx  aponeurotica  inguinalis,  415 
cerebelli,  879 
cerebri ,  879 
Fascia  or  Fasciae,  368 
of  abdomen,  409 
triangular,  413 
anal,  422 
of  ankle,  490 
antibrachial,  446 
antibrachii,  446 
of  arm,  443 
axillary,  437 
bicipital,  445 
brachial,  443 
brachii,  443 
buccopharyngeal,  391 
of  Camper,  409 
cervical,  388 
clavipectoral,  438 
of  Colics,  235,  410,  427 
colli,  389 

coracoclavicular,  43s 


Fascia  or  Fascia?,  coracoclavicu¬ 
lar  is,  438 
cremasteric,  415 
cribrosa,  469 
cruris,  482 
deep,  370 
of  deltoideus,  440 
dentata  hippocampi,  833 
diaphragmatic  part  of  pelvic, 
422 

dorsal,  of  foot,  492 
endopelvic,  423 
of  forearm,  446 
general  description  of,  369 
of  hand,  457 
iliaca,  467 
iliopectineal,  467 
infraspinala ,  442 
I  infraspinatous,  442 
!  infundibuliform,  419 
intercolumnar,  1248 
|  intercostal,  403 
intercrural,  412 
lata.  469 

falciform  margin  of,  470 
|  fossa  ovalis  of,  407 
i  iliotibial  tract  or  band  of,  469 
of  leg,  482 

deep  transverse,  485 
lumbar,  398 
lumlxxlorsal,  398 
I  masseteric,  386 
1  of  obturator  interims,  421 
i  orbital,  1032 

1  palmar,  461 

parotideomassetcric,  386 

pectoral,  436 

pelvic,  421 

plantar,  492 

pretracheal,  391 

prevertebral,  390 

of  piriformis,  422 

of  psoas  and  iliacus,  467 

of  quad  rat  us  1  umbo  rum,  420 

rectal,  423 

rectovesical,  423 

renal,  1230 

of  Scarpa,  409 

Sibson’s,  1098 

spermatic,  external,  412,  1248 
subscapular,  441 
subsea pularis,  441 
superficial,  369 
supraspinata,  441 
supraspinatous,  441 
temporal,  386 
of  thigh,  469 
of  thoracic  region,  436 
transversalis,  419 
triangular,  of  abdomen,  413 
of  upper  extremity,  432 
of  urogenital  diaphragm,  429, 
430,  431 
region,  427 
vertebral,  398 
vesical,  423 

Fasciculi ,  intrafusal,  1069 
longitudinales,  791 
Fasciculus,  bulbospinal,  860 
cerebrospinal,  764,  765,  876 
ccrcbrospinalis  anterior,  764 
lateralis,  765 
comma-shaped,  769 
cuneatus,  767 
gracilis,  767 

lateral  cerebrospinal,  765 
proper,  767 
spinothalamic,  767 
lateralis  proprius,  767 
of  Lissauer,  767 
longitudinal,  inferior,  850 
medial,  767,  790,  809 
posterior,  809 
superior,  N50 

l  mammlllo-iegmentalis,  873 


Fasciculus,  mammillo-thalamic, 
875 

occipitofrontal,  850 
olfactory,  846 
olivospinal,  766.  860 
perpendicular,  850 
pontospinal,  878 
posterior  proper,  769 
retroflexus  of  Meynert,  818 
rubrospinal,  766,  876 
secondary  sensory,  767 
solitarius,  791 

spinocerebellar,  dorsal,  766. 
783 

ventral,  766 
spinoolivary,  860 
spinotectal,  767,  860 
spinothalamic,  767 
superficial  antero-lateral,  860 
tectospinal,  765,  809,  877 
thalamomammillary.  845 
uncinate,  849 

ventral  spinothalamic,  765.  860 
vestibulospinal,  765,  809,  878 
Fasciola  cinerea ,  833 
Fauces,  arches  or  pillars  of,  1146 
isthmus  of,  1146 
muscles  of,  actions  of.  1149 
Female  genital  organs,  1264 
bulb  of  vestibule,  1277 
carun  culie  hymen  ales,  1277 
clitoris,  1276 
development  of,  1215 
epoophoron,  1265 
fourchette,  1276 
glands  of  Bartholin,  1277 
greater  vestibular,  1277 
hymen,  1276 
labia  majors,  1275 
minora,  1276 
mons  pubis,  1275 
navicular  fossa,  1277 
ovaries,  1264 
uterine  tubes,  1267 
uterus  or  womb,  1268 
vagina,  1274 
vestibule,  1276 
pronucleus,  41 
urethra,  1246 
Femoral  artery,  627 
branches  of,  633 
peculiarities  of,  633 
surface  marking  of,  1366 
canal,  629 

circumflex  arteries,  634 
cutaneous  nerve,  anterior,  961 
lateral,  957 
posterior,  965 
fossa,  630 
nerve,  961 
ring,  629 
septum,  630 
sheath,  629 
triangle,  630 
vein,  676 
Femur,  242 
architecture  of,  248 
inner,  of  upper,  24S 
of  distal  portion,  253 
condyles  of,  247 
epicondyles  of,  247 
head  of,  242 
neck  of.  243 
ossification  of,  255 
spiral  line  of,  245 
surface  anatomy  of,  1355 
trochanters  of,  244.  245 
Fenestra  cochlea  ,  1048 
ovalis,  1048 
rotunda,  1048 
vestibuli,  1048 
Fertilization  of  ovum,  44 
Fetal  membranes,  53 
Fetus,  circulation  in,  546 
foramen  ovale  in,  546 
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Fetus,  valve  of  inferior  vena  cava 
in,  546 

vascular  system  in,  peculi¬ 
arities  of,  545 
Fibers,  arcuate,  788 
dentinal,  1128 
intercolumnar,  411 
intercrural,  411 
intrafusal,  1069 
of  muscles,  366 
nerve,  743 

non-medullated,  749 
olfactory  projections,  875 
©liocerebellar,  787 
preganglionic,  860 
of  Purkinje,  544 
of  Remak,  749 

sus tentacular,  of  M  tiller,  1024 
of  tactile  discrimination,  860 
taste,  867 
of  Tomes,  1128 
touch,  860 

Fibres  inter crur ales,  411 
pontis  pro/undce,  791 
super ficiales,  791 
propria  [cerebellum],  800 
Fibrocartilage,  282 
circumferential,  282 
connecting,  282 
interarticular,  282 
intervertebral,  289 
semilunar,  of  knee,  344,  345 
stratiform,  283 
yellow  or  elastic,  283 
white,  282 

Fibrocartilaginous  lamina,  inter- 
pubic,  311 

Fibrous  capsule  of  Glisson,  1204 
pericardium,  529 
rings  of  heart,  539 
sheaths  of  flexor  tendons  of 
fingers,  450 
of  toes,  494 
tunic  of  kidney,  1230 
Fibula,  260 

nutrient  artery  of,  642 
ossification  of,  263  ^ 
surface  form  of,  1356 
Fibular  artery,  639 

collateral  ligament  of  knee- 
joint,  343 

Fifth  metacarpal  bone.  228 
metatarsal  bone,  274 
nerve.  892 
ventricle,  846 

Filiform  papillse  of  tongue,  1136 
Fillet,  medial,  809 
Filtration  angle  of  eye,  1014 
Filum  terminate,  755 
Fimbria  hippocampi ,  846 
ovarian,  1268 

Fimbria  of  uterine  tube,  1268 
Fimbriodentate  fissure,  833,  846 
Fingers,  bones  of,  227 
First  cuneiform  bone,  270 

dorsal  metacarpal  artery,  599 
metatarsal  artery,  640 
metacarpal  bone,  228 
metatarsal  bone,  272 
nerve,  887 

Fiasura  antitrayohelicina,  1042 
calcar  ina,  826 
cerebri  lateralis  [iSy/flu],  825 
longitudinalis,  824 
collateralis,  826 
hippocampi,  832 
mediana  anterior  [medulla?  ot 
longaUe],  772 
[spinalis],  757 

posterior  [medullffi  oblongata1 
773 

parietodccipitalis ,  826 
petrotympanica,  1046 
prima  [cerebellum],  733 
[rhinencephalon],  833 


Fissura  secunda  [cerebellum],  733 
Fissure  or  Fissures,  anterior  me¬ 
dian  of  medulla  spinalis,  757 
callosomarginal,  826 
of  cerebellum,  794,  795 
cingulate,  826 
development  of,  733 
floccular,  733 
horizontal,  795 
postcentral,  795 
postnodular,  733,  796 
postpyramidal,  796 
precentral,  795 
preclival,  795 
prepyramidal,  796 
of  cerebrum,  825 
calcarine,  826 
callosal,  831,  834 
central,  825 
collateral,  826 
development  of,  740 
external  rhinal,  737 
fimbriodentate,  833,  846 
hippocampal,  739,  832 
interlobular,  825 
I  lateral,  825 

longitudinal,  824 
parietooccipital,  826 
of  Rolando,  825 
of  Sylvius,  825 

i  transverse,  848 

choroidal,  847,  1009 
circuminsular,  827 
dentate,  832 
!  Glascrian,  138,  104G 
of  liver,  1201 
I  longitudinal.  824 

of  lungs,  1105 
of  medulla  oblongata.  773 
orbital,  inferior,  183,  189 
superior,  149,  189,  192 
petrooccipital,  180,  193 
petrosphenoidal,  180 
petrotympanic,  138,  178,  1046 
pterygoid,  149 
pterygomaxillary,  183 
of  Rolando,  710,  825 
sphenomaxillary,  183 
of  Sylvius,  740,  825_ 
tympanomastoid,  178 
I  vestibular,  1059 
,  Fixation  of  kidney,  1230 
!  muscles,  364 

,  Fiechsig,  cerebellar  tract  of,  766 
I  oval  area  of,  769 

Flexor  accessorius,  495 

longus  digitorum  muscle,  487 
muscle,  495 

brevis  minimi  digiti  muscle, 
465,  496 

|  carpi  radialis  muscle,  447 
actions  of,  451 
nerves  of,  451 
variations  of,  447 
|  ulnaris  muscle,  448 
actions  of,  451 
j  nerves  of,  451 

variations  of,  449 
1  digiti  quinti  brevis  muscle  of 
|  foot,  496 

actions  of,  497 
nerves  of,  497 
of  hand, 465 
actions  of,  465 
nerves  of,  465 

j  digitorum  brevis  muscle,  494 
>.  |  actions  of,  497 

nerves  of,  497 
variations  of,  494 
|,  longus  muscle,  487 

actions  of,  488 
nerves  of,  488 
variations  of,  487 
profundus  muscle,  449 
actions  of,  451 


Flexor  digitorium  profundus  mus¬ 
cle,  nerves  of,  451 
variations  of,  450 
sublimis  muscle,  449 
actions  of,  451 
nerves  of,  451 
variations  of,  449 
hallucis  brevis  muscle,  495 
actions  of,  498 
nerves  of,  497 
variations  of,  495 
longus  muscle,  487 
actions  of,  488 
nerves  of,  488 
variations  of,  487 
pollicis  brevis  muscle,  462 
actions  of,  463 
nerves  of,  463 
variations  of,  463 
longus  muscle,  450 
actions  of,  451 
nerves  of,  451 
variations  of,  450 
Flexure,  cervical,  729 
colic,  left,  1191 
right,  1190 
hepatic,  1190 
pontine,  730 
sigmoid,  1192 
splenic,  1191 
ventral  cephalic,  729 
Floating  ribs,  121 
Floccular  fissure,  733 
Flocculus,  797 

Floor  of  fourth  ventricle,  804 
Floor-plate  of  medulla  spinalis, 
726 

Fluid,  cerebrospinal,  883 
vitelline,  53 
Fluids,  circulating,  525 
Fold  or  Folds,  amniotic,  55 
aryepiglottic,  1087 
caudal,  52 
cephalic,  52 

duodenomesocolis,  1 169 
duodenojejunal,  1169 
gastropancreatic,  1166 
glossoepiglottic,  1083 
ileocecal,  1170 
malleolar,  1047 
rectovesical,  1164 
rectouterine,  1271 
sacrogenital,  1164,  1271 
salpingopalatine,  1151 
salpingopharyngeal,  1151 
transverse,  of  rectum,  1193 
of  Treves,  1170 
umbilical,  1241 
of  uterus,  palmate,  1270 
ventricular,  of  larynx,  1087 
vestigial,  of  Marshall,  518,  529 
vocal,  of  larynx,  1087 
Folium  cacumini8 ,  796 
vermis,  796 
Follicle  of  hair,  1075 
Follicles,  agmipated,  1186 

Graafian,  or  vesicular  ovarian, 
1266 

Fontana,  spaces  of,  1016 
Fontanelles,  196 
Foot,  arches  of,  362 
fascia  of,  492 
muscles  of,  492 
ossification  of  bones  of,  275 
phalanges  of,  articulations  of, 
361 

skeleton  of,  264  ,  265 
surface  anatomy  of,  1357 
Foramen,  carotico-clinoid,  149, 
192 

cecum  of  frontal  bone,  lj*5 
of  medulla  oblongata,  7<2 
of  tongue,  1112,  1 134 
condyloid,  anterior,  129 
cpiploicuni,  1115,  1166 
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Foramen  of  Huschke,  143,  145 
incisive,  160,  177 
infraorbital,  156,  186 
interventricular,  822,  846 
intervertebral,  94 
ugular,  143,  180,  193 
acerum,  179,  192 
magnum,  127,  130,  193 
Majendii,  804 
mandibular,  171 
mastoid,  139,  181,  184 
mental,  170,  187 
of  Monro,  822,  846 
obturator,  237 
optic,  145,  149,  192 
ovale  of  heart,  505,  546 

of  sphenoid,  148,  177,  183, 
192 

palatine,  177 
parietal,  176 
rotundum,  148,  192 
sciatic,  309 
singulare,  141 
sphenopalatine,  166,  184 
spinosum,  148,  177,  192 
sternal,  119 
stylomastoid,  142,  178 
supraorbital,  134,  185,  189 
supratrochlear,  212 
thyroid,  237 
transversarium,  96 
vena-caval,  407 
vertebral,  94 
Vesalii,  148,  192 
of  Winslow,  607,  1115,  1166 
zygomaticofacial,  162,  186 
zygomaticoorbital,  163 
zygomaticotemporal,  162,  182 
Foramina,  ethmoidal,  189 
intervertebral,  94 
of  Luschka,  804,  883 
for  olfactory  nerves,  151 
in  roof  of  fourth  ventricle,  805 
sacral,  104,  106 
of  Scarpa,  160,  177 
of  Stensen,  160,  177 
Thebesii,  534 
venarum  minimarum,  534 
Forceps,  anterior,  835 
posterior,  835 
Forearm,  fascia  of,  446 
muscles  of,  446 
Fore-brain,  813 
development  of,  734 
Foregut,  52,  1110 
Foreskin,  1260 

Formatio  red icularis  alba ,  790 
Oriaea ,  790 

of  medulla  spinalis,  759 
Fornicolumns,  844 
Fornix  of  brain,  844 
body  of,  844 
columns  of,  844 
crura  of,  846 
development  of,  740 
pillars  of,  844,  846 
ventricles  of,  844 
of  conjunctiva,  1034 
Fossa  or  Fossae,  acetabular,  237 
anticubital,  593 
canine,  156 
cecal,  1170 
cochlearis,  1056 
condyloid,  129,  180 
coronoid,  212 
cranii  anterior ,  190 
media ,  191 
posterior ,  193 
digastric,  139 

digital,  of  epididymis,  1252 
of  femur,  244 
for  ductus  venosus,  1201 
duodenal,  1169 
duodenojejunal,  1169 
femoral,  630 


]  Foss**20i  Fosii«.  for  gall-bladder, 

for  umbilical  vein,  1201 
glenoid,  138 
hyaloid,  1025 
hypophyseos,  145,  192 
ileocecal,  1170 
iliac,  234 

incisive,  156,  170,  187 
incudis,  1050 

for  inferior  vena  cava,  1201 
infraspinatous,  203 
infratemporal,  182 
inf ratempor alia,  182 
intercondyloid,  of  femur,  247 
of  tibia,  256 

interpeduncular,  806,  822 
intersigmoid,  1171 
ischiorectal,  426 
iachiorectalis ,  426 
jugular,  142 
lacrimal,  135,  187 
of  liver,  1201 

mandibular,  138,  178,  182 
mastoid,  138 
nasal,  1000 

navicularis  [urethra],  1245 
[vulva],  1277 
occipital,  inferior,  194 
olecranon,  212 
oval  is  of  fascia  lata,  470 
of  heart,  534 
ovarian,  1164,  1264 
pararectal,  1164 
paravesical,  1164 
pericecal,  1170 
peritoneal,  1168 
popliteal,  635 
pterygoid,  149 
pterygopalatxna ,  183 
pterygopalatine,  183 
radial,  212 
retrocecal,  1171 
retroperitoneal,  1168 
rhomboid,  804 
rhomboidea ,  804 
of  Rosenmuller,  1150,  1151 
sagittal,  of  liver,  1201 
sagittalis  sinistra  [liver],  1201 
scaphoid,  149,  177 
of  skull,  anterior,  190 
middle,  191 
posterior,  193 
sphenomaxillary,  183 
subarcuate,  141 
subscapular,  202 
supraspinatous,  203 
Bupra  tonsillar,  1147 
Sylvian,  740 
temporal,  181 
temporalis ,  181 
triangularis ,  1041 
trochanteric,  244 
tenor  came,  1201 
vermian,  129 
I  vesica:  fellece,  1201 
Fountain  decussation  of  Meynert, 

I  Fourchette,  1276 
Fourth  metacarpal  bone,  22S 
metatarsal  bone,  274 
nerve,  891 
ventricle,  803 
floor  of,  804 

Fovea  capitis  femoris,  242,  243 
centralis  retina ,  1022,  1024 
structure  of,  1024 
dentis,  97 

of  rhomboid  fossa,  806 
trochlear,  135,  187 
Foveolae,  Howship’s,  86 
Free  nerve-endings,  1067 
Freely  movable  joints,  285 
Frenula  of  colic  valve,  1 189 
Frenulum  of  clitoris,  1276 


Frenulum  of  labia  minora,  1276 
linguae,  1134 
of  lips,  1 120 
of  prepuce,  1260 
^  veli,  811 

Frommann's  lines,  748 
Frontal  air  sinuses,  136,  1005 
artery,  574 
bone,  133 

|  articulations  of.  136 

orbital  or  horizontal  part  of, 
135 

ossification  of,  136 
squama  of,  133 
structure  of,  136 
convolution,  ascending,  827 
crest,  134 

eminences,  133,  176,  1S1 
gyri,  827,  828 
lobe,  827 
nerve,  893 
operculum,  831 
process  of  maxilla,  159 
sulci,  827 
suture,  133,  176 
vein,  648 

Frontalis  muscle,  actions  of,  379 
nerves  of,  379 
variations  of,  379 
Fronto-ethmoidal  suture,  190 
Fronto-maxillary  suture,  189 
Fronto-nasal  duct,  136 
process,  66 

Fronto-pontine  fibers,  808 
Fronto-sphenoidal  process  of  zvgo- 
matic  bone,  162 

Fundiform  ligament  of  penis,  1259 
Fundus  glands  of  stomach,  1176 
tympani,  1046 
of  uterus,  1269 

Fun^form  papillee  of  tongue, 

1  loo 

Funiculi  of  medulla  spinalis,  763, 

1 64 

Funiculus  separans ,  806 
spermaticus ,  1249 
Furcal  nerve,  955 
Furcula  of  skin.  1071 
Furrow,  chordal,  51 
dental,  1131 
nasooptic,  68,  1012 
Furrow  ed  band  of  cerebellum  797 
Furuncle  of  His,  1071 
Fusiform  gyrus,  829,  830 


O 

Galea  aponeurotica ,  379 
Galen,  veins  of,  657 
Gall-bladder,  1207 
fossa  for,  1201 

lymphatic  capillaries  in,  690 
vessels  of,  716 
structure  of,  1208 
Gangliated  cord,  982 
Ganglion  or  Ganglia,  752 
aorticorenal,  991 
cardiac,  of  Wrisberg,  990 
carotid,  983 
celiac,  991 
cervical,  984,  986 
cervicale  inferius ,  986 
medius,  985 
>  superius,  984 
ciliary,  894 
cetliaca,  991 
collateral,  982,  983 
of  Corti,  1059,  1067 
Gasserian,  892 
genicular,  908 
geniculi,  908 
of  glossopharyngeal,  912 
habenula,  818 
impar,  990 
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Ganglion  or  Ganglia,  inferior,  914 
interpeduncular,  806,  808,  874 
jugular,  914,  917 
jugulare,  917 
Langley’s,  1146 
lenticular,  894 
Meckel’s,  897 
nodosum ,  917 
ophthalmic,  894 
otic,  903 
oticum ,  903 
petrosum,  914 
petrous,  914 
phrenicum,  992 
ridge  or  neural  crest,  49,  728 
of  Scarpa,  1066,  912 
semilunar,  of  abdomen,  991 
of  trigeminal  nerve,  892 
8emilunare  [G  assert],  892 
sphenopalatine,  897 

rami  nasales  posterior es  in¬ 
feriors#,  899 
superior  es,  899 
orbitales,  899 
spinal,  923 
spinale,  923 

spiral, of  cochlea  1059,  1067 
splanchnicum,  987 
submaxillar  e,  904 
submaxillary,  904 
superior,  of  glossopharyngeal, 
914 

mesenteric,  993 
superius ,  914 
of  vagus,  916 
vestibular,  1066 
of  Wrisberg,  990 

Ganglionic  arterial  system  of 
brain,  578 

arteries,  antero-lateral,  577 
antero-medial,  575 
postero-lateral,  585 
postero-medial,  578,  585 
layer  of  retina,  1023 
Gartner,  duct  of,  1216,  1265 
Gasserian  ganglion,  892 
Gaster,  1171 

Gastric  arteries,  short,  610 
artery,  left,  671 
right,  608 
glands,  1176 
impression,  1199 
lymph  glands,  711 
nerves  from  vagus,  919 
plexuses  from  sympathetic, 
992,  993 
from  vagus,  919 
veins,  short,  685 
Gastrocnemius  muscle,  484 
actions  of,  485 
nerves  of,  485 
variations  of,  485 
Gastrocolic  ligament,  1163 
omentum,  1167 
Gastroduodenal  artery,  608 
Gastroepiploic  arteries,  608,  610 
gland,  right,  711 
veins,  685,  686 

Gastrohepatic  omentum,  1166 
Gastrolienal  ligament,  1165 
Gastropanereatic  fold,  1166 
Gastrophrenic  ligament,  1172 
Gemelli  muscles,  actions  of,  480 
nerves  of,  480 

Gemellus  inferior  muscle,  479 
superior  muscle,  479 
General  sensations,  peripheral 
terminations  of  nerve  of,  1067 
Generation,  development  of  ex¬ 
ternal  organs  of,  1223 
Genicular  arteries,  635,  637 
ganglion  of  facial  nerve,  908 
Geniculate  bodies,  817 
Geniculum  of  facial  nerve,  908 
of  internal  capsule,  842 


Genioglossus  muscle,  1138 
Geniohyoglossus  muscle,  1 138 
Geniohyoid  muscle,  394 
Geniohyoideus  muscle,  394 
action  of,  394 
nerves  of,  394 
variations  of,  394 
Genital  cord,  1217 
corpuscles,  1068 
organs  of  female,  1264 
external,  1275 
of  male,  1246 
glands,  1217 
ridge,  1217 
swellings,  1224 
tubercle,  1224 
Genitocrural  nerve,  959 
Genitofemoral  nerve,  959 
Gennari,  band  of,  851,  853 
Genu  of  corpus  callosum,  834 
of  internal  capsule,  842 
Gerlach,  tube  tonsil  of,  1051 
Germ  centers,  693 
dental,  1131 
Germinal  cells,  35 

epithelium,  1217,  1265 
path,  1220 
spot,  38 
vesicle,  38 

Giacomini,  band  of,  833 
Giant  cells,  86 
of  Betz,  851 

Gianuzzi,  crescents  of,  1145 
Gimbernat’s  ligament,  413 
Gingiva* ,  1121 
Ginglymus,  285 
Giraldfcs,  organ  of,  1256 
Girdle  of  inferior  extremity,  200 
pelvic,  200 
shoulder,  200 
of  superior  extremity,  200 
Glabella,  133,  176,  198 
Gladiolus,  118 

Gland  or  Glands,  accessory,  of 
mouth,  1146 
part  of  parotid,  1 143 
anterior  lingual,  1140 
aortic,  1279 
areolar,  1278 
arytenoid,  1093 
of  Bartholin,  1277 
of  Blandin,  1140 
of  Bowman,  1004 
Brunner’s,  1186 
buccal,  1121 
bulbourethral,  1263 
cardiac,  1176 
carotid,  1292 
ceruminous,  1045 
ciliary,  1032 
coccygeal,  1293 
Cowper’s,  1263 
ductless,  1279 
duodenal,  1186 
esophageal,  1156 
of  eyeball,  1033 
fundus,  1176 
gastric,  1176 
gastro-epiploic,  right,  711 
genital,  1217 
intestinal,  1184 
labial,  1120 
lacrimal,  1035 
of  larynx,  1093 
lenticular,  of  stomach,  1177 
of  Littr6,  1245 
Luschka’s,  1293 
mammary,  1277 
Meibomian,  1033 
I  molar,  1121 

mucous,  of  tongue,  1140 
of  Nuhn,  1140 
oxyntic,  1176 
!  parathyroid,  1282 
•  parotid,  1141 


Gland  or  Glands,  Peyer’s,  1186 
preputial,  1260 
prostate,  1261 
pyloric,  1176 
salivary,  1141 
sebaceous,  1077 
serous,  of  tongue,  1140 
solitary,  1186 
sublingual,  1145 
submaxillary,  1144 
sudoriferous,  1077 
suprarenal,  1290 
sweat,  1077 
tarsal,  1033 
thymus,  1283 
thyroid,  1279 
of  tongue,  1140 
trachoma,  1035 
urethral,  1245 
uterine,  1274 

vestibular,  greater,  1223,  1277 
Glandula  lacrimalis,  1035 
parotis,  1141 
sublingualis,  1145 
submaxillaris,  1144 
suprarenalis ,  1290 
thyreoidea,  1279 
Glandular  bulhourethrales ,  1263 
duodcnales  [ Brunneri ],  1186 
intestinales  [ LieberkUhni ],  1184 
labiates ,  1120 
cesophagea,  1156 
Pacchioni,  884 
scbacetr,  1077 
sudorifera,  1077 
suprarenales  accessorial ,  1291 
tar  sales  [Meibomi],  1033 
thyreoidea;  accessories,  1281 
vestibularis  major  [Bartholini], 
1277 

Glandular  artery,  562 
Gians  clitoridis,  1276 
penis ,  1259 

Glaserian  fissure,  138,  1046 
Glenohumeral  ligaments,  319 
Glenoid  cavity,  207 
fossa,  138 

ligament  of  Cruveilhier,  334, 
361 

of  shoulder,  319 

Glenoidal  labrum  of  hip-joint, 
338 

of  shoulder-joint,  319 
Gliding  joints,  285 
movement,  286 
Glisson’s  capsule,  1167,  1204 
Globular  processes  of  His,  67 
Globus  major  [epididymis],  1252 
minor  [epididymis],  1252 
pallidus,  841 
Glomera  carotica,  1293 
Glomus  caroticutn.  1293 
coccygeum,  1293 

Glossoepiglottic  folds,  1083,  1134 
Glossopalatine  arch,  1146 
Glossopalatinus  muscle,  1138, 
note,  1148 

Glossopharyngeal  nerve,  912 

composition  and  central  con¬ 
nections  of,  862 
sympathetic  afferent  fibers 
of,  978 

Glottis  respiratoria,  1090 
vocalis,  1090 
rima  of,  1089 

Glutaeus  maximus  muscle,  475 
actions  of,  480 
nerves  of,  480 
medius  muscle,  475 
actions  of,  480 
nerves  of,  480 
variations  of,  476 
minimus  muscle,  476 
actions  of,  480 
nerves  of,  480 
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Glutffius  minimus  muscle,  vari¬ 
ations  of,  477 

Gluteal  artery,  inferior,  624 
superior,  626 
lines  of  ilium,  232 
muscles,  475 
nerves,  965 
tuberosity,  246 
veins,  67s 
Gnathic  index,  199 
Golgi,  cells  of,  851 
organs  of,  1069 

Golgi  and  Mazzoni,  corpuscles  of, 
1069 

Goll,  tract  of,  758,  767 
Gomphosis,  284 
Gonion,  198 

Gower,  tract  of,  766.  860 
Graafian  follicles,  1266 
structure  of,  1266 
Gracile  nucleus,  775 
Gracilis  muscle,  472 
actions  of,  475 
nerves  of.  475 

Grandry,  tactile  corpuscles  of, 
1068 

Granular  layer  of  dentin,  1128 
Granulationcs  arachnoidcales,  884 
Granulations,  arachnoid,  884 
Granule  cells,  369 
Gray  commissure  of  brain,  815 
commissures  of  medullaspinalis, 
759 

or  gelatinous  nerve  fibers,  749 
substance  of  cerebellum,  800 
of  cerebral  hemispheres,  851 
of  cortex,  800 
of  medulla  oblongata,  784 
spinalis,  758 

Great  auricular  nerve,  932 
cardiac  nerve,  985 
vein,  646 
cerebral  vein,  657 
longitudinal  fissure,  824 
omentum,  1167 
sacrosciatic  ligament,  309 
saphenous  vein,  673 
splanchnic  nerve,  987 
transverse  fissure  of  brain,  848 
wings  of  sphenoid,  147 
Greater  cavernous  nerve,  995 
curvature  of  stomach,  1172 
multangular  bone,  225 
occipital  nerve,  929 
omentum,  1167 
palatine  foramen,  177 
pelvis,  238 
peritoneal  sac,  1160 
sciatic  foramen,  309 
notch,  235 
sigmoid  cavity,  215 
splanchnic  nerve,  987  ! 

superficial  petrosal  nerve,  898, 
909 

trochanter,  244 
vestibular  glands,  1223,  1277 
Groove,  auriculoventricular,  531  , 
bicipital,  209 
carotid,  146,  192 
chiasmatic.  145,  191  i 

for  radial  nerve,  211 
costal,  122  i 

infraorbital,  157  I 

interatrial,  531  ! 

intertubercular,  of  humerus, 209 
lacrimal,  158,  189  ! 

musculospiral,  211  j 

mylohyoid,  171 
neural,  49 
obturator,  237 
occipital,  139 
olfactory,  190 
optic,  145 
primitive,  47 
pterygopalatine,  149 


Groove,  vertebral,  113 
Growth  of  embryo,  74 
Gubemaculum  deniis,  1133 
tei*/te,-1221 

Gudden,  commissure  of,  889 
i  mammillo-tegmental  bundle  of, 
873 

'  Gullet,  1154 
I  Gums,  1121 
Gustatory  calyculi,  997 
cells,  997 
hair,  998 
pore,  997 

Gyre,  medifrontal,  828 
precentral,  827 
subfrontal,  828 
superfrontal,  827 
Gyri  of  brain,  827 
angular,  829 
of  Broca,  828 
central,  anterior,  827 
posterior,  829 
cingulate.  832 
cuneus,  829 
dentate,  833,  874 
frontal,  827,  828 
fusiform,  829 
hippocampal,  832 
of  insula,  831 
of  limbic  lobe,  S31 
lingual,  829 
occipital,  829 
orbital,  828 
precuneus,  829 
quadrate,  829 
straight,  828 
subcallosal,  833,  875 
suj)erior  parietal  lobule,  829 
supracallosal,  833 
supramarginal.  829 
temporal,  830 

transverse,  of  Heschl,  830 
uncus,  832 
Gyrus  of  Broca.  828 
centralis  anterior ,  827 
posterior,  829 
cinguli,  831 
dentatus,  833 
epicallosu8,  833 
frontalis  inferior,  828 
medius ,  828 
superior,  827 
hippocampi,  S3 2 
marginal,  828 
subcallosus,  833,  875 


H 

Habenular  commissure,  818 
Hair  bulb,  1075 
cells  of  spiral  organ  of  Corti, 
1065 

Hairs,  1075 
cuticle  of,  1077 
follicle  of,  1075 
gustatory.  998 
olfactory,  1003 
roots  of,  1075 
scapus  or  shaft  of,  1076 
structure  of,  1076 
Haller,  vas  aberrans  of,  1256 
Hamate  bone,  227 
Hamstring  muscles,  481 
Hamulus  of  hamate  bone,  227 
lacrimal,  162 
lamina’  spiralis,  1059 
pterygoid,  177 
Hand,  muscles  of,  457 

phalanges  of,  articulations  of, 
335 

skeleton  of,  221 
surface  anatomy  of.  1343 
markings  of,  1347 
Hard  palate,  1121 


Harrison’s  sulcus,  126 
Hasner,  plica  lacrimalis  of,  1037 
Hassal,  corpuscles  of,  1284 
Haversian  canals  of  bone,  87 
systems  of  bone,  87 
Head,  arteries  of,  556 
lymphatics  of,  696 
muscles  of,  379 
development  of,  365 
veins  of,  647 

Head-cap  of  spermatozoon,  42 
Hearing,  organ  of,  1037 
Heart.  530 
apex  of,  531 
arteries  of,  544 

atrioventricular  bundle  of  His, 
543 

node,  543 
atrium,  left,  536 
right,  532 
base  of,  531 

component  parts  of,  530 
development  of.  500 
endocardium,  539 
fibers  of  atria.  54 
of  ventricles,  544 
fibrous  rings  of,  539 
lymphatic  capillaries  of,  691 
vessels  of,  722 
marginal  veins  of,  646 
muscular  structure  of,  539 
nerves  of,  545 
size  and  weight  of,  530 
structure  of,  539 
surface  marking  of,  1326 
triaonum  fibrosum,  539 
valves  of,  development  of.  5 US 
veins  of,  646 
ventricle,  left,  537 
right,  534 

ventricular  septum  of,  538 
Heart-wall,  539 

Heidenhain,  demilunes  of,  1145 
Height  index  of  skull,  198 
Helicine  arteries.  1261 
Helicis  major  muscle,  1043 
minor  muscle,  1043 
Helicotrema,  1058 
Helix,  1041 
Helweg’s  bundle,  860 
Hemiazygos  vein,  671 
accessory,  671 

Hemispheres,  cerebellar,  794 
cerebral,  824 

Hemorrhoidal  artery,  inferior, 
623 

middle,  619 
superior,  614 
nerve,  inferior,  974 
plexuses  of  nerves,  994 
vein,  middle,  680 
superior,  685 
venous  plexus,  680 
Henle,  loop  of,  1233 
Henle’s  layer  of  hair  follicle,  107 
Hensen,  canalis  re u mens  of,  106 
knot  of,  47 
stripe  of,  1066 
supporting  cells  of,  1066 
Hepar,  1198 

capsula  fibrosa  [Gfwsoni],  1205 
facies  inferior,  1 199 
posterior,  1200 
superior ,  1199 
margo  anterior,  1201 
tunica  serosa,  1205 
j  Hepatic  artery,  637,  1206 

branches  of  vagus  nerve,  919 
cells,  1206 
cylinders,  1203 
duct,  1207 

flexure  of  colon.  1 190 
lymph  glands,  711 
plexus,  992 
veins,  684,  1206 
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Hepatoduodenal  ligament,  1161, 
1167 

Hepatogastric  ligament,  1161, 
1167 

Hepatorenal  ligament,  1 160 
Herbst,  corpuscles  of,  1069 
Hernia,  congenital,  complete,  1197 
incomplete,  1198 
into  funicular  process,  1198 
Heropbilus,  torcular  of,  662 
Heschl,  gyri  of,  830 
Hesselbach,  interfoveolar  liga¬ 
ment  of,  416 
triangle  of,  1336 
Hiatus,  aortic,  407 
esophageal,  407 
of  facial  canal,  140 
semilunaris,  195,  1000 
Higher  or  cortical  visual  centers, 
820 

Highest  intercostal  artery,  589 
veins,  670 
nuchal  line,  127 
thoracic  artery',  591 
Highmore,  antrum  of,  1006 
Hilum  of  kidney,  1229 
of  lung,  1104 
of  spleen,  1295 
Hind-brain,  771 

development  of,  730 
Hind-gut,  52,  1110 
Hinge-joint,  285 
Hip  bone,  231 

articulations  of,  238 
ossification  of,  237 
structure  of,  237 
surface  anatomy  of,  1354 
Hip-joint,  335 

movements  of,  340 
muscles  in  relation  with,  340 
surface  marking  of,  1354 
Hippocampal  commissure,  844, 
875 

fissure,  739,  832 
gyrus,  832 

Hippocampus,  739,  838 
major,  838 

His,  atrioventricular  bundle  of, 
543 

furuncle  of,  1071 
globular  processes  of,  67 
Holoblastic  ova,  45,  note 
Horizontal  cells  of  retina,  1024 
part  of  palatine  bone,  165 
semicircular  canal,  1057 
sulcus  of  cerebellum,  795 
Houston’s  valves  of  rectum,  1193 
Howship’s  foveohe,  86 
Huguier,  canal  of,  139,  910,  1047 
Humeral  articulation,  319 
bursae  in  relation  to,  319 
movements  of,  320 
<  vessels  and  nerves  of,  320 
circumflex  arteries,  593 
Humerus,  208 

ossification  of,  213 
structure  of,  212 
surface  anatomy  of,  1342 
Humor,  aqueous,  1025 
Hunter’s  canal,  631 
Huschke.  auditory  teeth  of,  1063 
foramen  of,  143,  145 
Huxley’s  layer  of  hair  follicle, 
1076 

Hyaline  cartilage,  280 
ceil,  526 

Hyaloid  canal,  1025 
fossa,  1025 

membrane  of  eye,  1025 
Hydatid  of  Morgagni,  1217, 1255, 
1268 

pedunculated,  of  epididymis, 
1252 

Hymen,  1276 

Hyoepiglottie  ligament,  1085 


Hyoglossal  membrane,  1141 
Hyoglos8us  muscle,  1138 
Hyoid  arteries,  559,  560 
bone,  175 
body  of,  175 
oornua  of,  176 
ossification  of,  176 
Hyothy'roid  ligaments,  1085 
membrane,  1084 
Hyparterial  bronchi,  1094,  1107 
Hypochondriac  regions,  1159 
Hypochordal  bar  or  brace,  79 
Hypogastric  artery’,  618 
branches  of,  619 
in  fetus,  546 
obliterated,  619 
peculiarities  of,  619 
I  lymph  glands,  708 
plexus,  993 
;  region,  1159 
vein,  677 
zone,  1157 

Hypoglossal  nerve,  920 

composition  and  central  con¬ 
nections  of,  861 
nucleus  of,  785 
Hypophyseal  artery,  572 
Hypophysis  cerebri ,  820,  1285 
development  of,  1285 
structure  of,  1288 
Hypothalami ,  pars  mammillaria , 
736 

optica ,  737 

Hypothalamus,  818  ! 

corpora  mammillaria,  819 
hypophysis  or  pituitary’  body, 
820,  1285 

infundibulum,  819  | 

optic  chiasma,  820  j 

subthalamic  tegmental  region, 
818 

corpus  subthalamicum,  or 
nucleus  of  Luys,  818 
stratum  dorsale,  818 
zona  incorta,  818 
tuber  cinerum,  819 
Hypothenar  eminence,  457 


I 

Ileocecal  fold,  1170 
fossae,  1170 
valve,  1189 
Ileocolic  artery,  611 
lymph  glands,  711 
Ileum,  1180 

lymphatic  vessels  of,  714 
Iliac  arteries,  common,  617 
peculiarities  of,  618 
surface  markings  of,  1337 
external,  626 

surface  markings  of,  1337 
internal,  618 

peculiarities  of,  618 
circumflex  artery,  deep,  627 
superficial,  633 
vein,  deep,  677 
superficial,  673 
colon,  1192 
fascia,  467 
fossa,  234 
furrow,  1328 
lymph  glands,  708 
region,  1159 
spines,  234 
tuberosity,  234 
vein,  common,  681 

peculiarities  of,  681 
external,  676 
internal,  677 
Iliacus  muscle,  468 
actions  of,  468 
fascia  of,  467 
nerves  of,  468 


Iliacus,  variations  of,  468 
Iliocapsularis  muscle,  468 
Iliococcygeus  muscle,  425 
Iliocostalis  cervicis  muscle,  400 
dorsi  muscle,  400 
lumborum  muscle,  400 
Iliofemoral  ligament,  336 
Iliohypogastric  nerve,  956 
Ilioinguinal  ner\re,  958 
Iliolumbar  artery,  625 
ligament,  306 
vein,  682 

Iliopectineal  eminence,  234 
fascia,  467 

Iliosacralis  muscle,  425 
Iliotibial  band  or  tract,  469 
Iliotrochanteric  ligament,  337 
Ilium,  231 
ala  of,  232 
body  of,  231 
crest  of,  234 
dorsum  of,  232 
gluteal  lines  of,  232,  233 
spines  of,  234 

Imbedding  or  implantation  of 
oynim,  57 

Immovable  articulations,  284 
Impression,  colic,  1199 
duodenal,  1200 
gastric,  1199 
renal,  1199 
rhomboid,  202 
suprarenal,  1291 
trigeminal,  141 
Incisive  bone,  160 
canals,  160,  177 
foramen,  160,  177 
fossa,  156,  170.  187' 
teeth,  1124 
Incisor  crest,  161 
teeth,  1124 

Inc  is  u  ra  a  ngula  ris ,  1172 
a  pic  is  cordis ,  531 
cardiaca,  1172 
fastigii,  733 
radial  is,  215 
semilunaris ,  215 
temporalis ,  832 
tentorii,  880 

Incremental  lines  of  Salter,.  1129 
Incus,  1052 
crus  breve ,  1052 
longum,  1053 
development  of,  1041 
ligaments  of,  1053,  1054 
process  of,  long,  1053 
short,  1052 

Index,  cephalic  or  breadth,  198 
gnathic  or  alveolar,  199 
nasal,  198 
orbital,  198 
vertical  or  height,  198 
Indusium  griseum ,  833  .  874 
Inferior  articular  arteries,  637 
calcaneonavicular  ligament, 
357 

cerebellar  peduncles,  799 
constrictor  muscle,  1151 
coronary  artery,  562 
dental  artery,  568 
nerve,  902 
epigastric  vein,  676 
fascia  of  urogenital  diaphragm 
429 

ganglion,  914,  917 
labial  artery’,  502 
larymgeal  nerve.  91S 
longitudinal  sinus.  659 
maxillary  nerve,  899 
medullary  velum,  800 
oblique  muscle,  1030 
profunda  artery,  595 
pubic  ligament ,  310 
quadrigeminal  body.  812 
sagittal  sinus,  659 
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Inferior  semilunar  lobule,  797 
striate  veins,  657 
tarsal  plate,  1032 
thyroarytenoid  ligaments,  10S7 
turbinated  bone,  167 
vesical  artery,  619 
vocal  cords,  1087 
Infraclavicular  branches  of  bra¬ 
chial  plexus,  939 
Infracostales  muscle,  404 
Infraglenoid  tuberosity,  205 
Infrahyoid  artery,  559 
muscles,  394 
Infraorbital  artery,  569 
canal,  157 
foramen,  156,  186 
groove,  157 
nerve,  895,  note 
plexus  of  nerves,  897 
Infrapatellar  pad  of  fat,  346 
Infrascapular  artery,  592 
Infraspinatous  fascia,  442 
fossa,  203 
muscle,  442 
actions  of,  443 
nerves  of,  443 
variations  of,  443 
Infrasternal  notch,  1322 
Infratemporal  crest,  148,  182 
fossa,  182 

surface  of  maxilla,  156 
Infratrochlear  nerve,  894 
Infundibuliform  fascia,  419 
Infundibulopelvic  ligament,  1271 
Infundibulum  of  brain,  810 
of  ethmoid  bone,  154, 196, 1000 
Inguinal  aponeurotic  falx,  415 
canal,  419 
glands,  706 
ligament,  412 
reflected,  413 
regions,  1159 
ring,  abdominal,  419 
subcutaneous,  411 
Inion,  184,  198 
Inlet  of  pelvis,  239 
Inner  cell-mass,  46 
Innominate  artery,  555 
bone,  231 

articulations  of,  238 
ossification  of,  237 
veins,  668 

peculiarities  of,  670 
Inscriptions,  tendinous,  of  rectus 
abdominis,  417 
Insertion  of  muscles,  363 
Insula^  831 

circular  sulcus  of,  831 
development  of,  831 
gyri  of,  831 
opercula  of,  831 
Integument,  common,  1070 
Interalveolar  cell-islets,  1214 
Interarticular  chondrosternal  lig¬ 
ament,  303 

costocentral  ligaments,  300 
fibrocar  til  ages,  282 
sternocostal  ligaments,  303 
Interatrial  groove,  531 
Intercalatum,  808 
Intercapitular  veins,  665,  673 
Intercarpal  articulations,  330 
movements  of,  332 
Intercavernous  sinuses,  663 
Intercellular  biliary  passages, 
1207 

Intercentral  ligaments,  287 
Interchondral  ligaments,  304 
Interclavicular  ligament,  314 
Interclinoid  ligament,  151 
Intercolumnar  fascia,  1248 
fibers,  411 

Intercondyloid  eminence  of  tibia, 
256 

fossa  of  femur,  247 


Intercondyloid  fossa  of  tibia,  pos¬ 
terior,  256 

Intercostal  arteries  from  aorta, 
604 

highest,  589 

from  internal  mammary,  588 
superior,  589 
fasciae,  403 
lymph  glands,  720 
membranes,  404 
muscles,  405 
nerves,  951 
spaces,  121 
veins,  670 

Intercostales  externi  muscles,  404 
variations  of,  404 
interni  muscles,  404 
variations  of,  404 
Intercostobrachial  nerve,  952,  953 
Intercrural  fascia,  412 
fibers,  411 

Intercuneiform  articulations,  359 
Interfoveolar  ligament  of  Hessel- 
bach,  416 

Interglobular  spaces,  1129 
Interior  of  bladder,  1241 
of  larynx,  1086 
of  skull,  190 
of  uterus,  1270 

Interlobular  arteries  of  kidney, 
1234 

Intermediate  cell-mass,  49 
Intermetacarpal  articulations,  333 
Intermctatarsal  articulations,  360 
Internal  abdominal  ring,  419 
acoustic  meatus,  143 
arcuate  ligament,  405 
calcaneal  arteries,  643 
nerves,  969 

calcaneo-astragaloid  ligament, 
354 

calcaneo-navicularligament,  357 
canthus  of  eyelids,  1032 
capsule  of  brain,  842 
circumflex  artery,  634 
cutaneous  nerve,  943,  961 
lesser,  943 

geniculate  body,  817 
iliac  artery,  618 
glands,  708 
vein,  677 

intercostals  muscle,  404 
jugular  vein,  surface  markings 
of,  1315 

lateral  ligament,  298,  323,  330 
malleolar  artery,  639 
mammary  artery,  587 
gland,  719 

maxillary  glands,  698 
oblique  muscle,  413 
palpebral  arteries,  574 
plantar  artery,  643 
nerve,  969 
popliteal  nerve,  966 
pterygoid  muscle,  387 
pudendal  artery,  621 
veins,  678 
pudic  artery,  621 
nerve,  973 
veins,  678 

respiratory  nerve  of  Bell,  934 
saphenous  nerve,  962 
vein,  673 

semilunar  fibrocartilage,  345 
sphincter  ani  muscle,  427 
Internodal  segments  of  nerves.748 
fnterossei  muscles  of  foot,  497 
actions  of,  497 
nerves  of,  497 
of  hand,  465 
actions  of,  466 
nerves  of,  466 
volares  muscle,  466 
Interosseous  arteries, 599,  600,  601 
ligament,  302 


Interosseous  membrane  of  fore¬ 
arm,  326 
of  leg,  350 

nerve,  dorsal  or  posterior,  950 
volar  or  anterior,  944 
volaris  primus  muscle,  466 
Interparietal  bone,  130 
Interpeduncular  fossa,  822 
ganglion,  806,  808,  874 
Interphalangeal  articulations, 
335,  361 

Interpleural  space,  1099 
Interpubic  disk,  311 
|  fibrocartilaginous  lamina.  311 
Intersegmental  neurons,  760 
septa,  77 

Intersigmoid  fossa,  1171 
Interspinal  ligaments,  291 
Interspinales  muscles,  401 
actions  of,  403 
nerves  of,  403 
Interspinous  ligament,  291 
Intersternal  ligaments,  304 
Intertarsal  articulations,  354 
Intertragic  notch,  1042 
Intertransversales  muscle,  402 
Intertransversarii  muscles,  402 
actions  of,  403 
nerves  of,  403 

Intcrtrans verse  ligaments.  291 
Intertrochanteric  crest,  246 
line,  245 

Intertubercular  plane.  1157 
Intertubular  dentin.  1129 
Intervenous  tubercle,  534 
Interventricular  foramen,  822. 
846 

septum,  537 

Intervertebral  fibrocartilages.  2 >9 
foramina,  94 
veins,  673 

Intervillous  space,  58 
Intestinal  arteries,  611 
glands,  1184 
villi,  1184 

Intestine,  development  of.  1112 
large,  1187 

lymphatic  nodules  of,  llMi 
lymphatics  of,  714 
small,  1188 

lymphatic  vessels  of,  715 
structure  of,  1 182 
vessels  and  nerves  of.  11V* 

1  surface  markings  of,  1334 
Intestinum  or  cum,  1187 
crassum ,  1 187 
ileum,  1181 
jejunum,  1180 
rectum,  1193 
tenue ,  1178 

tela  submucosa,  1182 
tunica  mucosa,  1183 
muscular  is,  1182 
serosa,  1182 

Intra-articular  ligament,  300 
Intracart ilaginous  ossification. id 
Intra-epithelial  plexus  of  coroex 
1016 

Intrafusal  fasciculi,  1069 
fibers,  1069 

Intraiugular  process,  129 
Intralobular  veins,  1206 
Intramem branous  ossification. 
Intraparietal  sulcus,  82$ 

I  ntrapulmonary  bronchi,  1107 
Intraspinal  veins,  672 
Intrathyroid  cartilage,  1082 
Intrinsic  muscles  of  tongue,  1139 
spinal  reflex  paths,  856 
Iodothyrin,  1282 
Iridial  angle,  1014 
Iris,  1019 
structure  of,  1020 
!  vessels  and  nerves  of,  1021 
Ischiocapsular  ligament,  336 
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Ischiocavernosus  muscle,  429,  431 
action  of,  429,  431 
Ischiorectal  fossa,  426 
Ischium,  234 
body  of,  234 
rami  of,  235 
spine  of,  235 
tuberosity  of,  235 
Island  of  Reil,  831  1 

Islands,  blood,  527 
of  Langerhans,  1214 
Isthmus,  aortic,  512,  554 

of  external  acoustic  meatus, 
1051 

faucium,  1146 
glandula  thyreoidea ,  1281 
of  limbic  lobe,  831 
rhombencephali ,  730 
of  thyroid  gland,  1280 
of  uterine  tube,  1267 
Iter  chorda  anterius ,  1046 
posterius,  1046 
Ivory  of  teeth,  1128 


J 

Jacob’s  membrane,  1024 
Jacobson,  nerve  of,  915, 1055 
vomero-nasal  organs  of,  70,1002 
Jejunum,  1180 

lymphatic  vessels  of,  715 
Jelly  of  Wharton,  57 
Joint  capsules,  lymphatic  capil¬ 
laries  in,  6S8 

Joints.  iSee  Articulations. 

development  of,  279 
Jugular  foramen,  180,  193 
fossa,  142 

ganglion  of  glossopharyngeal 
nerve,  914 
of  vagus  nerve,  917 
nerve,  984 
notch,  118,  129 
process,  129,  180 
surface  of  temporal  bone,  142 
tubercle,  129 
vein,  anterior,  651 
external,  650 
internal,  652  . 

bulbs  of,  652 
posterior  external,  651 
surface  markings  of,  1315 
Jugum  sphenoidale,  151 
Junctional  tube,  1233 


K 

Karyokinesis,  37 
Karyomitome,  36 
Karyomitosis,  37 
Karyoplasm,  36 
Kerckring,  ossific  center  of,  131 
Kerkring,  valves  of,  1183 
Kidnevs,  1225 

calyces  of,  1231,1235 
cortical  substance  of,  1221 
development  of,  1221 
fixation  of,  1230 
hilum  of,  1229 
lymphatic  capillaries  in,  091 
vessels  of,  716 
Malpighian  bodies  of,  1231 
capsule,  1231 

medullary  substance  of,  1231 
minute  anatomy  of,  1231 
nerves  of,  1 235 
paranephric  body,  1230 
relations  of,  1225 
renal  artery,  614 
fascia,  1230 
pelvis,  1231 
sinus,  1231 
tubules,  1231 


Kidneys,  structure  of,  1230 
surface  marking  of,  1335 
veins  of,  683  1234 
weight  and  dimensions  of,  1225 
Knee  cap,  255 
Knee-joint,  341 
bursse  of,  347 
movements  of,  348 
surface  anatomy  of,  1358 
Krause,  end-bulbs  of,  1068 
membrane  of,  367 
KUhne,  motor  end-plates  of,  752 


L 

Labb£,  posterior  anastomotic 
vein  of,  656 
Labia  cerebri,  833 
majora,  1275 
minora ,  1276 
oris,  1120 

Labial  arteries,  562 
commissures,  1276 
glands,  1120 
grooves,  1111 
Labiodental  lamina,  1131 
Labrum  olenoidale,  319,  338 
Labyrinth,  membranous,  1059 
development  of,  1040 
vessels  of,  1067 
osseous,  1055 

Labyrinthus  ethmoxdalis,  152 
membranaceus,  1059 
osseus,  1055 
Lacertus  fibrosus,  445 
Laciniate  ligament,  491 
Lacrimal  apparatus,  1035 
artery,  573 
bone,  161 

articulations  of,  162 
lesser,  162 
ossification  of,  162 
canals,  1035 
caruncula,  1035 
crest,  posterior,  162 
ducts  or  canals,  1035 
ampullae  of,  1035 
fossa,  135,  187 
glands,  1035 
groove,  189 
hamulus,  162 
nerve,  893 
notch,  157 
papilla,  1032 

process  of  inferior  nasal  concha, 
167 

punctum,  1032 
sac,  1035 
tubercle,  159 
Lac  teals,  687 
Lactiferous  ducts,  1278 
Lacuna  magna  [of  urethra],  1245 
Lacunas  of  bone,  87 
of  cartilage,  280 
of  urethra,  1245 
venous,  659 
Lacunar  ligament,  413 
Locus  lacrimalis,  1032,  1035 
Lagena,  1062 
Lambda,  176,  198 
Lambdoidal  suture,  130,  133,  181 
Lamellae  of  bone,  87 
articular,  280 
!  circumferential,  88 
1  interstitial,  87 

i  primary  or  fundamental,  88 

secondary  or  special,  88 
Lamellar  cells,  369 
Lamina  affixia ,  844 
basalis,  1017 

cartilaginis  cricoidece,  1055 
chorio  capillar  is,  1017 
cribrosa  sclera,  1012 
dental,  1131 


Lamina,  dorsal  or  alar,  727 
elastic,  of  cornea,  1015 
elastica  anterior ,  1015 
posterior,  1015 

fibrocartilaginea  interpubica,  311 
labiodental,  1131 
lingual,  1131 
medullary,  816 
nasal,  67 
reticular,  1066 
spiral,  of  cochlea,  1059 
spiralis  os  sea,  1059 
suprachorioidea,  1012,  1017 
terminalis,  735,  822 
va8Culo8a,  1017 
ventral  or  basal,  727 
of  vertebra,  95 
Lancisi,  nerves  of,  874 
Langerhans,  centro-acinar  cells 
of,  1214 
islands  of,  1214 
Langhans,  layer  of,  47 
Langley’s  ganglion,  1146 
Lantermann,  segments  of,  748 
Large  deep  petrosal  nerve,  898 
intestine,  1187 
cecum,  1187 
colic  valve,  1189 
colon,  1190 

ascending,  1190 
descending,  1191 
iliac,  1192 

sigmoid  or  pelvic,  1192 
transverse,  1190 
rectum,  1193 

superficial  petrosal  nerve,  898, 
909 

Laryngeal  artery,  inferior,  585 
superior,  559 
nerves,  918 
part  of  pharynx,  1151 
prominence,  1081 
saccule,  1089 
sinus,  1089 
Larynx,  1080 

cartilages  of,  1081 
conus  elasticus  of,  1086 
elastic  membrane  of,  1085 
glands  of,  1093 
interior  of,  1086 
ligaments  of,  1084 
lymphatic  vessels  of,  702,  1093 
mucous  membrane  of,  1092 
muscles  of,  1008 
actions  of,  1092 
nerves  of,  1093 
rima  glottidis  of,  1089 
surface  marking  of,  1313 
ventricle  of,  1089 
ventricular  folds  of,  1087 
vessels  of,  1093 
vestibule  of,  1086 
vocal  folds  of,  1087 
Lateral  cartilages,  999 

cerebrospinal  fasciculus,  765 
cricoarytenoid  muscle,  1091 
hyothyroid  ligament,  1085 
nasal  cartilage,  999 
sinuses,  661 

spinothalamic  fasciculus,  767 
thyrohyoid  ligament,  1085 
Latissimus  dorsi  muscle,  433 
actions  of,  436 
nerves  of,  435 
variations  of,  435 
Layer  of  Langhans,  47 
of  rods  and  cones,  1024 
Layers  of  cerebral  cortex,  851 
Least  splanchnic  nerve,  987 
Left  atrium,  536 
auricle,  536 

auricular  appendix,  536 
coronary  plexus,  991 
vein,  646 
lobe  of  liver,  1202 
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Left  ventricle,  537 
Leg,  fascia  of,  482 

deep  transverse,  485 
muscles  of,  482 

development  of,  365 
Lemniscus,  lateral,  811 
later  alls,  811 
medial,  810 
medialis,  810 
spinal,  767 

Lens,  capsule  of,  1026 
vascular,  1010 

changes  produced  in,  by  age, 
1028 

cryatallina ,  1026 
crystalline,  1026 
development  of,  1009 
equator  of,  1026 
poles  of,  1026 
structure  of,  1027 
suspensory  ligament  of,  1025 
vesicle,  1008 
Lenticula,  840 
Lenticular  ganglion,  894 
glands  of  stomach,  1177 
nucleus,  840 
process  of  incus,  1053 
Lentiform  nucleus,  840 
Lesser  cavernous  nerve,  995 
curvature  of  stomach,  1172 
internal  cutaneous  nerve,  943 
lacrimal  bone,  162 
multangular  bone,  225 
omentum,  1166 
pelvis,  239 

peritoneal  sac,  1162, 1165 
sac  or  omental  bursa  of  peri¬ 
toneum,  1156 
boundaries  of,  1166 
sciatic  foramen,  309 
notch,  235 
sigmoid  cavity,  215 
splanchnic  nerve,  987 
trochanter,  245 
Leucocytes,  526 
Levator  anguli  oris  muscle,  383 
scapulae  muscle,  436 
ani  muscle,  423 
actions  of,  425 
nerves  of,  425 
claviculffi  muscle,  436 
glanduhe  thyreoideae  muscle, 
1281 

menti  muscle,  383 
palati  muscle,  1148 
palpebrse  superioris  muscle, 
1028 

actions  of,  1030 
nerves  of,  1030 
prostatae  muscle,  425 
scapula;  muscle,  436 
actions  of,  436 
nerves  of,  436 
variations  of,  436 
veli  palatini  muscle,  1148 
Levatores  costarum  muscle,  404 
Lieberkuhn,  crypts  of,  1184 
Lien.  1294 

accessorius,  1295 
extrernitas  inferior,  1295 
superior,  1295 
facies  gastrica,  1294 
renalis,  1295 
margo  anterior,  1295 
posterior,  1295 
Lienal  artery,  609 
plexus  of  nerves,  992 
vein,  685 

Ligament  or  Ligaments,  acromio¬ 
clavicular,  315 
alar,  296 
of  ankle,  351 

annular,  of  ankle,  490,  491 
of  radius,  326 
of  stapes,  1054 


Ligament  or  Ligaments,  annular, 
of  wrist,  457,  459 
anterior,  328,  350 
inferior,  350 
longitudinal,  287 
superior,  301,  350 
apical  odontoid,  296 
arcuate,  406 
atlantoaxial,  295 
atlantooccipital,  296 
of  auricula  or  pinna,  1043 
of  Bertin,  337 
bifurcated,  356 
of  Bigelow,  337 
of  bladder,  1241 
broad,  of  uterus,  1271 
calcaneo-astragaloid,  354 
calcaneo-cuboid,  356 
calcaneo-fibular,  353 
calcanco-navicular,  plantar, 
357 

calcaneo-tibial,  352 
capsular.  See  Individual  Joints, 
carotico-clinoid,  151 
carpometacarpal,  333 
of  carpus,  330,  331 
central,  of  medulla  spinalis,  885 
check,  297 
of  eye,  1031 
chondrosternal,  302 
intra-articular,  303 
chondroxiphoid,  304 
common,  anterior,  287 
posterior,  288 
conoid,  315 
of  Cooper,  413 
coracoacromial,  316 
coracoclavicular,  315 
coracohumeral,  319 
coronary,  of  knee,  345 
of  liver,  1160,  1202 
costocoracoid,  438 
costotransverse.  301,  302 
costovertebral,  anterior,  299 
costoxiphoid,  304 
cotyloid,  237,  437 
cricoarytenoid,  posterior,  1068 
cricotracheal,  1085 
crucial,  344 
cruciate,  of  atlas,  295 
crural,  490 
of  knee,  344 

cuboideonavicular,  359 
deltoid,  of  ankle-joint,  352 
dentate,  886 
dorsal  carpal,  459 
radiocarpal,  330 
radioulnar,  327 
of  elbow,  321 

falciform,  of  liver,  1160,  1202 
fibular  collateral,  of  knee-joint, 
343 

f undiform,  of  penis,  1259 
gastrocolic,  1161,  1163 
gastrolienal,  1165 
gastrophrenic,  1172 
Gimbemat’s,  413 
glenohumeral,  319 
glenoid,  319 

of  Cruveilhier,  334,  361 
of  shoulder-joint,  319 
glenoidal  labrum  of  hip-joint, 
338 

of  shoulder-joint,  319 
hepatoduodenal,  1161,  1167 
hepatogastric,  1161,  1167 
hepatorenal,  1160,  1202 
of  Hesselbach,  416 
of  hip-joint,  335 
hyoepiglottic,  1085 
hyothyroid,  1085 
iliofemoral,  337 
iliolumbar,  306 
iliotrochanteric,  337 
of  incus,  1054 


Ligament  or  Ligaments,  inferior 
transverse  of  scapula,  317 
infundibulopelvic,  1271 
inguinal,  412 
reflected,  413 
interarticular,  of  ribs,  300 
sternocostal,  303 
intercarpal,  330 
intercentral,  287 
interchondral,  304 
interclavicular,  314 
interclinoid,  151 
intercuneiforrn,  359 
interfoveolar,  416 
intermetacarpal,  333 
intermetatarsal,  360 
interosseous,  304 
interphalangeal.  335,  361 
interpubic  fibrocartilagiDou3 
lamina,  311 
interspinal,  291 
interspinous,  291 
intersternal,  304 
intertarsal,  354 
intertransverse,  291,  310 
intra-articular,  300 
ischiocapsular,  337 
of  knee-joint,  341 
laciniate,  491 
lacunar,  413 
of  larynx,  1084 
lateral  atlantooccipital.  296 
external,  297,  324,  330.  352 
internal,  298,  323,  330 
of  uterus,  1271 
left  triangular,  of  liver,  1161 
of  left  vena  cava,  529 
long  plantar,  356 
of  Mackenrodt,  1271 
of  malleus,  1053 
medial  palpebral,  381 
metacarpophalangeal,  334 
metatarsophalangeal.  361 
middle  cricothyroid.  1086 
mucosum,  of  knee,  346 
of  neck  of  rib,  302 
nuchte,  291 
oblique  cord,  326 
popliteal,  342 
occipitoaxial,  296 
odontoid,  296 
orbicular,  326 
of  ossicles.  1053 
of  ovary,  1264 
palmar,  330,  333 
palpebral,  1033 
pectinate,  of  iris,  1016 
of  pelvis,  306 
phreni  cocolic.  1168 
phrcnicolienal,  1165 
phrenico  peri  cardiac,  right.  t^2 
of  pinna  or  auricula,  1043 
plantar,  long,  356 
posterior,  330 

cricoarytenoid,  1086 
inferior,  350 
of  knee,  342 
longitudinal,  28$ 
sacroiliac,  307 
superior,  350 
Poupart’s,  412 
pterygomandibular,  385 
pterygospinous,  151,389 
pubic,  310 
pubocapsular,  337 
pubofemoral.  337 
pulmonary,  1099 
quadrate,  346 

radial  collateral,  of  el  bow -join*. 

324 

of  wrist-joint.  330 
radiate,  299 

sternocostal,  302 
of  radiocarpal  joint,  327 
radioulnar,  327 
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Ligament  or  Ligaments,  reflected 
inguinal,  413 
rhomboid,  314 

right  triangular  of  liver,  1161 
round,  of  liver,  1203 
of  uterus,  1271 
sacrococcygeal,  309 
sacroiliac,  307 
sacrosciatic,  309 
sacrospinous,  309 
sacrotuberous,  309 
of  scapula,  316 
of  shoulder-joint,  317 
sphenomandibular,  298,  389 
spinoglenoid,  317 
spiral,  of  ductus  cochlearis, 
1062 

stellate,  299 
sternoclavicular,  313 
sternocostal,  302 
sterno pericardiac,  529 
of  sternum,  302 
structure  of,  282 
stylohyoid,  393 
stylomandibular,  298,  389 
stylomaxillary.,  298 
subpubic,  310 

superficial  transverse  of 
fingers,  462 

superior  transverse  of  scapula, 
317 

suprascapular,  317 
supraspinal,  290 
supraspinous.  290 
suspensory,  of  axilla,  437 
of  eye,  1032 
of  lens,  1025 
of  mamma,  436 
of  ovary,  1264 
of  penis,  1259 
talocalcaneal,  354,  355 
talofibular,  353 
talonavicular,  dorsal,  356 
talotibial,  352 
tarsometatarsal,  360 
of  tarsus,  354 
temporomandibular,  297 
tendo  oculi,  381 
teres,  of  hip,  338 
thyroarytenoid,  inferior,  1087 
thyroepiglottic,  1086 
thyrohyoid,  1085 
tibial  collateral,  of  knee-joint, 
343 

tibiofibular,  350 
tibionavicular,  352 
transversalis  colli  uteri,  1271 
transverse  acetabular,  338 
of  atlas,  295 
carpal,  457 
crural,  490 
humeral,  319 
inferior,  351 
of  knee,  345 
metacarpal,  333 
metatarsal,  361 
of  pelvis,  430 
of  scapula,  317 
trapezoid,  315 

triangular,  of  liver,  1161,  1202 
of  urethra,  429 
of  tubercle  of  rib,  302 
ulnar  collateral,  of  elbow-joint, 
323 

of  wrist-joint,  330 
utero-sacral.  1271 
of  uterus,  1271 
ventricular,  of  larynx,  1087 
of  vertebra?,  287 
volar  carpal,  457 

metacarpophalangeal,  334 
radiocarpal,  328 
radioulnar,  327 
of  Wrisberg,  345 
of  wrist-joint,  327 


Ligament  or  Ligaments,  Y- 
shaped,  of  Bigelow,  337 
of  Zinn,  1029 

Ligamenta  accessoria  planiaria,  361 
alaria ,  296 

auricularia  [Valsalva],  1043 
barium  [<m.  metacarp .]  dorsalia , 
333 

intero8sca,  333 
volaria ,  333 

[os«.  metatars.]  dorsalia ,  360 
inter ossea,  360 
plantaria,  360 

carpometacarpece  dorsalia ,  333 
volaria ,  333 
collateralia,  361 
costoxiphoidea,  304 
cruciata  genu,  344 
cuneomctalar8ea  interossea,  360 
intercarpea  dorsalia ,  330 
inter  ossea,  330 
volaria,  330 

inter cunei/ormia  dorsalia ,  359 
inter  ossea,  359 
plantaria ,  359 
inter apinalia,  291 
intertransversaria ,  291 
navicula  ricuneiformia  dorsal ia , 
358 

plantaria ,  358 
08siculorum  auditus ,  1053 
8ternocostalia  radiata ,  302 
8U8pensoria  [of  mamma],  436 
tarsometatarsea  dorsalia ,  360 
plantaria,  360 
vocales,  1087 

Ligamentous  action  of  muscles, 
287 

Ligamentum  acromioclavicular e, 
315 

annulare  baseos  stapedis,  1054 
radii,  326 

arcuatum  pubis,  310 
bifurcatum,  356 
calcaneocuboideum  dorsale,  356 
plantar e,  356 
calcaneofibulare,  353 
calcaneonavicular e  plantarc,  357 
capituli  costa;  int er articular e, 300 
radiaium,  299 

capitulorum[os8  metacar palium] 
transversum,  333 
carpi  dorsale,  459 
transversum,  457 
volare,  457 

collaterals  carpi  radialc,  330 
ulnarc,  330 
fibularc,  343 
radialc,  324 
tibiale,  343 
u Inare,  323 
colli  costa',  302 
conoidcum,  315 
coracoacromiale,  316 
coracoclaviculare,  315 
coracohumcrale,  319 
corona rium  hepatis,  1202 
costoclaciculare,  314 
costotransversarium  anterius, 
301 

posterius,  301 

cricoarytanoideum  posterius, 
1086 

cricolhyreoideum  medium,  1086 
cricotracheale,  1085 
cruciatum  anterius,  344 
posterius,  344 

cuboideonaviculare  dorsale,  359 
plantarc,  359 
deltoideum,  352 
denticulatum,  8 85,  886 
falciforme  hepatis,  1202 
hyoepiglotticum,  1085 
hyothyreoideum  latcralc,  1085 
medium,  1085 


Ligamentum  iliofemorale ,  337 
tliolumbale ,  306 
incudis  posterius ,  1053 
superius,  1054 
inguinale  [Pour parti],  412 
refiexum  [Colleri],  413 
interclaviculare,  314 
ischiocapsulare,  337 
lacunare  [ Gimbcmati ],  413 
latum  pulmonis,  1099 
uteri,  1271 

longitudinale  anterius ,  287 
posterius,  288 
mallei  anterius,  1053 
later  ale,  1053 
superius,  1053 

malleoli  lateralis  anterius,  350 
posterius,  350 
mucosum,  346 
nuchce,  291 
patcllce,  342 
plantar e  longum,  356 
popliteum  obliquum,  342 
pubicum  superius,  310 
pubocapsulare,  337 
pulmonale,  1099 
radiocarpeum  dorsale,  330 
volare,  328 

sacrococcygeum  anterius,  309 
laterale,  310 
posterius,  309 
sacroiliacum  anterius,  307 
interos8eum,  308 
posterius,  307 
sacrospinosum ,  309 
sacrotuberosum,  309 
8phenomandibulare,  298 
sternoclavicular e,  313 
stemocostale  interarticulare,  303 
stylomandibulare,  298 
supraspinale,  290 
■  talocalcaneum  anterius,  354 
interosseum,  355 
laterale,  354 
mediate,  355 
posterius,  354 
talofibulare  anterius,  353 
posterius,  353 
lalonavicularc  dorsale,  356 
temporomandibulare,  297 
teres  femoris,  338 
hepatis,  1203 
uteri,  1271 

thyrocpiglotticum,  1086 
transversalis  colli  uteri,  1271 
transversum  acetabuli,  338 
atlantis,  295 

crus  inferiu8,  295 
superius,  295 
cruris,  490 
genu,  345 

scapulce  inferius,  317 
superius,  317 
trapezoideum ,  315 
triangulare  dextrum,  1202 
sinistrum,  1203 
tuber culi  costa ?,  302 
venosum,  1203 

Ligature  of  arteries.  See  each 
Artery. 

Ligula,  803 
Limbic  lobe,  831 
Limbs,  development  of,  70 
Limbus  fossa:  ovalis,  534 
lamina:  spiralis,  1063 
Limiting  membranes  of  retina, 
1024 

Line  or  Lines,  arcuate,  of  ilium, 
234 

j  colored,  of  Retzius,  1129 
curved,  of  ilium,  232 
gluteal,  of  ilium,  232.  233 
incremental,  of  Salter,  1129 
intercondyloid,  247 
!  intertrochanteric,  245 
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Line  or  Lines,  mylohyoid,  171 
nuchal,  127,  180 
oblique,  of  fibula,  261 
of  mandible,  170 
of  radius,  219 
pectineal,  246 
popliteal,  of  tibia,  258 
of  Schreger,  1129 
spiral,  of  femur,  245 
temporal.  132,  134,  176,  181 
Lined  alba ,  417 
aspera,  246 
nigra ,  surface  markings  of,  1328 
quadrata,  246 
8emicircularis,  417 
splendens,  885 
Linear  semilunares,  418 
Lingua ,  1134 
facies  inferior ,  1134 
tunica  mucosa,  1140 
Lingual  artery,  560 
deep,  560 

surface  markings  of,  1314 
bone,  175 

branches  of  glossopharyngeal 
nerve,  915 
gyrus,  829 
lamina,  1131 
lymph  glands,  698 
nerve,  901 
tonsil,  1140 
veins,  652 

Lingula  cert  belli,  795 
of  cerel>ellum,  795 
of  mandibuhe,  171 
of  sphenoid,  146,  192 
Lip,  tympanic,  1063 
vestibular,  1063 
Lips,  1120 
Liquor  amnii,  55 
sanguinis,  525 
Lissauer,  fasciculus  of,  767 
tract  of,  767 

Littr6,  urethral  glands  of,  1245 
Liver,  1198 

bare  area  of,  1160 
bile  ducts  of,  1207 
common,  1208 
cystic  duct,  1198 
development  of,  1203 
excretory  apparatus  of,  1207 
facies  8ubdiaphragmatica,  1294 
fixation  of,  1203 
fossae  of,  1201 
gall-bladder,  1207 
hepatic  artery,  607,  1206 
cells,  1206 
duct,  1207 
veins,  684 
ligaments  of,  1202 
lobes  of,  1201,  1202 
lobules  of,  1205 
longitudinal  fissures  of,  1201 
lymphatic  capillaries  in,  689 
vessels  of.  715 
nerves  of,  1204 
portal  vein,  685,  1206 
structure  of,  1205 
surface  markings  of,  1335 
surfaces  of,  1198 
vessels  of,  1204 
Lobe  or  Lobes,  cacuminal,  796 
of  cerebellum,  794 
of  cerebral  hemisphere,  827 
frontal,  827 
insula,  831 
limbic,  831 
occipital,  829 
olfactory,  832 
parietal,  828 
precuneus,  829 
quadrate,  829 
temporal,  829 
of  liver,  1201, 1202 
of  lung,  1106 


Lot*?  or  Lobes,  nodular,  797 
Spigelian,  1202 
of  thyroid  gland,  1280 
|  tuberal,  797  , 

uvular,  797  I 

Lobule  of  auricula,  1042 
biventral,  797 
inferior  semilunar,  797 
paracentral,  828 
parietal,  829  j 

postero-inferior,  796  j 

postero-superior,  796 
superior  semilunar,  796 
Lobules  of  liver,  1205 
of  testes,  1253 

Lobuli  glanduhv  ihyreoidear,  1280  I 
hepatis ,  1205 
Lobulus  centralis,  796 
parietalis  inferior ,  829 
superior ,  829 
semilunaris  inferior ,  797 
superior,  796 
Lobus  caudatus,  1202 
clivi ,  796 
culminri,  796 
frontalis,  827 
hepatis  dexter,  1201 
sinister,  1202 
noduli,  797 
occipitalis,  829 
olfactorius,  832 
jtarictalis,  828 
pyramid  is ,  797 
quadratus,  1202 
semilunaris,  796 
temporalis,  829 
tuberus,  797 
uvula',  797 

Localization,  cerebral,  855  , 

Lockwood,  tendon  of,  1029 
Locus  ca  ruleus,  806 
Loe went  hill's  tract,  878 
Long  buccal  nerve,  901 
calcaneocuboid  ligament,  356 
ciliary  nerves,  894 
external  lateral  ligament,  343 
-  or  internal  saphenous  nerve, 962 
root  of  ciliary  ganglion,  994 
j  saghenous  nerve,  962 
vein,  673 

subscapular  nerve,  940 
thoracic  artery,  592 

nerve,  939  I 

Longissimus  capitis  muscle,  400 
cervicis  muscle,  400 
dorsi  muscle,  400 
Longitudinal  fasciculus,  inferior, 
850 

posterior,  809 
I  superior,  850 
fissure,  cerebral,  824 
great,  824 
of  liver,  1201 
sinuses,  658,  659 
I  striae,  lateral  and  medial,  833 
sulci  of  heart,  531 
Longitudinalis  linguae  inferior 
j  muscle,  1139 

superior  muscle,  1139 
Longus  capitis  muscle,  396 
,  actions  of,  397 

nerves  of,  396 
colli  muscle,  395 
action  of,  397 

nerves  of,  397  ; 

Loop  of  Henle,  1233 
Lower  extremity,  arteries  of,  627 
articulations  of,  335 
bones  of,  231  I 

lymphatic  glands  of,  706 
vessels  of,  707  j 

muscles  of,  466 
surface  anatomy  of.  1353 
markings  of,  1362  i 

veins  of,  673 


Lower  jaw,  bones  of,  170 
lateral  cartilage,  999 
visual  centers,  820 
Lower,  tubercle  of,  534 
Lumbar  aponeurosis,  398 
arteries,  616 

enlargement  of  medulla  spina¬ 
lis,  757 
fascia,  398 
lymph  glands,  709 
nerves,  anterior,  954 
posterior,  930 
plexus  of  nerves,  955 
regions  of  abdomen,  1159 
triangle,  435 
vein,  ascending,  671,  682 
veins,  682 
vertebra?,  102 

variations  of,  104 
Lumbocostal  arch,  405 
Lumbodorsal  fascia,  398 
Lumbosacral  plexus,  954 
trunk,  954 

Lumbricales  muscles  of  foot,  495 
actions  of,  497 
nerves  of,  497 
variations  of,  495 
of  hand,  465 
actions  of,  466 
nerves  of,  466 
variations  of,  465 
Lunate  bone,  224 

surface  of  acetabulum,  237 
Lung-buds,  1079 
Lungs,  1102 

development  of,  1079 
fissures  and  lobes  of,  1 105 
nerves  of,  1109 
root  of,  1106 
structure  of.  1007 
surface  markings  of,  1325 
vessels  of,  1109 
Lunula}  of  nails,  1074 
of  semilunar  valves,  536 
Lusehka,  foramina  of,  883 
gland  of,  1293 
Luys,  nucleus  of,  818 
Lymph  Gland  or  Glands,  of  abdo¬ 
men,  708 
aortic,  709 
auricular,  697 
axillary,  703 
buccinator.  698 
cervical,  701 
of  Cloquet,  707 
deltoideopectoral,  703 
diaphragmatic,  719 
epigastric,  708 
of  face,  696 
facial,  698 
gastric,  711 

gastroepiploic,  right,  710 
of  head.  696 
hepatic,  711 
hypogastric,  708 
iliac,  708 
ileocolic,  711 
infraorbital,  698 
inguinal,  707 
intercostal.  719 
internal  mammary,  719 
lingual,  698 

of  lower  extremity,  706 
lumbar,  709 
mastoid,  697 
maxillary,  698 
mediastinal,  722 
mesenteric,  711,  714 
mesocolic,  714 
of  neck,  701 
obturator,  709 
occipital,  696 
pancreaticoduodenal,  715 
pancreaticolienal,  711 
pararectal,  715 
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Lymph  Gland  or  Glands,  para- 
tracheal,  701 
parietal,  708 
parotid,  697 
of  pelvis,  708 
popliteal,  706 
preauricular,  697 
retropharyngeal,  698 
of  Rosen  muller,  707 
sacral,  709 
splenic,  711 

Stahr,  middle  gland  of,  701 
sternal,  719 
structure  of,  692 
subinguinal,  707 
submaxillary,  701 
submental,  701 
suprahyoid,  701 
supramandibular,  698 
supratrochlear,  703 
.  of  thorax,  719 
tibial,  anterior,  706 
of  tongue.  700 
tracheobronchial,  722 
of  upper  extremity,  703 
visceral,  of  abdomen  and 
pelvis,  711 
path,  692 
sinus,  693 

Lymphatic  capillaries,  688 
distribution  of,  688 
duct,  right,  695 
nodules,  aggregated,  1186 
solitary,  1186 
of  spleen,  1297 
system,  687 

trunks,  bronchomediastinal, 
695,  696,  722 
intestinal,  695 
jugular,  695,  696 
lumbar,  696 
subclavian,  696,  696 
vessels,  691 

of  abdominal  viscera,  714 
wall,  710 

of  anal  canal  and  anus,  715 
of  auricula  and  external 
acoustic  meatus,  698 
of  bladder,  717 
of  cecum,  715 
of  colon,  715 

of  common  bile-duct,  715 
development  of,  687 
of  diaphragm,  721 
of  ductus  deferens,  718 
of  duodenum,  715 
of  esophagus,  724 
of  external  genitals,  711 
of  face,  699 
of  gall-bladder,  716 
of  gluteal  region,  708 
of  heart,  722 
of  ileum,  715 
of  jejunum.  715 
of  kidney,  716 
lacteals,  687 
of  larynx,  702 
of  liver,  715 
of  lower  extremity,  707 
of  lungs.  723 
of  mamma,  719 
of  mouth,  699 
of  nasal  cavities,  699 
of  neck,  702 
of  ovary,  718 
of  palatine  tonsil,  699 
of  pancreas,  716 
of  pelvic  viscera,  714 
of  pelvis,  710 
of  perineum,  711 
of  pharynx,  702 
of  pleura,  723 
of  prostate,  717 
of  rectum,  715 
of  reproductive  organs,  717 
88 


Lymphatic  vessels  of  scalp,  698 
of  small  intestine,  715 
of  spleen,  716 
of  stomach,  715 
structure  of,  691 
of  suprarenal  glands,  716 
of  testes,  717 
of  thoracic  viscera,  722 
wall,  719 
of  thymus,  724 
of  thyroid  gland,  702 
of  tongue,  700 
of  upper  extremity,  704 
of  ureter,  716 
of  urethra,  717 
of  urinary  organs,  716 
of  uterine  tube,  718 
of  uterus,  718 
of  vagina,  719 
of  vermiform  process,  715 
of  vesiculai  seminales,  718 
Lymphocyte,  526 
Lymphoglandul# ,  692 
auricular  es ,  697 
axillares,  703 
ceroicales ,  701 
epigastric# ,  708 
faciales  profund# ,  698 
gastricce,  711 
hepatic# ,  711 
hypogastric as,  70S 
inguinales ,  706 
intercostales,  719 
linguales,  698 
lumbales ,  709 
mediastinales ,  722 
mesenteric#,  711 
mesocolic #,  714 
occipitales ,  696 
pancreaticolienale8,  711 
parotide #,  697 
poplite #,  706 
stemales,  719 
subinguinales ,  707 
submaxillares,  791 
tibialis  anterior ,  706 
Lyra  of  fornix,  844,  875 


M 

Mace  wen,  suprameatal  triangle 
of,  138 

Mackenrodt,  ligament  of,  1271 
Macula  acustica  sacculi ,  1060 
utriculi,  1059 
cribrosa  media,  1055 
superior,  1056 
lutea,  1022,  1024 
structure  of,  1024 
Majendie,  foramen  of,  804,  883 
Malar  bone,  162 
process  of  maxilla,  159 
Male  genital  organs,  1246 

bulbourethral  glands,  1263 
ductus  deferens ,  1255 
ejaculatory  duct,  1257 
penis,  1257 
prostate,  1261 
testes  and  their  coverings, 
1246 

vesical#  seminales ,  1256 
pronucleus,  45 
urethra,  1244 
Malleolar  arteries,  639 
folds,  1047 
sulcus,  260 

Malleolus,  lateral,  259 
medial,  259 
Malleus,  1052 
development  of,  1041 
ligaments  of,  1053 
Malpighian  bodies,  kidney,  1232 
of  spleen,  1297 
capsules  of  kidney,  1232 


Mammae,  1277 
development  of,  1278 
lymphatic  vessels  of,  719 
nerves  of,  1279 
papilla  or  nipple  of,  1277 
structure  of,  1278 
vessels  of,  1279 
Mammary  arteries,  587,  592 
gland,  1277 
internal,  719 
veins,  internal,  670 
Mammillary  process,  104 
Mammillo-thalamic  fasciculus, 
875 

Mandible,  170 
angle  of,  172 
articulations  of,  173 
body  of,  170 

changes  in,  due  to  age,  173 
condyloid  process  of,  172 
coronoid  process  of,  172 
ossification  of,  172 
ramus  of,  171 
symphysis  of,  170 
Mandibula,  170 
Mandibular  arch,  65 

branches  of  facial  nerve,  911 

canal,  171 

foramen,  171 

fossa,  138,  187,  182 

nerve,  899 

notch,  172 

Manubrium  of  malleus,  1052 
of  sternum,  117 
Margin,  supraorbital,  133 
Marginal  gyrus,  828 
veins  of  foot,  673 
of  heart,  646 
Margins  of  heart,  522 
Marrow  of  bone,  85 
Marshall,  oblique  vein  of,  51 S, 
529,  647 

vestigial  fold  of,  518,  529,  647 
Martinotti,  cells  of,  851 
Massa  intermedia,  815,  822 
Masses,  lateral,  of  atlas,  97 
Masse  ter  muscle,  386 
action  of,  388 
nerves  of,  388 
Masseteric  artery,  568 
fascia,  386 
nerve,  900 

Mastoid  canaliculus,  142,  180 
cells,  140 
foramen,  139,  181 
fossa,  138 
glands,  697 
notch,  139,  179 
portion  of  temporal  bone,  139 
process,  139 
Mastzellen,  369 
Matrix  of  nail,  1074 
Maturation  of  ovum,  40 
Maxilla,  155 
articulations  of,  161 
changes  in,  due  to  age,  161 
ossification  of,  161 
Maxillary  arte  it.  external,  560 
peculiarities  of,  563 
internal,  566 
glands,  internal,  698 
nerve,  895 
inferior,  899 

process  of  inferior  nasal  concha, 
167 

of  palatine  bone,  166 
of  zygomatic  bone,  164 
processes  of  fetus,  65 
sinus,  158,  1006 
tuberosity,  156,  157 
vein,  internal,  650 
Meatus  acusticus  extemus,  1044 
cartilaginous,  1044 
osseus,  1044 
auditory,  external,  1044 
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Meatus  of  ear,  1044 
external  acoustic,  143,  182,1044 
internal,  193 
urinarius,  1245 
urinary,  1276 

Meatuses  of  nose,  195,  1000 
Mechanics  of  muscle,  37 1 
Mechanism  of  pelvis,  311 
of  respiration,  408 
of  thorax,  304 
Meckel’s  curtilages,  65,  172 
diverticulum,  53,  1182 
ganglion,  897 

Media,  refracting,  of  bulb  of  eye, 
1025 

Medial  geniculate  body,  817 
lemniscus,  810 
longitudinal  fasciculus.  809 
tarsal  arteries,  641 
wall  of  nasal  cavity,  1002 
Median  antibrachial  vein,  666 
basilic  vein,  665 
nerve,  944 

Mediastinal  arteries  from  aorta, 
604 

from  internal  mammary,  588 
lymph  glands,  722 
pleura,  1097 
Mediastinum,  1099 
testis,  1253 
Medicornu,  837 
Medidural  artery,  567 
Medifrontal  gyr$,  828 
Medulla  of  hair,  1076 
oblongata ,  771 

anterior  district  of,  774 
arcuate  fibers  of,  788 
development  of,  731 
fasciculus  cuneatus,  782 
gracilis ,  782 

fissures  and  sulci  of,  772, 
773 

formatio  reticularis,  790 
gray  substance  of,  784 
lateral  district  of,  774 
olive  of,  775 
posterior  district  of,  775 
pyramid  of,  774 
restiform  bodies  of,  782 
structure  of,  781 
spinalis ,  754 

central  canal  of,  759 
columns  of,  758 
development  of,  726 
distribution  of  nerve  cells  in, 
760 

enlargements  of,  756 
fissures  of,  757 
gray  commissures  of,  759 
substance  of,  758 
ligamentum  denticulaium,  8S3 
meninges  of,  878 
neuroglia  of,  758 
posterior  column  of,  758 
sulci  of,  757 
veins  of,  673 

white  commissure  of,  757 
substance  of,  763 
Medullary  artery  of  bone,  86 
lamina,  816 

lamina)  of  lentiform  nucleus, 
840 

membrane  of  bone,  85 
portion  of  suprarenal  gland, 
1292 

segments  of  nerves,  748 
sheath  of  nerve-fibers,  748 
spaces  of  bone,  92 
substance  of  kidney,  1231 
of  ovaries,  1268 
velum,  799,  803 
Medullated  nerve-fibers,  746 
Meibomian  glands,  1033 
Meissner’s  plexus,  1187 
tactile  corpuscles,  1069 


Membrana  atlantodccipitalis,  in¬ 
terior,  296 

posterior ,  296  j 

granulosa  [of  Graafian  follicle],  j 
1206  | 

hyothyr  coidea,  1084  j 

interossca  antebrachii ,  326 
cruris,  350 

pupillaris ,  1021  i 

tectoria  [of  atlas  and  occipital 
bone],  296 

Membrane,  anal,  1119 
arachnoid,  882 
atlantooccipital,  296 
basilar,  1064 
of  Bowman,  1015 
cell,  36 

costocoracoid,  438 
cricothyroid,  1086 
of  Demours,  1015 
of  Descemet,  1015 
elastic,  of  larynx,  1085 
fenestrated,  520 
hyaloid,  1025 
hyoglossal,  1141 
hyothyroid,  1084 
intercostal,  404 
interosseous,  of  forearm,  326 
of  leg,  350 
Jacob’s,  1024 
of  Krause,  367 
limiting,  1024 
medullary,  of  bone,  85 
of  Nasmyth,  1132 
nuclear,  36 
obturator,  478 
pharyngeal,  1110 
pupillary,  1010,  1021 
of  Reissner,  1062 
tectorial,  of  ductus  cochlearis, 
1066 

thyrohyoid,  1084 
tympanic,  1047 
vestibular,  1062 
vitelline,  45 

Membranes  of  brain  and  medulla 
spinalis,  878 
fetal,  53 
synovial,  279 

Membranous  cochlea,  1062 
cranium,  80 
labyrinth,  1059 
portion  of  urethra,  1245 
semicircular  canals,  1060 
vertebral  column,  78 
Meningeal  artery,  accessory,  568 
anterior,  552 

from  ascending  pharyngeal, 
565 

from  occipital,  564 
from  vertebral,  583 
middle,  567 

surface  marking  of,  1306 
branch  of  spinal  nerve,  927 
layer  of  dura  mater,  881 
nerve  from  hypoglossal,  924 
from  maxillaiy.  895 
Meninges  of  brain  and  medulla 
spinalis,  878 
Menisci,  282 
of  knee-joint,  344 
Meniscus,  articular,  298 
Menstrual  age  and  mean  sitting 
height  and  weight  of  fetus,  73 
Mental  foramen,  170,  187 
nerve,  903 
point,  198 
protuberance,  170 
spines,  170 
tubercle,  179 
Men  tabs  muscle,  383 
Mentohyoideus  muscle,  393 
Merkel,  tactile  disks  of,  1067 
Meroblastic  ova,  45,  note 
Mesencephalon,  50,  741,  806 


Mesenteric  arteries.  61(b  613 
lymph  glands.  711 
plexuses  of  nerves,  993 
veins,  685,  686 
Mesenteries,  1167 

mesentery  proper,  1167 
sigmoid  mesocolon,  1163.  1167 
transverse  mesocolon,  1167 
Mescnteriole  of  vermiform  pro¬ 
cess,  1188 
Mesenterium ,  1167 
Mesocardium,  arterial.  52s 
venous,  528 

Mesocolic  lymph  glands.  714 
Mesocolon,  sigmoid,  1163.  1167 
transverse,  1167 
Mesoderm,  49 
formation  of,  47 
Mesogastrium,  1112 
Mosognathion,  199 
Mesonephros,  1215 
Mesorchium,  1217 
Mesosalpinx,  1271 
Mesovarium,  1217,  1265 
Metacarpal  arteries,  599 
bones.  227 

articulations  of,  230 
characteristics  of.  22S 
ossification  of,  230 
Metacarpophalangeal  art  icula- 
tions,  334 
Metacarpus,  227 
Metanephros,  1215 
Metaphase  of  karyokinesis,  38 
Metatarsal  arteries.  641 
bones,  272 

characteristics  of,  272 
surface  anatomy  of,  1357 
veins,  676 

Metatarsophalangeal  articula¬ 
tions,  361 

surface  anatomy  of,  1365 
Metatarsus,  272 
ossification  of,  275 
Metathalamus,  735,  817 
Metencephalon,  731 
Metopic  suture,  133 
Mcynert,  basal  optic  nucleus  of, 
819 

fasciculus  rctroflexus  of,  81  > 
fountain  decussation  of.  812 
substantia  innominata  of.  843 
Microcytes,  525 
Mid-brain,  806 

development  of,  734 
Mid-carpal  joint,  329 
Middle  capsular  artery,  614 
cerebellar  peduncles,  799 
commissure  of  brain,  815 
constrictor  muscle.  1152 
costotransverse  ligament.  302 
cutaneous  nerve.  961 
dental  nerve,  897 
subsea  pul  ar  nerve,  940 
superior  alveolar  nerve,  897 
suprarenal  artery.  614 
thyrohyoid  ligament,  1085 
tibiofibular  ligament,  350 
vesical  artery,  619 
Milk  teeth,  1127 
Mitochondria  sheath,  36,  43 
Mitral  orifice,  537 
valve.  538 

Moderator  band.  536 
Modiolus  of  cochlea,  1058 
Molar  glands,  1121 
teeth,  1127 

Molecular  layer  of  cortex  of 
cerebellum,  800 
of  cerebrum,  851 
Monakow,  rubrospinal  fascii-.dus 
of.  766 

Monaster  or  mother  star,  38 
Monro,  foramen  of.  822.  846 
sulcus  of.  734  ,  822 
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\Ions  pubis ,  1275  I 

Veneris.  1275  | 

Morgagni,  hydatid  of,  1217, 1252,  ■ 
1268  | 

rectal  columns  of,  1194 
sinus  of,  1154  I 

Slorula,  46 
Moss  fibers,  802 

Mother  star  or  monaster,  38  I 

Motor  areas  of  cerebral  cortex, 
853 

end-plates,  752 
nerves,  751 

neurons,  lower  and  upper,  876 
tract,  876 

Mott,  spino-quadrigeminal  sys¬ 
tem  of,  767  I 

Mouth,  1119  | 

development  of,  1110  | 

lymphatics  of,  699  ! 

mucous  membrane  of,  1119  ' 

muscles  of,  383  j 

variations  of,  386 
Movable  articulations,  285 
Movements  admitted  in  joints, 
286 

Mucous  glands  of  tongue,  1140 
sheaths,  283  i 

of  tendons  around  ankle,  492  i 
on  back  of  wrist,  460 
on  front  of  wrist,  458  j 

Miiller,  orbitalis  muscle  of, 
1031  i 

sustentacuiar  fibers  of,  1024 
Mtlllerian  duct,  1217 

eminence,  1217  j 

Multangular  bones,  225  l 

Multicuspid  teeth,  1127 
Multifidus  muscle,  401 
action  of,  403 
nerves  of,  403 
spinse  muscle,  401 
Muscle  or  Muscles  of  abdomen, 
409 

abductor  hallucis,  493 
digiti  quinti  (foot),  494 
(hand),  464 
indicts ,  465 
minimi  digiti ,  464 
pollicis ,  462 
brevis,  462 
longus,  456 
accelerator  urines ,  429 
accessorius ,  400 
of  foot,  495 

action  of,  on  joints.  376 
adductor  brevis ,  474 
haUuci8 ,  495 
longus,  473 
magnus,  474 
minimus,  475 
obliquus  hallucis,  495 
pollicis,  463 
pollicis  obliquus,  463 
transversus,  463 
of  anal  region,  425 
anconceus,  455 
anterior  crural,  482 
femoral,  468 
vertebral,  395 

anterolateral,  of  abdomen,  409  j 
antitragicus,  1043 
of  arm,  443 
development  of,  361 
arrectores  pilorum,  1077 
articu laris  genu  or  suberureus, 
472 

aryepiglotticus ,  1092 
aryto  noideus,  1091 
attollens  aurem,  1043 
attrahens  aurem,  1043 
of  auricula  or  pinna,  1043 
auricularis,  1043 
axillary  arch,  435  j 

azygos  uvulas,  1148  I 


Muscle  or  Muscles,  of  back,  397 
surface  markings  of,  1319 
bicepB,  444 
brachii ,  444 
femoris,  481 
flexor  cubiti,  444 
biventer  cervicis,  401 
Bowman’s,  1018 
brachialis ,  445 
anlicus,  445 
brachio  radialis ,  452 
buccinator ,  384 
bulbocavemosus,  429,  431 
bundles  of  atria,  539 
of  ventricles,  541 
cantnus,  383 
cardiac,  539 
cervical,  388 
cervicalis  ascendens,  400 
chondro-epitrochlearie,  438 
chondroglossus,  1139 
ciliaris,  1017 
deidohyoideus,  394 
coccygeus ,  425 
complerus,  401 
compressor  naris ,  382 
urethras,  430,  432 
constrictors  of  pharynx,  1151 
urethra,  430,  432 
coracobrachialis,  444 
corrugator,  381 
cutis  ani,  426 
supercilii,  381 
costocoroideus,  438 
cremaster ,  415 
cricoarytrsnoideus,  1091 
cricoarytenoid,  1091 
cricothyreoideus,  1090 
cricothyroid,  1090 
crureus,  472 
deltoid,  440 
deltoideus,  440 
depressor  alae  nasi,  382 
anguli  oris,  383 
labii  inferioris,  383 
8epii,  382 

detrusor  urines,  1243 
development  of,  364 
diaphragm,  405 
digastric,  392 
digastricus,  392 
dilatator  naris,  382 
pupillce,  1020 
dorsal  antibrachial,  452 
dorsoepitrochlearis  brachii,  435 
ejaculator  urines,  429 
epicranius,  379 
epitrochleo-ancon»U8,  449 
erector  clitoridis,  431 
penis,  429 
spines,  398 

extensor  carpi  radialis  acces¬ 
sorius,  453 
brevior,  453 
brevis,  453 
intermedius,  453 
longior,  453 
longu8 ,  453 
ulnaris,  455 
hallucis  brevis,  492 
coccygis,  402 

digiti  quinti  proprius ,  455 
digit orum  brevis,  492 
communis,  453 
longus ,  483 
hallucis  longus,  483 
indicis,  457 
proprius,  457 
minimi  digiti,  455 
ossis  metacarpi  hallucis,  483 
pollicis,  456 
poUicis  brevis,  456 
longus,  456 

primi  internodii  pollicis,  456 
proprius  hallucis,  483 


Muscle  or  Muscles,  extensor  se- 
cundi  internodii  pollicis,  456 
external  sphincter  ani,  426 
of  eyelids,  380 
fasciculi  of,  366 
fibers  of,  366 
fixation,  364 
flexor  accessorius ,  495 

longus  digitorum,  487 
brevis  minimi  digiti,  465,  496 
carpi  radialis,  447 
ulnaris,  448 

digiti  quinti  brevis  [foot],  496 
[of  hand],  465 
digitorum  brevis,  494 
longus,  487 
profundus ,  449 
sublimis,  449 
hallucis  brevis,  495 
longus,  487 
pollicis  brevis,  462 
longus,  450 
of  foot,  492 
of  forearm,  446 
form  of,  363 
frontalis,  379 
gastrocnemius ,  484 
gemellus ,  479 
genioglossu8,  1138 
geniohyoglossus,  1138 
geniohyoid,  394 
geniohyoideus,  394 
glos8opalatinus ,  1138,  note,  1148 
glutcsus  maxirnu8,  475 
medius,  475 
minimus,  476 
of  gluteal  region,  475 
gracilis,  472 
hamstring,  481 
of  hand,  457 
of  head,  379 

development  of,  365 
helicis  major ,  1043 
minor,  1043 
hyoglossus,  1138 
of  iliac  region,  467 
i liacus,  468 
minor,  468 
iliocapsiilaris,  468 
Uiococcygeus,  425 
iliocostalis,  400 
cervicis,  400 
dorsi,  400 
lumborum,  400 
iliosacralis,  425 
incisivus  labii,  385 
infracostal,  404 
infrahyoid,  394 
infraspinatus,  442 
insertion  of,  363 
intercostal,  404 
inter  costales,  404 
intermediate  volar,  466 
internal  sphincter  ani,  427 
interossei,  dorsal,  497 
of  foot,  497 
of  hand,  465 
plantar,  497 
interossei  volares,  466 
interosseus  volaris  primus,  466 
inter spinales,  401 
intertransversales,  402 
intertransversarii,  402 
ischiocavemosus,  429,  431 
of  larynx.  1090 
lateral  cervical,  389 
crural,  488 
vertebral,  397 
volar,  462 

latissimus  dorsi,  433 
of  leg,  482 

development  of,  365 
levator  anguli  oris,  383 
scapula*,  436 
ani,  423 
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Muscle  or  Muscles,  levator  clavi- 
culfie,  436 

gland ulce  thyreoideae,  1281 
menti,  383 
paluti,  1149 

palpebrce  superioris,  1028 
prrostatee,  425 
scapular ,  436 
veli  palatini ,  1148 
levator  es  cost  arum,  404 
Lingual  is,  1139 
lonoissimus  capitis,  400 
cervicis ,  400 
dorsi,  400 

longitudinals  lingua,  1139 
longus  capitis,  396 
colli,  395 

of  lower  extremity,  466 
lumbricales  [of  foot],  495 
[of  hand],  465 
lymphatics  of,  368 
mas8eter ,  386 
of  mastication,  386 
mechanics  of,  371 
medial  femoral,  472 
volar ,  463 
mentals,  383 
mentohyoideus,  393 
of  mouth,  383 
multifidus,  401 
spin  re,  401 

musculus  uvulffl,  1148 
mylohyoid,  394 
mylohyoideus,  394 
nasalis ,  382 
nasolabialis ,  386 
of  neck,  388 

nerves  and  vessels  of,  368 
of  nose,  382 
oblique,  410,  413 
inferior,  1030 
superior,  1029 
obliquus  auricula,  1043 
capitis,  403 

externus  abdominis,  411 
inferior,  403 
internus  abdominis,  413 
oculi,  1029,  1030 
superior,  403 
obturator  externus,  480 
internus,  478 
occipitalis,  379 
occipitofrontalis,  379 
ocular,  1028 
omohyoid.  395 
omohyoideus,  395 
opponens  digiti  guinti  [of  foot], 
496 

[of  hand],  465 
minimi  digiti,  465 
pollicis,  462 
orbicularis  oculi,  380 
oris,  385 

palpebrarum,  380 
orbitalis  of  H.  Muller,  1031 
origin  of,  363 
ossiculorum  auditus,  1054 
of  palate,  1148 

palatoglossus,  1138,  note,  1148 
palatopharyngeus,  1148 
palmar  is  brevis,  464 
longus ,  447 
pectineus,  473 
pectoralis  major,  437 
minimus,  439 
minor ,  439 
of  pelvis,  421 

perineal,  superficial  transverse, 
428,  431 

of  perineum,  425 
peroiucus  accessorius,  490 
brevis,  489 
longus,  488 
quart  us,  490 
quiuti  digiti,  490 


Muscle  or  Muscles,  peronccus 
tertius,  484 

peroneocalcaneus  externum, 
490 

internus,  487 
peroneocuboideus,  490 
peroneotibialis,  487 
pharyngopalatinus ,  1148 
of  pharynx,  1151 
of  pinna  or  auricula,  1043 
piriformis,  477 
pisiannularis,  465 
pisimetacarpus,  465 
pisiuncinatus,  465 
plantar,  first  layer,  493 
fourth  layer,  497 
second  layer,  495 
third  layer,  495 
plantar  is,  485 
plate,  77 
platysma,  388 
popliteus,  486 
minor,  487 
posterior  crural,  484 
femoral,  481 
procerus ,  382 
pronator  quadratus ,  450 
teres,  447 

psoas  magnus,  468 
major,  468 
minor,  468 
parvus,  468 
pterygoid,  387 
pierygoideus  externus,  387 
internus,  387 
pubococcygeus,  425 
puborectalis,  425 
pubovesicales,  1241 
pull,  action  of,  on  tendon,  372 
direction  of,  371 
pyramidalis  abdominis,  417 
nasi,  382 

quadratus  femoris ,  479 
labii ,  383 
lumborum,  421 
menti,  383 
planUe,  495 

quadriceps  extensor,  471 
femoris,  471 
recti  [of  eyeball],  1029 
rectococcygeal,  1196 
rectovesicales,  1241 
rectus  abdominis,  416 
capitis  anterior,  396 
lateralis,  396 
posterior,  402 
anticus,  396 
posticus,  402 
femoris,  471 
retrahens  aurem,  1043 
rhomboideus  major,  435 
minor,  435 
occipitalis,  436 
risoriu8,  386 
rotatores,  401 
spina>,  401 
sacrospinalis,  398 
salpingo  pharyngeus,  1154 
sarcous  elements  of,  367 
sartorius,  471 
scalenus  anterior ,  397 
anticus,  397 
medius,  397 
pleuralis,  397 
posterior,  397 
posticus,  397 
of  scalp,  379 
semimembranosus,  481 
semispinalis  capitis,  401 
cervicis ,  401 
colli,  401 
dorsi,  401 

semitendinosus,  481 
sense,  impulses  of,  857 
serratus  anterior,  439 


Muscle  or  Muscles,  «errnTu$ 
magnus.  439 
posterior,  405 
posticus.  405 
soleus ,  485 

sheaths,  lymphatic  capillari*. 
in,  688 

of  shoulder-girdle,  development 
of,  365 

sphincter  ani,  426 
externus,  426 
internus,  427 
pupilUr,  1020 
recti,  425 

urethne  rn em bra naceu , 430,431' 
vaginae ,  431 
vesicce,  1243 
spinalis  capitis,  401 
cervicis,  401 
colli,  401 
dorsi ,  400 

splenius  capitis ,  398 
cervicis,  398 
colli,  398 
stapedius,  1054 
sternalis,  438 
sternoclavicularis,  439 
stemocleidomasloideus,  391 
sternohyoid,  394 
slemokyoideus,  394 
sternomastoid,  391 
stemothyreoidcus,  394 
sternothyroid,  394 
strength  of.  372 
striped,  366 
structure  of,  366 
styloglossus,  1139 
stylohyoid,  393 
stylohyoideus,  393 
stylopharyngcus,  1154 
subanconaus,  446 
subclavius,  439 
subcostalcs,  404 
suberureus,  472 
suboccipital,  402 
subscapularis,  441 
superficial  cervical,  3sS 
supinator,  455 
brevis,  455 
longus,  452 
suprahyoid,  392 
supraclavicularis,  39 1 
supracostalis.  404 
supraspinal  us,  441 
suspensory, of  duodenum.  1  IN' 
synergic,  364 
temporal,  387 
temporalis,  387 
tendons  of,  368 
tensor  palali,  1148 
tarsi,  381 
tympani,  1054 
veli  palatini,  1148 
teres  major,  443 
minor,  442 
of  thigh,  468 
of  thorax,  403 

surface  anatomy  of,  1322 
tibiofacialis  anterior,  482 
thyreoarytomoideus,  1092 
thyreoepiglotticus,  1092 
thyrohyoideus.  395 
thyroarytenoid,  1092 
thyrohyoid,  395 
tibialis  anterior,  4S2 
anticus,  482 
posterior,  487 
of  tongue,  1137 
trachealis,  1096 
trachelomastoid,  400 
tragicus,  1043 
transversal  is,  415 
cervicis,  400 

transversus  abdominis,  415 
auriculae,  1043 
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Muscle  or  Muscles,  transversus 
lingua: ,  1139 
menti,  383 
nucha,  380 
pedis ,  495 
perimei,  428,  430 
profundus,  430,  432 
superficialis  [in  female],  431 
[in  male],  428 
thoracis ,  404 
trapezius,  433 
triangularis,  383 
sterni,  404 
triceps,  445 
brachii,  445 
extensor  cubiti,  445 
sura,  485 
of  trunk,  397 
of  tympanic  cavity,  1054 
of  upper  extremity,  433 
of  ureters,  1243 
urogenital  region  [female],  431 
[male],  427 
of  uvula,  1148 
vastus  externus,  471 
intermedius,  472 
intemus,  472 
lateralis ,  471 
medialis,  472 
ventriculari8,  1092 
ventrolateral,  of  neck,  develop¬ 
ment  of,  365 
vertebral,  395,  397 
verticalis  lingua,  1140 
vocalis,  1092 
volar  antibrachial,  446 
voluntary,  366 
work  accomplished  by,  365 
tygomaticus ,  383 
major,  383 

Muscular  fibers  of  heart,  539 
process  of  arytenoid  cartilage, 
1083 

tissue,  cardiac,  544 
triangle,  395,  1315 
Muscularis  mucosce,  1183 
Musculature  structure  of  heart, 
539 

Musculi  oculi,  1028 

0S8iculorum  auditus,  1054 
papillares  [of  left  ventricle],  538 
[of  right  ventricle],  535 
peclinati  [of  left  auricle],  537 
[of  right  auricle],  533 
pubovesicalcs,  1241 
Musculocutaneous  nerve  of  arm, 
941 

of  leg,  972 

Musculophrenic  artery,  588 
Musculospiral  groove,  211 
nerve,  949 

Myclencephalon,  731 
Myelocytes.  86 
Myeloplaxes,  86 
Mylohyoid  artery,  568 
groove,  171 
line,  171 
muscle,  394 
nerve,  902 

Mylohyoidcus  muscle,  394 
action  of,  394 
nerves  of,  394 
variations  of,  394 
Myocardium,  539 
Myocu-1,  51 
Myology,  363 


N 

Nails,  1074 
Narcs,  998,  1000 
Nasal  aperture,  anterior,  196 
artery,  575 
lateral,  563 


Nasal  bones,  154 

articulations  of,  155 
ossification  of,  155 
cartilages,  998,  999 
cavities,  194,  1000 
arteries  of,  1004 
lymphatic  capillaries  in,  690 
vessels  of,  699 
mucous  membrane  of,  1003 
nerves  of,  1004 
veins  of,  1004 
vestibule  of,  1000 
concha,  inferior,  167 
middle,  154 
superior,  154 
crest,  161,  165 
duct,  1037 
fossa,  1000 
index,  198 
|  lamina*,  67 

mucous  membrane,  1003 
|  nerve  from  ophthalmic,  894 
I  nerves  from  nasopalatine  gan- 
glion,  899 

notch  of  frontal  bone,  134 
of  maxilla,  156 
|  part  of  frontal  bone,  134 
of  pharynx,  1150 
|  process  of  frontal  bone,  134 
of  maxilla,  159 
processes  of  fetus,  66 
|  septum,  194,  1000 

spine,  anterior,  156,  161 
!  of  frontal  bone,  134 
posterior,  165,  177 
Nasalis  muscle,  382 
action  of,  382 
nerves  of,  382 
Nasion,  134,  185,  198 
Nasmyth’s  membrane,  1132 
Nasociliary  nerve,  894 
Nasofrontal  vein,  663 
Nasolabialis  muscle,  386 
Nasolacrimal  duct,  1037 
Nasooptic  furrow,  68,  1012 
Nasopalatine  nerve,  899 
i  recess,  1 003 
j  Nasopharynx,  1150 
Xasus  externus,  998 
Navicular  bone  of  carpus,  222 
of  tarsus,  270 
fossa,  1277 

Neck,  lymphatic  glands  of,  701 
vessels  of,  702 
muscles  of,  388 

development  of,  365 
triangles  of.  1315 
veins  of,  650 
N£laton’s  line,  1362 
;  Neopallium,  737 
Nerve  cells,  743 

of  cerebellar  cortex,  800 
of  cerebral  cortex.  851 
of  medulla  spinalis,  761,  762 
|  endings,  free,  1067 

fasciculi  of  medulla  spinalis, 
763 

J  fibers  of  cerebral  cortex,  852 
medullated,  746 
non-medullated,  749 
!  roots,  922.  954 
Nerve  or  Nerves,  abducent,  905 
j  accessory,  919 
■  acoustic,  911,  1066 
alveolar,  896,  897,  901 
anococcygeal,  974 
anterior  crural,  959 
interosseous,  944 
I  superior  alveolar,  897 

I  thoracic,  939 

tibial,  971 

antibrachial  cutaneous,  942, 
943 

Arnold’s,  917 
auditory,  911 


Nerve  or  Nerves,  auricular  of 
auriculotemporal.  901 
great,  932 
posterior,  911 
of  vagus,  917 
auriculotemporal,  901 
axillary,  940 

brachial  cutaneous,  lateral,  940 
medial,  943 
posterior,  949 
bronchial,  919 
buccal,  of  facial,  911 
long,  901 
buccinator,  901 
calcaneal,  medial,  969 
cardiac,  cervical,  918 
great,  985 
of  sympathetic,  985 
thoracic,  918 
of  Vagus,  918 

caroticotympanic,  984,  1055 
carotid  of  glossopharyngeal, 
915 

cavernous,  of  penis,  995 
celiac,  of  vagus,  919 
cerebral,  887.  See  Cranial, 
cerebrospinal,  structure  of,  749 
cervical,  944 
cutaneous,  943 
divisions  of,  927,  931 
of  facial,  911 
transverse,  934 
chorda  tympani,  910,  1055 
ciliary,  894,  895 
circumflex,  940 
of  clitoris,  974 

coccygeal,  division  of,  931,  963 
cochlear,  912,  1067 
cranial,  887 
abducent,  905 
accessory,  919 
acoustic,  911 
central  tract  of,  810 
composition  and  central  con¬ 
nections  of,  861 
facial,  907 

glossopharyngeal,  912 
hypoglossal,  920 
oculomotor,  890 
olfactory,  887 
optic,  888 

thalamic  tract  of,  811 
trigeminal,  892 
trochlear,  891 
vagus,  916 
j  crural,  anterior,  961 
cutaneous  cervical,  933 
external,  959 
internal,  943,  961 
lesser,  943 
middle,  961 

deep  branch  of  radial,  950 
of  ulnar,  949 
peroneal,  971 
petrosal,  898 
temporal,  900 

descending  ramus  of  hypo¬ 
glossal,  924 
development  of,  725 
digastric,  from  facial,  911 
digital,  of  lateral  plantar,  969 
of  medial  plantar,  969 
of  median,  944 
of  radial,  950 

of  superficial  peroneal,  972 
of  ulnar,  949 

dorsal  antibrachial  cutaneous, 
950 

branch  of  ulnar,  948 
cutaneous,  969,  972 
digital,  971 
of  penis,  974 
scapular,  938 
j  of  dura  mater,  SSI 
1  dural,  917 
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Nerve  or  Nerves,  eighth,  911 
eleventh,  919 
end-organs  of,  1067 
endoneurium  of,  749 
epineurium  of,  749 
esophageal,  919 
external  nasal,  897 
plantar,  969 
popliteal,  970 
pterygoid,  901 
saphenous,  969 
spermatic,  959 
facial,  907 
femoral,  961 

cutaneous,  anterior,  961 
lateral,  959 
posterior,  965 
fifth,  892 
first,  887 
fourth,  891 
frontal,  893 
ganglia  of,  752 
gastric  branches  of  vagus,  i 
919 

genitocrural,  959 
genitofemoral,  959 
glossopharyngeal,  912 
gluteal,  965,  966 
great  auricular,  932 
greater  occipital,  929 
splanchnic,  987 
superficial  petrosal,  898 
hemorrhoidal,  inferior,  974 
hepatic  branches  of  vagus, 
919 

hypoglossal,  920 
iliohypogastric,  956 
ilioinguinal,  958 
incisive,  903 
inferior  dental,  903 
infraorbital,  995,  note 
infrapatellar,  962 
infratrochlear,  894 
intercostal,  951 
intercosto brachial,  952 
intermedius  of  Wrisberg,  917 
internal  calcaneal,  969 
cutaneous  of  arm,  943 
carotid,  983 
plantar,  969 
popliteal,  966 
saphenous,  952 
interosseous,  dorsal,  950 
volar,  944 

Jacobson’s,  915,  1055 
jugular,  984 
labial  posterior,  974 
superior,  897 
lacrimal,  893 
of  Lancisi,  874 
laryngeal,  918 

laryngopharyngeal  of  sympa¬ 
thetic,  984 

lateral  anti-brachial  cutaneous, 
941,  942 

brachial  cutaneous,  940 
femoral  cutaneous,  959 
plantar,  969 
sural  cutaneous,  970 
lesser  splanchnic,  897 
lingual,  901 

of  glossopharyngeal,  915 
long  ciliary,  894 
saphenous,  962 
subscapular,  940 
thoracic,  939 
lowest  splanchnic,  989 
lumbar,  divisions  of,  930,  954 
lumboinguinal,  959 
lumbosacral  trunk,  954 
mandibular,  899 
of  facial,  911 
masseteric,  900 
maxillary,  895 
inferior,  899 


Nerve  or  Nerves,  medial  anti- 
brachial  cutaneous,  943 
brachial  cutaneous,  943 
sural  cutaneous,  968 
plantar,  969 
median,  944 

meningeal,  of  hypoglossal,  924 
of  maxillary,  995 
middle,  895 
of  spinal,  922 
of  vagus,  917 
mental,  903 

middle  superior  alveolar,  897 
motor,  751 

musculocutaneous,  of  arm,  941 
of  leg,  972 
musculospiral,  949 
mylohyoid,  902 
nasal,  of  ophthalmic,  894 
from  sphenopalatine  gan¬ 
glion,  899 
nasociliary,  894 
nasopalatine,  899 
ninth,  912 
obturator,  959 
accessory,  961 
occipital,  greater,  929 
smaller,  932 
third,  929 
oculomotor,  890 
olfactory,  887 
ophthalmic,  893 
optic,  888 
orbital,  899 
origins  of,  751 
palatine,  899 

palmar  cutaneous,  of  median, 
944 

of  ulnar,  948 
palpebral,  inferior,  897 
perforating  cutaneous,  973 
perineal,  974 
perineurium  of,  749 
plexus  of,  750 
annular,  1016 
aortic  abdominal,  993 
Auerbach’s,  1187 
brachial,  936 
cardiac,  990 
carotid,  983 
cavernous,  984 
celiac,  991 
cervical,  931 
posterior,  927,  928,  929 
choroid,  of  fourth  ventricle, 
804 

of  lateral  ventricle,  846 
of  third  ventricle,  821 
coccygeal,  974 
of  cornea,  1016 
coronary,  991,  993 
esophageal,  916,  919 
of  Exner,  852 
gastric,  919,  993 
hemorrhoidal,  993 
hepatic,  992 
hypogustric,  993 
infraorbital,  897 
lienal,  992 
lumbar,  954 
lumbosacral,  954 
Meissner’s,  1187 
mesenteric,  993 
myenteric,  1187 
ovarian,  993 
parotid,  908 
patellar,  959,  962 
pelvic,  993 

pharyngeal,  915,  918,  985 
phrenic,  991 
prostatic,  994 
pudendal,  972 
pulmonary,  916,  919 
renal,  993 
sacral,  963 


Nerve  or  Nerves,  plexus  of,  sohr. 
991 

spermatic,  993 
splenic,  992 
of  submucosa,  1187 
subsartorial,  952 
suprarenal,  993 
tonsillar,  915 
tympanic,  1055 
uterine,  995 
vaginal,  995 
vesical,  994 
peroneal,  970,  971,  974 
petrosal,  deep,  898,  983 
external,  984 

greater  superficial.  89S 
smaller  superficial,  1055 
large,  deep,  898 

superficial,  898,  909 
pharyngeal,  of  glossopharyn¬ 
geal.  915 

of  sphenopalatine  ganglion. 
899 

of  vagus,  917 
phrenic,  934 
plantar,  969 
pneumogastric,  916 
popliteal,  966,  970 
posterior  scrotal,  974 
of  pterygoid  canal,  89S.  983 
to  pterygoideus  externum,  901 
internus,  900 
pterygopalatine,  899 
pudendal,  973 
inferior,  966 
pudic,  internal,  973 
pulmonary,  919 
radial,  949 

rami  communicantes,  grav  and 
white,  908,  982 
recurrent,  918 
reflexes,  trigeminal,  905 
respiratory,  of  Bell.  934,  939 
to  rhomboids,  938 
roots,  769,  924 
sacral,  963 
saphenous,  962,  969 
sciatic,  966 
scrotal,  posterior,  974 
second,  888 
seventh,  907 
short  ciliary,  895 
sixth,  905 

smaller  occipital,  932 
spermatic,  external,  959 
sphenopalatine  branches  of 
maxillary,  896 
spinal,  922 
accessory.  919 
composition  and  central  con¬ 
nections  of,  855 
development  of,  728 
divisions  of,  927.  931 
roots  of,  769,  922 
splanchnic,  987 
to  stapedius,  910 
stylohyoid,  911 
to  subclavius.  939 
subscapular,  939,  940 
superior  labial  897 
superficial  branch  of  radial,  950 
of  ulnar,  948 
supra-acromi&l,  934 
Bupraclavicular,  934 
supraorbital,  894 
suprascapular,  938 
suprasternal.  934 
supratrochlear,  894 
sural,  969 

lateral  cutaneous,  970 
sympathetic,  974 
cranial,  976 
sacral,  979 
structure  of,  751 
thoracolumbar,  980 
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Nerve  or  Nerves,  of  ta9te,  998 
temporal,  deep,  901 
of  facial,  911 
temporomalar,  895 
tenth,  916 
terminations  of,  751 
third,  890 
thoracic,  divisions  of,  929,  939 
thoracodorsal,  940 
thyrohyoid,  924 
tibial,  966 
anterior,  971 
of  tongue,  1141 
tonsillar,  915 
transverse  cervical,  933 
trifacial,  892 
trigeminal,  892 

central  tract  of,  811 
trochlear,  891 
twelfth,  920 

tympanic,  of  glossopharyngeal, 
915,  1055 
ulnar,  945 

collateral,  949 
of  urethral  bulb,  974 
vagus,  916 
vestibular,  912,  1066 
Vidian,  898 
volar  digital,  934 
interosseous,  934 
of  Wrisberg,  943 
zygomatic,  895 
of  facial,  911 
zygomaticofacial,  896 
zygomaticotemporal,  896 
Nervi  anococcygei ,  974 
auriculares  anteriores,  901 
carotid  extemi,  985 
cavernosi  penis  minoresf  995 
cerebrates,  887 
cervical es,  927,  931 
ciliare8  longi ,  894 
clunium  inferiores,  966 
coccygeus,  931,  963 
communicantes  cervicales ,  934 
hypoglossi ,  934 

digitales  dorsales  halluds,  971 
plantar  es  communes ,  969 
proprii,  969 
ethmoidales ,  894 
intercostales,  951 
lumbales,  930 
anterior  es ,  954 
posteriores,  930 
nervorum,  750 
olfactorii,  887 
palatini ,  899 
sacrales,  930,  963,  974 
sphenopalatini ,  896 
spinales,  922 

rami  anteriores ,  931 
posteriores,  934 
subscapulares,  939 
supraclavicular  es,  934 
temporale8  profundi,  901 
thoracales ,  929  | 

anteriores,  939,  950 
Nervous  system,  description  of, 
725 

development  of,  725 
histology  of,  743 
Nervus  abducens,  905 
accessorius,  919 

ramus  extemus,  919 
internus,  919 
acusticus,  1066 
alveolaris  inferior,  902 
auricularis  magnus,  932 
posterior,  911 
auriculotemporalis,  901 
axillaris,  940 
buccinatorius,  911 
canalis  pterygoidd ,  898 
cardiacus  inferior ,  987 
mediu8,  985 


Nervus  cardiacus ,  superior ,  985 
caroticotympanicus  inferior ,  915 
superior,  915 

cavernous  penis  major,  995 
cochlearis,  1067 
clunium  inferior  medialis ,  973 
infer  iores,  966 
comtnunicans  fibularis,  970 
tibialis,  968 

cutaneus  antebrachli  dorsalis, 
950 

lateralis,  942 
medialis,  943 
brachii  medialis,  943 
posterior,  949 
colli,  933 

dorsalis  intermedius,  972 
medialis,  972 
femoralis  lateralis,  959 
posterior ,  965 
surer  lateralis,  970 
medialis,  968 
descendens  cervicales,  934 
dorsalis  clitoridis,  974 
penis ,  974 
8capul(r,  938 
facialis,  908 

rami  buccales,  911 
temporales,  911 
zygomatid,  911 
ramus  colli,  911 
digastricus.  911 
marginalia  mandibulee,  911 
stylohyoideus,  91 1 
femoralis,  961 
frontalis,  893 
furcalis ,  955 
genito femoralis,  959 
glossopharyngeus,  912 
ganglion  petrosum,  914 
superius,  914 
rami  linguales,  915 
pharyngei,  915 
tonsillares,  915 
ramus  stylopharyngeus,  915 
glutceus  inferior,  965 
superior,  965 

hcemorrhoidalis  inferior,  974 
hypoglossus,  920 

ramus  descendens,  922 
thyreohyoideus,  922 
Uiohypogastricus,  956 
ilioinguinalis,  958 
infratrochlearis ,  894 
intermedius  [of  Wrisberg],  907 
interosseus  dorsalis,  950 
volaris,  944 
isckiadicus ,  966 
lacrimalis ,  893 
laryngeus  superior,  918 
lingualis,  901 
lumboinguinalis,  959 
mandibularis,  899 
massetericus ,  900 
maxillaris,  895 

rami  alveolares  superiores 
posteriores,  896 
labialis  superiores,  897 
nasale8  extemi,  897 
palpebrales  inferiores ,  897 
ramus  alveolaris  superior  an * 
ter  iores,  897 
medius,  897 

meatus  auditorii  extemi,  901 
medianus,  944 
meningeus  medius,  895 
musculocutaneus,  941 
mylohyoidcus ,  902 
nasodliaris,  894 
obturatorius,  959 
accessorius,  961 
ocdpitali8  major,  929 
minor,  932 
oculomotorius,  890 
ophthalmicus,  893 


Nervus  opticus ,  888 
palatinu8,  899 
perinei,  974 

peronceus  communis,  970 
profundus,  971 
petrosus  profundus,  898 
superficialis  major ,  898 
phrenicus,  934 
plantar  is  lateralis,  969 
medialis ,  969 
pterygoideus  extemus ,  901 
internus,  900 
pudendus ,  973 
radialis,  949 
recurrens,  918 
saphenus,  962 
spermaticus  extemus,  959 
|  spinosus,  900 
splanchnicus ,  987 
stapedius,  910 
8ubclavius,  939 
subscapularis,  939 
8upraorbitalis,  894 
8upralrochlearis,  894 
suralis,  969 
thoracalis  longus,  939 
thoracodorsalis,  940 
tibialis,  966,  967,  969 
trigeminus,  892 
trochlearis,  891 
tympanicus,  915 
ulnaris,  942 

rami  musculares ,  948 
ramus  cutaneus  palmaris,  948 
dorsalis  manus,  948 
profundus ,  949 
superficialis,  948 
volaris  manus ,  948 
vagus,  916 

rami  bronchioles,  917 
cardiad,  918 
cceliaci,  919 
gastrid,  919 
hepatica,  919 
assophagei ,  919 
ramus  auricularis,  917 
meningeus,  917 
pharyngeus,  917 
vestibularis,  1066 
zygomaticus,  895 
Net- work,  carpal,  598 
malleolar,  640 

Neumann,  dentinal  sheath  of, 
1128 

Neural  arch,  94 
canal,  49 
crest,  49,  728 
folds,  49 
groove,  49 
tube,  49 

Neurenteric  canal,  49 
Neuro blasts,  727 
Neurocentral  synchondrosis,  110 
Neuroglia,  743 
of  cord,  759,  760 
Neurokeratin,  748 
Neurolemma,  747 
Neurology,  725 
Neuromeres,  755 
Neuromuscular  spindles,  1069 
Neuron  theory,  753 
Neurons,  motor,  876 
Neuro  tendinous  spindles,  1069 
Neutrophil  colorless  corpuscles, 
526 

Nidus  avis  of  cerebellum,  797 
Ninth  nerve,  912 
Nipple  or  papilla  of  mamma,  1277 
Nissl’s  granules,  746 
Node,  atrioventricular,  543 
sinoatrial,  540 
Nodes  of  Ranvier,  748 
Nodular  lobe,  796 
Nodule  of  cerebellum,  790 
Noduli  lymphatici  aggregati,  11S6 
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Moduli  lymphatici  solitarii,  1186, 
1197 

Modulus  vermis,  796 
Non-medullated  nerve  fibers,  749 
Norm®  of  skull,  basalis,  197 
frontalis,  1n4 
lateralis,  ISO 
occipitalis,  184 
verticalis,  176 
Normoblasts,  86 
Nose,  998 

accessory  sinuses  of,  1 005 
alar  cartilages  of,  999 
arteries  of,  1000,  1004 
cartilage  of  septum  of,  998 
cartilaginous  frame-work  of, 
99  * 

cavities  of,  1000 
development  of,  66 
external,  998 
lateral  cartilage  of,  999 
lymphatics  of,  699 
mucous  membrane  of,  1003 
muscles  of,  382 
variations  of,  382 
nerves  of,  1004 
veins  of,  1004 
Notch,  acetabular,  237 
cardiac,  1105 
cerebellar,  794 
ethmoidal,  135 
intertragic,  1042 
jugular,  129 
lacrimal,  157 
mandibular,  172 
mastoid,  139,  179 
nasal,  of  frontal,  134 
of  maxilla,  156 
parietal,  139 
preoccipital,  824 
prestern  al,  118 
of  Rivinus,  1046 
scapular,  204 
sciatic,  234 

semilunar,  of  ulna,  220 
sphenopalatine,  167 
superior  thyroid,  1081 
supraorbital,  134,  185,  189 
ulnar,  of  radius,  220 
umbilical,  of  liver,  1201 
vertebral,  95 
Notochord,  51 
Nuchal  line,  127,  180 
Nuck,  canal  of,  1221,  1271 
Nuclear  layer  of  cerebellar  cortex, 
801 

layers  of  retina,  1023 
membrane,  36 
substance,  36 

Nucleated  sheath  of  Schwann, 
748 

Nuclei  of  cochlear  nerve,  794, 912 
of  glossopharyngeal  and  vagus 
nerves,  785 

of  oculomotor  nerve,  890 
olivary,  787 

of  origin  of  motor  nerves,  887 
pontis,  792 

of  trigeminal  nerve,  793,  813 
of  vestibular  nerve,  794,  912 
Nucleoplasm,  36 
Nucleus,  36 

of  abducent  nerve,  793 

of  accessory  nerve,  919 

ambiguus ,  785 

amygdahr. ,  841 

amygdaline,  797 

amygdaloid,  875 

arcuatus ,  788  i 

of  Bechterew,  794 

caudate,  839 

caudatus ,  839 

of  a  cell,  36 

of  Darkschewitsch,  818 
of  Deiters,  794,  809  I 


Mucleus  dentatus  [of  cerebellum], 
802 

dorsalis,  763 
emboliformis ,  802 
of  facial  nerve,  793,  908 
fastigii,  802 
]  globosus ,  802 

of  hypoglossal  nerve,  785 
inferior  central,  790 
intercalatus ,  805 
of  lateral  lemniscus,  912 
lateralis ,  790 
of  lens,  1027 
lenticular,  840 
lentiform,  840 
lentiformis,  840 
of  Luys,  818 

of  medial  longitudinal  fascicu¬ 
lus,  809 

nervus  abducent  is,  793 
facialis,  793 
trigemini,  793 

i  of  oculomotor  nerve,  794,  813 
olivaris  superior,  793 
olivary,  787,  793 
of  posterior  commissure,  818 
pulposus,  79 
red,  808 
of  Roller,  790 
segmentation,  45 
sensor3\  908 
trapezoid,  793 
of  trochlear  nerve,  813 
of  vagus  nerve,  785 
of  vestibular  nerve,  794 
Nuel,  space  of,  1066 
Nuhn,  glands  of,  1140 
Nutrient  artery  of  bone,  86 
of  fibula,  642 
surface  markings  of,  1352 
of  tibia,  642 
Nutritive  yolk,  38 
|  Nymph®,  1276 


I  ° 

I  Obelion,  176,  198 
I  Obex,  804 
j  Oblique  cord,  326 
I  ligament,  326 
line  of  fibula,  261 
of  mandible,  170 
of  radius,  219 
muscles,  410,  413 
|  inferior,  1030 

,  superior,  1029 

I  popliteal  ligament,  342 
ridge  of  clavicle.  200 
sinus  of  pericardium,  528 
I  vein  of  left  atrium,  530.  647 
of  Marshall,  530,  647 
Obliquis  oculi  muscles,  actions  of, 
1030  i 

nerves  of,  1030 

|  Obliquus  auriculae  muscle,  1043 
1  capitis  inferior  muscle,  403 

action  of,  403  ! 

nerves  of,  403 
superior  muscle,  403 
action  of,  403 
nerves  of,  403  I 

externus  abdominis  muscle,  410 
variations  of,  412 
inferior  muscle,  402 
internus  abdominis  muscle,  413 
variations  of,  415 
oculi  inferior  muscle,  1030 
superior  muscle,  1029 
superior  muscle,  403 
Obliterated  ductus  venosus,  685 
hypogastric  artery,  619 
umbilical  vein,  685,  1160 
Obturator  artery,  620 
crest,  236 


Obturator  externus  muscle,  480 
actions  of,  480 
nerves  of,  480 
I  foramen,  237 
j  groove,  237 

internus  muscle.  478 
I  actions  of,  480 

fascia  of,  421 
I  nerves  of,  480 

lymph  gland,  709 
membrane,  478 
nerve,  959 
accessory.  961 
|  tubercle,  237 
vein,  680 

Occipital  artery,  563 

surface  marking  of,  1314 
bone,  127 

articulations  of,  131 
basilar  part  of,  130 
lateral  parts  of,  129 
ossification  of,  130 
squama  of,  127 
structure  of,  121 
condyles,  129 

,  crest,  internal,  129,  194 
fossa?,  129 
groove,  139,  179 
lobe,  829 

|  lymph  glands.  696 
nerve,  929,  932 
|  point,  198 

protuberance, 127,  128,  ISO,  1S1 
j  sinus,  662 
sulcus,  829 
triangle,  395,  1317 
'  vein,  650 

I  Occipitalis  muscle,  actions  of,  379 
nerves  of.  379 
variations  of,  379 
Occipitoaxial  ligaments,  296 
Occipitofrontal  fasciculus,  850 
Occipitofrontalis  muscle,  379 
Occipitomastoid  suture,  181 
Occipitotemporal  convolution, 
829 

Ocular  muscles,  1028 
Oculomotor  sulcus,  807 
nerve,  890 

composition  and  central  con¬ 
nections  of,  869 
sympathetic  efferent  fibers 
of,  976 

Odontoblasts,  1132 
Odontoid  ligaments,  296 
process  of  axis,  98 
Olecranon,  214 
fossa,  212 
process,  214 
Olfactory  areas,  66 
bulb,  832,  854 
structure  of,  854 
cells,  1003 
fasciculus,  846 
groove,  190 
hair,  1003 
lobe,  832 
nerves,  887 

composition  and  central  con¬ 
nections  of,  872 
development  of,  100S 
pits,  67 

projection  fibers,  875 
sulcus,  82S 
tract,  832 
trigone,  833 
Oliva ,  775 
Olive,  775 
peduncle  of,  787 
Olivary  body,  775 
nucleus,  787,  793 
01iocerel>ellar  fibres,  787 
Olivospinal  fasciculus,  860 
Omental  bursa;  1162,  1165 
recess,  1167 
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Omentum,  gastrocolic,  1167 
gastrohepatic,  1167 
greater,  1167 
lesser,  1166 
small,  1166 
Omohyoid  muscle,  395 
Omohyoideus  muscle,  395 
action  of,  395 
nerves  of,  395 
variations  of,  395 
Ontogeny,  35 
Oocytes,  38,  41 
Oogonia,  38 
Ooplasm,  38 

Opening  of  aorta  in  left  ventricle, 
537 

aortic,  in  diaphragm,  407 
caval,  in  diaphragm,  407 
of  coronary  sinus,  534 
esophageal,  in  diaphragm,  407 
of  inferior  vena  cava,  534 
of  pulmonary  artery,  535 
veins,  537 
saphenous,  469 
of  superior  cava,  533 
of  thorax,  528 

Openings,  atrioventricular,  534, 
537 

in  roof  of  fourth  ventricle,  804 
Opercula  of  insula,  831 
Ophryon,  198 
Ophthalmic  artery,  572 
ganglion,  894 
nerve,  893 
veins,  662 
Opisthion,  180,  198 
Opisthotic  center  of  temporal 
bone,  162 

OpponenB  digiti  quinti  muscle, 
465 

actions  of,  465 
nerves  of,  465 
minimi  digiti  muscle,  465 
pollicis  muscle,  462 
actions  of,  463 
nerves  of,  463 
variations  of,  463 
Optic  axis,  1008 
chiasma,  829,  889 
commissure,  820 
cup, 1008 
disk,  1022 

foramen,  145,  149,  192 
groove,  145 
nerve,  888 

composition  and  central  con¬ 
nections  of,  S70 
radiations,  820 
recess,  822 
stalk,  735,  1008 
thalamus,  814 
tracts,  820,  890 
vesicle,  734,  1008 
Ora  serrata,  1021,  1025 
Oral  cavity,  1119 

part  of  pharynx,  1151 
Orbicular  ligament,  326 
Orbicularis  oculi  muscle,  380 
actions  of,  382 
lacrimal  part,  381 
nerves  of,  382 
orbital  part,  381 
palpebral  part,  381 
oris  muscle,  385 
palpebrarum  muscle,  380 
Orbiculus  ciliaris  muscle,  1017 
Orbitcr,  187 
Orbits,  187 

relation  of  nerves  in,  906 
Orbital  fascia,  1032 
fissures.  149,  181,  189,  192 
gyri,  828 
index,  198 
nerve,  899 
operculum,  831 


j  Orbital  plates,  135 
!  process  of  palatine  bone,  166 
of  zygomatic  bone,  163 
septum,  1033 
sulcus,  828 
vein,  649 

Orbitalis  muscle  of  H.  Muller, 
1031 

Orbitosphenoids,  149 
Organ  of  Corti,  1064 
<  enamel,  1132 
I  of  Girald&s,  1256 
of  hearing,  1037 
of  Rosen mtlller,  1216,  1265 
of  sight,  1007 
of  smell,  998 
spiral,  of  Corti,  1064 
Organa  genitalia  muliebria ,  1264 
virilia,  1246 
oculi  acce8soria,  1028 
Organon  auditus ,  1037 
i  gustus,  997 
i  olfaclorius ,  998 
8pirale  [Corti],  1064 
1  V18U8,  1007 

j  Organs  of  digestion,  1109 
genital,  of  female,  1264 
of  male,  1246 
of  Golgi,  368 
of  the  senses,  997 
of  taste,  991 
urogenital,  1215 
vomeronasal,  of  Jacobson,  70, 
1002 

Orifice,  atrioventricular,  535,  537 
j  cardiac,  of  stomach,  1171 
I  mitral,  538 
of  mouth,  1119 
j  pyloric,  of  stomach,  1 172 
I  urethral,  1242,  1245.  1276 
;  of  uterus,  1269,  1270 
vaginal,  1276 
Orifices  of  ureters,  1242 
Origin  of  muscles,  363 
,  Os  acetabuli ,  237 
1  calcis,  263 
capitatum,  226 
I  coccygis,  109 
1  coxtr,  231 

articulations  of,  238 
ossification  of,  237 
structure  of,  237 
cuboideum,  269 
|  cuneiforme  primum,  270 
secundum,  271 
tertium,  271 
ethmoidale,  149 
frontale,  133 
hamatum,  227 
hyoidcum,  175 
ilii,  231 
incisivum,  160 
innominatum,  231 
ischii ,  234 
lacrimale ,  161 
j  lunalum,  224 
1  magnum,  226 
multangulum,  225 
;  navicular e  manus,  222 
pedis ,  270 
occipitale,  127 
palatinum,  164 
parietale ,  131 
pisiforme,  225 
planum,  153 
pubis,  236 
sacrum,  104 
sphenoidale,  145 
aUv  magna,  147 
1  parva,  149 

temporale,  136 
trigonum,  269 
j  triquetum,  224 
'  zygomaticum,  162 
Ossa  carpi,  221 


Ossa  cranii ,  127 

extremilatis  inferioris,  231 
8upe&>ri8,  200 
faciei ,  154 
metacar palia,  228 
metatarsalia,  272 
nasalia,  154 
sesamoidea,  277 
tarsi,  263 

Ossicles,  auditory,  1052 
development  of,  1041 
ligaments  of,  1053 
Ossicula  auditus,  1052 
Ossification  of  atlas,  111 
of  axis,  111 
of  clavicle,  202 
of  coccyx,  112 
of  ethmoid,  154 
of  femur,  255 
of  fibula,  263 
of  foot,  275 
of  frontal,  136 
of  hand,  230 
of  hip  bone,  237 
of  humerus,  213 
of  hyoid,  176 

of  inferior  nasal  concha,  168 

intracartilaginous,  91 

intramem  branous,  89 

of  lacrimal,  162 

of  lumbar  vertebrae,  111 

of  mandible,  172 

of  maxilla,  161 

of  nasal,  155 

of  occipital,  130 

of  os  cox®  or  innominatum,  237 

of  palatine,  167 

of  parietal,  133 

of  patella,  256 

of  radius,  221 

of  ribs,  125 

of  sacrum,  111 

of  scapula,  208 

of  seventh  cervical  vertebra, 
111 

of  sphenoid,  150 
of  sternum,  119 
subperiosteal,  91 
of  temporal,  143 
of  tibia,  260 
of  ulna,  219 

of  vertebral  column,  109 
of  vomer,  169 
of  zygomatic,  164 
Osteoblasts,  85 
Osteoclasts,  86,  1133 
Osteodentin,  1129 
Osteogenetic  fibers,  90 
Osteology,  77 

Ostium,  abdominal,  of  uterine 
tube,  1268 
maxillare,  1002 

pharyngeal,  of  auditory  tube, 
1150 

primitive  urogenital,  1225 
primum  [heart] ,  505 
secundum  [heart],  505 
Otic  ganglion,  903 
Otoconia,  1062 
Outlet  of  pelvis,  239 
Ova,  primitive,  1217 
Oval  area  of  Flechsig,  769 
bundle,  728 
Ovaria,  1264 
Ovarian  arteries,  615 
fossa,  1164,  1264 
plexus  of  nerves,  993 
veins,  683 
Ovaries,  1264 
descent  of,  1217 
development  of,  1217 
ligaments  of,  1264 
lymphatic  capillaries  of,  691 
vessels  of,  718 

medullary  substance  of,  1261 
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Ovaries,  nerves  of,  1266 
structure  of,  1265 
vesicular  or  Graafifc  follicles 
of,  1266 
vessels  of,  1266 
Oviduct,  1267 
O vula  Nabothi,  1274 
Ovum,  38 

corona  radiata  of,  40 
coverings  of,  40 
discharge  of,  1266 
fertilization  of,  44 
germinal  spot  of,  38 
vesicle  of,  40 

implantation  or  imbedding  ot, 
57 

maturation  of,  40 
mature,  40 
segmentation  of,  45 
structure  of,  38 
yolk  of,  38 
zona  pellucida  of,  40 
striata  of,  40 
Oxyntic  cells,  1177 
glands,  1177 

Oxyphil  colorless  corpuscles,  526 


P 

Pacchionian  glands,  884 
Pacinian  corpuscles,  1068 
Pad,  retropubic,  1238 
Pain,  impulses  of,  859 
Palatal  process  of  maxilla,  160 
Palate,  1121 
arches  of,  1121 
bone,  164 
development  of,  69 
hard, 1121 
soft.  1121 

Palatine  aponeurosis,  1148 
artery,  ascending,  562 

of  ascending  pharyngeal,  565 
descending,  569 
bone,  164 

articulations  of,  167 
horizontal  part  of,  165 
orbital  process  of,  166 
ossification  of,  167 
pyramidal  process  or  tuber¬ 
osity  of,  166 

sphenoidal  process  of,  167 
vertical  part  of,  165 
foramen,  177 
nerves,  899 
process  of  maxilla,  160 
processes  of  fetus,  69 
tonsils,  1146 
uvula,  1121 
velum,  1121 

Palatoglossus  muscle,  1138,  note , 
1148 

Palatopharyngeus  muscle,  1148 
Palatum ,  1121 
durum ,  1121 
molle ,  1121 

Palmar  aponeurosis,  461 
arch,  deep,  599 
superficial,  602 

cutaneous  branch  of  median 
nerve,  944 
of  ulnar  nerve,  948 
fascia,  461 

interossei  muscles,  466 
interosseous  arteries,  600 
ligaments,  330,  333 
nerves  of  ulnar,  948,  949 
Palmaris  brevis  muscle,  464 
actions  of,  465 
nerves  of,  465 
variations  of,  465 
longus  muscle,  447 
actions  of,  451 
nerves  of,  451 


|  Palmaris  longus  muscle,  vari- 
I  ntions  of,  447 
Palmate  folds  of  uterus,  1270 
I  Palpebra,  1032 
!  Palpebral  arteries,  573,  574 
commissures  or  canthi,  1032 
fissure,  1032 
ligament,  1033 
medial,  381 

nerves  from  maxillary,  897 
raphd,  lateral,  381 
Pampiniform  plexus  of  sper¬ 
matic  veins,  682 
Pancreas,  1209 
accessory  duct  of,  1212,  1213 
body  of,  1211 
development  of,  1212 
duct  of,  1029,  1213 
head  of,  1210 
lymphatic  vessels  of,  716 
neck  of,  1211 
nerves  of,  1214 
structure  of,  1213 
surface  marking  of,  1335 
tail  of,  1211 

uncinate  process  of,  1210 
vessels  of,  1214 
Pancreatic  arteries,  610 
duct,  1212 

accessory,  1212,  1213 
veins,  685 

Pancreatica  magna  artery,  610 
Pancreaticoduodenal  arteries,  608, 
611 

lymph  glands,  715 
veins,  686 

Pancreaticolienal  lymph  glands, 
711 

Papilla,  lacrimal,  1032 
foliata ,  1141 
mamma ,  1277 

PapillsB,  circum vallate,  1135 
conical,  1136 
filiform,  1136 
fungiform,  1135 
of  skin,  1074 
of  tongue,  1135 
vallatse,  1135 

Papillary  layer  of  skin,  1074 
process,  1201 
Paracentral  lobule,  828 
Paradidymis,  1256 
Parallel  striae  of  Retzius,  1129 
Paramastoid  process,  129 
Paramedial  sulcus,  828 
Parametrium,  1270 
Paranephric  body,  1230 
Paranucleus,  1214 
Paraplexus,  846 
Pararectal  fossa,  1164 
lymph  glands,  714 
Parathyroid  glands,  1228 
development  of,  1282 
structure  of,  1282 
Paravesical  fossa,  1164 
Paraxial  mesoderm,  49 
Parietal  bone,  131 

articulations  of,  133 
ossification  of,  133 
ceils  of  fundus  glands,  1177 
convolution,  ascending,  829 
eminence,  131,  176,  181 
foramen,  132, 176 
lobe,  828 
gyri  of,  829 
notch,  139 
operculum,  831 
pleura,  1096 
veins,  515 

Parietomastoid  suture,  181 
Parietooccipital  fissure,  826 
Parietotemporal  artery,  577 
Parolfactory  area  of  Broca,  833 
Parodphoron,  1216,  1265 
Parotid  duct,  1143 


Parotid  gland,  1141 

accessory  part  of,  1143 
nerves  of,  1143 
structure  of,  1143 
Burface  marking  of,  1307 
vessels  of.  1 143 
lymph  glands,  697 
plexus,  908 

Parotideomasseteric  fascia, 
Parovarium,  1265 
Partes  gcnitales  externa  mulu- 
bres,  1275 

Parumbilical  veins,  686 
Patella,  255 
articulation  of,  256 
movements  of,  348 
ossification  of,  256 
structure  of,  255 
surface  anatomv  of,  1355 
Patellar  plexus,  959,  962 
retinacula,  342 
surface  of  femur,  248 
Pathways  from  brain  to  spinal 
cord,  876 

Pectinate  ligament  of  iris,  1016 
Pectineal  line,  246 
Pectineus  muscle.  473 
actions  of,  475 
nerves  of,  475 
variations  of,  475 
Pectiniforme  septum,  1258 
Pectoralis  major  muscle,  437 
actions  of,  440 
nerves  of,  440 
variations  of,  439 
minimus  muscle,  439 
minor  muscle,  439 
actions  of,  440 
nerves  of,  440 
variations  of,  439 
Peculiar  thoracic  vertebra.  102 
Pedicles  of  a  vertebra,  94 
Peduncle  of  corpus  callosum,  833 
of  olive,  787 

Peduncles  of  cerebellum,  798 
cerebral,  806 
Pedunculus  cerebri ,  806 
Pelvic  colon,  1192 
diaphragm,  421 
fascia  of,  421 
fascia,  421 

endopelvic  part  of,  423 
girdle,  200 
plexuses,  993 

portion  of  sympathetic  system, 
990 

Pelvis,  238,  1159 
articulations  of,  306 
axes  of,  240 
boundaries  of,  238 
brim  of,  238 
cavity  of  lesser,  239 
diameters,  239,  240 
in  fetus,  242 
greater  or  false,  238 
inferior  aperture  or  outlet  of, 
239 

lesser  or  true,  239 
ligaments  of,  307.  308 
linea  terminalis  of,  238 
lymph  glands  of,  708 
major,  238 

male  and  female,  differences 
between,  241 
mechanism  of,  311 
minor,  239  , 
position  of,  241 
renal,  1231 

superior  aperture  or  inlet  of, 
239 

surface  anatomy  of,  1355 
Penis.  1257 
body  of,  1259 
corona  glandis ,  1259 
corpora  cavernosa ,  1258 
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Penis,  corpus  cavemosum  urethra,  | 
or  corpus  spongiosum,  1258 
crura  of,  1258 
deep  artery  of,  624 
dorsal  artery  of,  624 
veins  of,  680 
extremity  of,  1260 
fundiform  ligament  of,  1259 
glands,  1258 
nerves  of,  1260 

prepuce  or  foreskin  of,  1260  j 
root  of,  1259  I 

septum  pecliniforme ,  1258 
structure  of,  1260  i 

suspensory  ligament  of,  1259  ' 

Perforated  substance,  806,  833 
Perforating  arteries  of  hand,  599  I 
from  internal  mammary,  588 
from  plantar,  644 
from  profunda  femoris,  635 
cutaneous  nerve,  973 
fibers  of  Sharpey,  88 
Perforator  of  spermatozofin,  42 
Pericardiacophrenic  artery,  588 
Pericardial  area,  lymphatic  capil¬ 
laries  in,  688 
arteries,  588,  604 
pleura,  1098 
Pericardium,  528 
fibrous,  529 
nerves  of,  530 
oblique  sinus  of,  528 
relations  of,  528 
serous,  528 
structure  of,  528 
transverse  sinus  of,  528 
vessels  of,  530 
vestigial  fold  of,  529 
Pericecal  folds,  1170 
foss®,  1170 
Perichondrium,  280 
Perilymph,  1059 
Perimysium,  366 
Perineal  artery,  623 
body,  1195 

branch  of  fourth  sacral  nerve, 
974 

muscle,  superficial  transverse, 
428,  431 
nerve,  974 

Perineum,  boundaries  of,  425 
central  tendinous  point  of,  428 
lymphatic  vessels  of,  711 
muscles  of,  425 
Perineurium,  749 
Periosteum,  85 

of  bone,  lymphatic  capillaries 
in,  688 

Peripheral  end-organs,  1067 
nervous  system,  749 
organs  of  special  senses,  997 
terminations  of  nerves  of 
general  sensations,  1067 
Periscleral  lymph  space,  1031 
Peritoneal  cavity,  1160 

lymphatic  capillaries  in,  688 
foss®  or  recesses,  1168 
sacs,  1160,  1162,  1165 
Peritoneum,  1159 

epiploic  foramen  of,  1166 
lesser  sac  of,  1165 

ligaments  of,  1166 
main  cavity  or  greater  sac  of, 
1160 

horizontal  disposition  of, 
1163,  1164,  1165 
vertical  disposition  of,  1 160 
mesenteries,  1167 
omenta,  1166 
omental  bursa  of,  1165 

vertical  disposition  of,  1162 
parietal  portion  of,  1160 
visceral  portion  of,  1160 
Permanent  cartilage,  280 
choanffl,  69 


Permanent  kidney,  1221 
teeth,  1124 

development  of,  1133 
Peron®i  muscles,  actions  of,  490 
nerves  of,  490 
variations  of,  490 
Peron®us  accessorius  muscle,  490 
brevis  muscle,  489 
longus  muscle,  488 
quart  us  muscle,  490 
quinti  digiti  muscle,  490 
tertius  muscle,  484 
actions  of,  484 
nerves  of,  484 
Peroneal  artery,  642 
nerves,  970,  971 
retinacula,  491 
septa,  482 

Peroneocalcaneus  extemus  mus¬ 
cle,  490 

internus  muscle,  487 
Peroneocuboideus  muscle,  490 
Peroneotibialis  muscle,  487 
Perpendicular  fasciculus,  850 
line  of  ulna,  218 
plate  of  ethmoid,  152 
Pts  or  base  of  cerebral  peduncle, 
808 

hippocampi ,  839 
Petit,  canal  of,  1026 
triangle  of,  435 
Petrooccipital  fissure,  180 
Petrosal  nerve,  deep,  898 
external,  985 
large  deep,  898 

superficial,  898,  909 
superficial,  greater,  898,  909 
smaller,  1055 
process,  145 
sinuses,  652,  663 
Petrosphenoidal  fissure,  180 
Petrosquamous  sinus,  662 
suture,  140,  143 
Petrotympanic  fissure,  138,  178 
Petrous  ganglion,  914 

portion  of  temporal  bone,  140 
Peyer’s  glands,  1186 
patches,  1186 

Phalangeal  processes  of  Corti’s 
rods,  1066 

Phalanges  digUorum  mantis ,  230 
pedis,  275 
of  foot,  275 

articulations  of,  361 
ossification  of,  275 
of  hand,  230 

articulations  of,  335 
ossification  of,  230 
ungual,  275 

Pharyngeal  aponeurosis,  1153 
artery,  ascending,  564 
bursa,  1151 
grooves,  64 
membrane,  1110 
nerve  from  glossopharyngeal, 
915 

from  sphenopalatine  gan¬ 
glion,  899 
from  vagus,  917 
ostium  of  auditory  tube,  1150 
plexus  of  nerves,  915,  918,  985 
pouches,  64 
recess,  1151 
tonsil,  1151 
tubercle,  130,  177 
veins,  653 

Pharyngopalatine  arch,  1146 
Pharyngopalatinus  muscle,  1148 
Pharynx,  1150 

aponeurosis  of,  1153 
development  of,  1112 
laryngeal  part  of,  1151 
lymphatic  vessels  of,  702 
mucous  coat  of,  1154 
muscles  of,  1151 


Pharynx,  muscles  of,  actions  of, 
1154 

nerves  of,  1154 
nasal  part  of,  1150 
oral  part  of,  1151 
structure  of,  1154 
Philtrum,  386 
Phrenic  arteries,  605,  616 
nerve,  934 
plexus  of  nerves,  991 
veins,  670,  683 
Phrenicocolic  ligament,  1168 
Phrenicocostal  sinus,  1098 
Phrenicolienal  ligament,  1165 
Phrenicopericardiac  ligament^682 
Phylogeny,  35 
Pia  of  brain,  885 
of  cord,  885 
mater,  cranial,  885 
encephali ,  885 
spinal,  885 
spinalis,  885 
Pigment  of  iris,  1020 
of  skin,  1073 

Pigmented  layer  of  retina,  1022 
Pili,  1075 

Pillars  of  Corti,  1064 

of  external  abdominal  ring,  411 
of  fauces,  1121 
of  fornix,  844,  846 
Pineal  body,  818,  1289 
structure  of,  818,  1289 
recess,  822 
Pinna,  1041 

cartilage  of,  1042 
ligaments  of,  1043 
Piriformis  muscle,  477 
actions  of,  480 
fascia  of,  422 
nerves  of,  480 
variations  of,  477 
Pisiannularis  muscle,  465 
Pisiform  bone,  225 
Pisi metacarpus  muscle,  465 
Pisiuncinatus  muscle,  465 
Pisohamate  ligament,  331 
Pisometacarpal  ligament,  331 
Pits,  olfactory,  67 
Pituitary  body,  820,  1285 
Pivot-joint,  285 
Placenta,  61 

circulation  through,  62,  546 
cotyledons  of,  62 
fetal  portion  of,  61 
maternal  portion  of,  62 
previa,  63 
separation  of,  63 
Plane,  intertubercular,  1157 
subcostal,  1157 
transpyloric,  1157 
Plantar  aponeurosis,  492 
arch,  643 
arteries,  643 

cutaneous  venous  arch,  673 
digital  veins,  675 
fascia,  492 

interossei  muscles,  497 
ligament,  long,  356 
metatarsal  arteries,  644 
nerves,  969 
Plantaris  muscle,  485 
actions  of,  485 
nerves  of,  485 
Planurn  nuchale,  128 
occipitale,  128 
Plasma  cells,  369 
Plate  or  Plates,  cribriform,  of  eth¬ 
moid,  151 

orbital,  of  frontal,  135 
perpendicular,  of  ethmoid.  152 
pterygoid,  of  sphenoid,  149 
tarsal,  1032 
Platelets  of  blood,  527 
Platysma  muscle,  388 
action  of,  389 
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Platysma  muscle,  nerves  of,  389 
variations  of,  389 
Pleura,  1096 
cavity  of,  1097 
cervical,  1097 
costal,  1097 
cupula  of,  1097 
diaphragmatic,  1097 
lymphatic  vessels  of,  723 
mediastinal,  1097 
nerves  of,  1 099 
parietal,  1096 
pericardial,  1097 
pulmonary,  1096 
reflections  of,  1097 
structure  of,  1099 
surface  markings  of,  1324 
vessels  of,  1099 

Pleural  cavity,  lymphatic  capil¬ 
laries  in,  688 

Plexiform  layers  of  retina,  1023 
Plexus  of  nerves,  annular,  1016 
aortic  abdominal,  993 
Auerbach’s,  1187 
brachial,  936 
cardiac,  990 
cavernous,  984 
celiac,  991 
cervical,  931 

posterior,  918,  928,  929 
choroid,  of  fourth  ventricle, 
804 

of  lateral  ventricle,  846 
of  third  ventricle,  821 
coccygeal,  974 
of  cornea,  1016 
coronary,  991 ,  993 
esophageal,  919 
of  Exner,  852 
gastric,  993 
hemorrhoidal,  993 
hepatic,  992 
hypogastric,  993 
infraorbital,  897 
internal  carotid,  983 
lienal,  992 
lumbar,  954 
lumbosacral,  954 
Meissner’s,  1187 
mesenteric,  993 
myenteric,  1187 
ovarian,  993 
parotid,  908 
patellar,  959,  962 

nplvir  QQ’i 

pharyngeal,  915,  918,  985 
phrenic,  991 
prostatic,  984 
pudendal,  972 
pulmonary,  916,  919 
renal,  993 
sacral,  963 
solar,  991 
spermatic,  993 
splenic,  992 
subsartorial,  962 
suprarenal,  993 
tonsillar,  915 
tympanic,  1055 
uterine,  995  i 

vaginal,  995  | 

vesical,  994 
of  submucose,  1187 
of  veins,  basilar,  664 
hemorrhoidal,  680 
pterygoid,  649 
pudendal,  680 

uterine,  680  | 

vertebral,  672 
vesical,  680 
vesi co prostatic,  680 
Plexus  aorticus  abdominalis,  993 
arteryr  ovarica,  993 
brachialis,  936 
cardiacus,  990 


Plexus  caroticus  intemus ,  983 
cavernosu8,  984 
cervicalis,  931 

chorioideus  ventriculi,  846,  847 
caeliacus,  991 
corona  rius,  991 
gastricus  superior ,  993 
hepaticus,  992 
hypogaslricus ,  993 
lienalis ,  992 
lumbalis,  955 
lumbosacralis,  951 
mesentericus  inferior,  993 
phrenicus ,  991 
prostaticus,  994 
pudendus,  972 
renalis ,  993 
sacralis,  963 
8permaticus ,  993 
suprarenalis ,  993 
venosi  basilaris  664 
ham orrhouia l is ,  680 
pterygoideus ,  649 
pudendalis ,  680 
vertebrales,  672 
vesicalis,  680 

Plica  circular es  [Kerkringi],  1173 
fimbriata  [tongue],  1134 
gubepialrix ,  1221 
lacrimalis  of  Hasner,  1037 
semilunaris  [conjunctiva],  1035 
[tonsil],  1147 
sublingualis,  1145 
triangularis  [tonsil],  1147 
I  vascularis,  1221 

vesicates  iransversa,  1164 
Plicae  urct erica',  1242 

ventricular  es  [larynx],  1087 
vocales,  1089 

Pneumogastric  nerve,  916 
Polar  bodies  or  polocytes,  40 
Poles  of  cerebral  hemispheres, 
824 

of  eyeball,  1008 
of  lens,  1026  • 

Polymorphonuclear  leucocytes, 
526 

Polyspermy,  45 
Pomum  Adami,  1081 
Pons,  791 

I  development  of,  733 
j  hepatis,  1201 
structure  of,  791 
j  Varoli,  791 
Ponticulus  [auricula],  1042 
,  Pontine  arteries,  584 
:  Pontospinal  fasciculus,  878 
I  Popliteal  artery,  636 
branches  of,  637 
peculiarities  of,  637 
surface  marking  of,  1366 
fossa  or  space,  635 
line  of  tibia,  258 
lymph  glands,  706 
nerves,  966,  970 
surface  of  femur,  246 
vein,  676 

Popliteus  muscle,  486 
actions  of,  488 
minor,  487 
nerves  of,  488 
variations  of,  487 
Pore,  gustatory,  997 
Porta  of  liver,  1201 
Portal  vein,  685 
Postunal  gut,  1119 
Post-axial  borders  of  limbs,  70 
Postcentral  sulcus,  828 
Postcornu,  831 

Posterior  alveolar  artery,  569 
annular  ligament,  459 
basis  bundle,  709 
calcaneo-astragaloid  ligament, 
354 

circumflex  artery,  593 


Posterior  column  of  medulla  spin¬ 
alis,  758 

common  ligament.  288 
cornu  of  brain,  837 

of  medulla  spinalis,  758 
costotransverse  ligament,  302 
cricoarytenoid  muscle,  1091 
deep  cervical  vein,  655 
dental  artery,  569 
ground  bundle,  769 
humeral  circumflex  artery.  593 
inferior  ligament,  349 
interosseous  artery,  600 
nerve,  950 
ligament,  330 
pillar  of  fauces,  1146  ’ 
proper  fasciculus,  769 
pulmonary  nerves,  919 
radial  carpal  artery ,  598 
radioulnar  ligament ,  327 
root  of  spiral  nerves,  769 
sacrosciatic  ligament,  309 
scapular  artery,  586 
nerve,  938 
scrotal  nerves,  974 
spinal  artery,  583 
superior  alveolar  artery,  569 
ligament,  350 
talotibial  ligament.  353 
temporal  artery,  566 
ulnar  carpal  artery,  602 
recurrent  artery,  680 
vertebral  vein,  655 
Postero-lateral  ganglionic  arteries, 
585 

Postero-medial  ganglionic  arte¬ 
ries,  585 
Postgemina,  812 
Postnodular  fissure,  796 
Postpartum  hemorrhage,  63 
Post  pyramidal  fissure,  796 
Postsphenoid  part  of  sphenoid 
150 

Pouch  of  Douglas,  1162 
of  Prussak,  1054 
Pouches,  pharyngeal,  64 
Poupart’s  ligament,  412 
Praputium  ctetoridis,  1276 
Preaortic  portion  of  duodenum. 
1180 

Preauricular  lymph  glands.  697 
point,  1303 
sulcus  of  ilium,  234 
Preaxial  borders  of  limbs,  70 
Precentral  gyre,  827 
sulcus,  827 
Precommissure,  846 
Precornu,  836 
Precuneus,  829 
Preganglionic  fibers,  860 
Pregem ina,  812 
Premolar  teeth,  1127 
Preoccipital  notch,  824 
Prepatellar  bursa.  472 
Prepuce  of  clitoris,  1276 
of  penis,  1260 

development  of.  1225 
Preputial  glands,  1260 
sac,  1260 

Prepyramidal  fissure,  796 
tract.  767 
Presphenoid,  150 
Pressure  epiphyses.  93 
Presternal  notch,  118 
Pretracheal  fascia,  391 
Pre vertebral  artery,  565 
fascia,  390 

Primary  areolae  of  bone.  91 
o6cyte8,  38 
spermatocytes,  43 
Primitive  aortae,  500 
atrium,  502,  505 
costal  arches,  79 
digestive  tube.  52 
groove,  47 
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Primitive  jugular  veins,  516  i 
ova,  1219 

palate,  69  ! 

segments,  51 

sheath  of  nerve  fiber,  748 
streak,  47 

urogenital  ostium,  1225 
ventricle  of  heart,  506 
Princeps  cervicis  artery,  56-4 
pollicis  artery,  599 
Prismata  adamantina ,  1129  I 
Proamnion,  48 
Procerus  muscle,  382 
action  of,  382 
nerves  of,  382 

Process  or  Processes,  alveolar,  159 
articular,  of  vertebrae,  94 
axis-cylinder,  744 
ciliary,  1017 
clinoid,  145,  149,  192 
condyloid,  of  mandible,  172 
coracoid,  207 

coronoid,  of  mandible,  172 
of  ulna,  214 
costal,  96 

descending,  of  lacrimal,  162 
of  dura  mater,  879 
frontal,  of  maxilla,  159 
fronto-nasal,  66 
fronto-sphenoidal,  of  zygo¬ 
matic,  162 
globular,  of  His,  67 
of  inferior  nasal  concha,  167 
intrajugular,  129 
jugular,  129,  180 
lateral  nasal,  67 
lenticular,  of  incus.  1053 
malar,  of  maxilla,  159 
mastoid,  139 
maxillary,  of  fetus,  68 

of  inferior  nasal  concha,  167 
of  palatine  bone,  166 
of  zygomatic  bone,  164 
muscular,  of  arytenoid,  1083 
nasal,  of  frontal  bone,  134 
of  maxilla,  159 

odontoid,  of  axis  or  epistro¬ 
pheus,  98 

orbital,  of  palatine  bone,  166 
of  zygomatic  bone,  163 
palatal,  of  maxilla,  160 
palatine,  of  fetus,  69 
of  maxilla,  160 
papillary,  of  liver,  1201 
parama8toid,  129 
petrosal,  145 

phalangeal,  of  Corti’srods,  1066 
protoplasmic,  744 
pterygoid,  of  sphenoidal  bone, 
149 

pyramidal,  of  palatine  bone, 
166,  177 

sphenoidal,  of  palatine  bone, 
167 

of  septal  cartilage  of  nose, 
999 

turbinated,  150 
spinous,  of  ilium,  234 
of  vertebra*,  95 
styloid,  of  fibula,  260 
of  radius,  220 
of  temporal  bone,  143,  178 
of  ulna,  219 
styloideus,  143 
temporal,  of  zygomatic,  164 
transverse,  of  vertebrae,  94 
trochlear,  of  calcaneus,  266 
uncinate,  of  ethmoid,  153 
vaginal,  of  sphenoid,  149 
of  temporal,  142,  143 
vermiform,  1188 
of  vertebrae,  103,  104 
vocal,  of  arytenoid,  1083 
xiphoid,  119 

zygomatic,  of  frontal,  134 


Process  or  Processes  zygomatic, 
of  maxilla,  159 
of  temporal  bone  137 
Processus  alveolar  is  [maxilla],  159 
brevis  [malleus],  1052 
ciliares ,  1017 
cochleariformis,  143,  1050 
condylovdeus  [mandibula],  172 
coracoideus  [ scapula J,  207 
coronoideu8  [mandibula],  172 
[ ulnare ],  214 
frontalis  [maxilla],  159 
gracilis  [malleus],  1052 
orbitalis  [os  palatinum],  166 
palatinus  [maxilla],  160 
pterygoidei,  149 
pyramidalis  [os  palatinum],  166 
spinosus,  95 

Bpienoidalis  [os  palatinum ],  167 
transversi,  95 
tubariu8,  150 
vermiformis,  1188 
xiphoideus,  119 
zygomaticus ,  159 
Proctodeum,  1119 
Prodentin ,  1132 
Profunda  arteries,  595 
brachii  artery,  595 
cervical  is  artery,  589 
femoris  artery,  633 

surface  markings  of,  1366 
vein,  676 
lingme  artery,  560 
Projection  fibers  of  cerebral  hemi- 
sheres,  848 

Prominence  of  aqueduct  of  Fal¬ 
lopius,  1050 
of  facial  canal,  1050 
laryngeal,  1081 

Prominentia  canalis  facialis,  1050 
Promontorium,  1050 
Promontory  of  tympanic  cavity, 
1050 

Pronator  quadratus  muscle,  450 
actions  of,  451 
nerves  of,  451 
variations  of,  451 
teres  muscle,  447 
actions  of,  451 
nerves  of,  451 
variations  of,  447 
Pronephric  duct,  1215 
Pronephros,  1215 
Pronucleus,  female,  41 
male,  45 

Prootic  center  of  temporal  bone, 
144 

|  Prophase  of  karyokinesis,  37 
Prosencephalon,  813 
development  of,  50 
Prostata,  1261 
Prostate,  1261 

development  of,  1223 
gland,  1261 
lobes  of,  1262 

lymphatic  capillaries  of,  691 
vessels  of,  717 
nerves  of,  1263 
structure  of,  1263 
I  vessels  of,  1263 
I  Prostatic  ducts,  orifices  of,  1244 
plexus  of  nerves,  994 
portion  of  urethra,  1244 
sinus,  1244 
utricle,  1244 
Prosthion,  198 
Prothrombin,  527 
Protoplasm,  35 

!  Protoplasmic  process  of  nerve 
!  cells,  744 

‘  Protuberance,  mental,  170 
occipital,  127,  128,  181 
Prussak,  pouch  of,  1054 
Psalterium,  844 
Pseudocele,  846 


Pseudopodium,  527 
Psoas  magnus  muscle,  468 
major  muscle,  468 
actions  of,  468 
fascia  covering,  467 
nerves  of,  468 
minor  muscle,  468 
actions  of,  468 
nerves  of,  468 
parvus  muscle,  468 
Pterion,  149, 181,  198 
ossicle,  154 

Pterotic  center  of  temporal  bone, 
144 

Pterygoid  canal,  149,  177 
fissure,  149 
fossa  of  sphenoid,  149 
hamulus,  149,  177 
muscles,  387 
nerve,  external,  901 
plates,  149 
plexus  of  veins,  649 
processes  of  sphenoid,  149 
tubercle,  150 

Pterygoideus  cxternus  muscle, 
387 

action  of,  388 
nerves  of,  388 
internus  muscle,  387 
action  of,  388 
nerves  of,  388 

Pterygomandibular  ligament,  385 
raph6,  385 

Pterygomaxillary  fissure,  183 
Pterygopalatine  canal,  158 
fossa,  183 
groove,  149 
nerve,  899 

Pteiygospinous  ligament,  151 ,389 
Pubic  arch,  240 

bones,  articulation  of,  309 
ligaments,  310 
region,  1159 
tubercle  or  spine,  236 
vein,  677 
Pubis,  236 
angle  of,  236 
body  of,  236 
crest  of,  236 

iliopectineal  eminence  of,  236 
obturator  crest  of,  236 
rami  of,  236 
symphysis  of,  310 
tubercle  or  spine  of,  236 
Pubocapsular  ligament,  336 
Pubococcygeus  muscle,  425 
Pubofemoral  ligament,  337 
Puborectalis  muscle,  425 
Pubovesicales  muscles,  1241 
Pudendal  artery,  accessory,  622 
internal,  in  female,  624 
in  male,  621 
cleft  or  rima,  1275 
nerve,  973 
inferior,  966 
plexus,  nervous,  972 
venous,  680 
veins,  internal,  677 
Pudendum,  1274 
Pudic  arteries,  621,  633 
nerve,  internal,  973 
veins,  internal,  678 
Pulmonary  artery,  550 

opening  of,  in  right  ventricle. 
535 

ligaments,  1099 
nerves,  919 
pleura,  1096 
semilunar  valves,  536 
veins,  646 

openings  of,  in  left  atrium, 
537 

Pulmone8,  1102 
facies  costalis,  1104 
mcdiastinalis,  1104 
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Pulmones ,  margo  anterior ,  1105 
inferior ,  1105 
posterior ,  1106 
Pulp  cavity  of  teeth,  1127 
dental,  1127 
of  spleen,  1296 
Pulvinar,  814 
Puncta  lacrimalia,  1036 
vasculosa,  833 
Pupil,  1019 

congenital  atresia  of,  1020 
Pupillary  membrane,  1010,  1021 
Purkinje,  cells  of,  800 
fibers  of,  544 
Putamen,  840 
Pyloric  antrum,  1172,  1173 
artery,  608 
glands,  1176 
orifice  of  stomach,  1172 
part  of  stomach,  1172,  1173 
valve,  1174 
vein,  686 
Pyramid,  1050 
of  cerebellum,  797 
of  medulla  oblongata,  774 
of  temporal  bone,  140 
of  vestibule,  1056 
Pyramidal  cells  of  cerebral  cortex, 
851 

decussation,  774 
eminence  of  tympanic  cavity, 
1050 

lobe  of  thyroid  gland,  1281 
process  of  palatine  bone,  166 
tracts,  764 

Pyramidalis  muscle,  417 
variations  of;  418 
nasi  muscle,  382 
Pyramids,  renal,  1231 
Pyramid  medulla  oblongata ,  774 


Q 

Quadrate  lobe  of  liver,  1202 
Quadratus  femoris  muscle,  479 
actions  of,  480 
nerves  of,  480 
labii  inferioris  muscle,  383 
action  of,  384 
nerves  of,  384 
superioris  muscle,  383 
action  of,  383 
nerves  of,  383 
lumborum  muscle,  421 
actions  of,  421 
fascia  covering,  420 
nerves  of,  421 
variations  of,  421 
menti  muscle,  383 
plants  muscle,  495 
actions  of,  497 
nerves  of,  497 
variations  of,  495 
Quadriceps  extensor  muscle,  471 
femoris  muscle,  471 
actions  of,  472 
nerves  of,  472 
Quadrigeminal  bodies,  811 


B 

Radial  artery,  596 
branches  of,  598 
carpal,  598 
peculiarities  of,  598 
recurrent,  598 
surface  marking  of,  1352 
fibers  of  cerebral  cortex,  852 
fossa,  212 
nerve,  949 

surface  markings  of,  1353 
sulcus,  211 
tuberosity,  219 


Radialis  indicis  artery,  599 
Radiate  ligament,  299 

sternocostal  ligaments,  302 
Radices  arci  vertebra ,  95 
Radiocarpal  articulation,  327 
movements  of,  330 
Radiohumeral  joint,  surface  anat¬ 
omy  of,  1345 

Radioulnar  articulations,  325 
ligaments,  326 
union,  middle,  326 
Radius,  219 

grooves  on  lower  end  of,  220 
j  oblique  line  of,  219 
ossification  of,  221 
I  sigmoid  cavity  of,  220 
I  structure  of,  221 
I  surface  anatomy  of,  1343 
i  tuberosity  of,  219 
ulnar  notch  of,  220 
Radix  lingua ,  1134 
penis ,  1259 
pili,  1075 
pulmonis ,  1106 
Rami  of  ischium,  235 
of  pubis,  236 
Ramus  of  mandible,  171 
Ranine  artery,  560 
vein,  652,  653 
Ranvier,  crosses  of,  748 
nodes  of,  748 
Raph6,  anococcygeal,  427 
lateral  palpebral,  381 
of  palate,  1121 
pterygomandibular,  385 
of  scrotum,  1247 
Receptaculum  chyli ,  695 
Recess,  epitympanic,  140,  1046 
nasopalatine,  1003 
omental,  1166 
optic,  822 

pharyngeal,  1150,  1151 
pineal,  822 

sphenoethmoidal,  195,  1000 
Recesses,  lateral,  of  fourth  ven¬ 
tricle,  803 
peritoneal,  1168 
of  Troltsch.  1054 
Recessus  ellipticus ,  1056 
infundibuli,  822 
inter  sigmoideus,  1171 
pinealis,  822 
saceiformis ,  327 
8pharicus ,  1055 
supr a  pinealis,  822 
Reciprocal  reception,  articulation 
I  by,  286 

|  Rectal  ampulla,  1193 
|  columns  of  Morgagni,  1195 
I  layer  of  pelvic  fascia,  423 
Recti  muscles,  actions  of,  1030 
nerves  of,  1030 
Rectococcygeal  muscles,  1196 
Rectouterine  excavation,  1162, 
1271 

folds,  1271 

Rectovesical  excavation,  1162 
folds,  1164 

layer  of  pelvic  fascia,  423 
Recto vesicales  muscles,  1241 
Rectum,  1193 
ampulla  of.  1193 
anal  part  of,  1194 
development  of,  1117 
Houston’s  valves  of,  1193 
lymphatic  vessels  of,  715 
relations  of,  1194 
Rectus  abdominis  muscle,  416 
sheath  of,  417 

capitis  anterior  muscle,  396 
action  of,  397 
nerves  of,  396 
anticus  major  muscle,  396 
minor  muscle,  396 
lateralis  muscle,  396 


i  Rectus  capitis  lateralis  n»U9<  b*» 
action  of,  397 
nerves  of,  396 

posterior  major  muscle.  40*2 
action  of,  403 
nerves  of,  403 
minor  muscle.  402 
action  of,  403 
nerves  of,  403 
femoris  muscle,  471 
actions  of,  472 
nerves  of,  472 

j  muscles  of  eyeball,  1029 
Recurrent  artorv,  interosseous, 
601 

radial,  598 
tibial,  639 
ulnar,  600 

branches  from  deep  volar  arch, 
599 

laryngeal  nerve,  918 
nerve,  918 
Red  corpuscles,  525 
nucleus,  808 

Reflected  inguinal  ligament,  413 
Reflections  of  pleurae,  1097 
Reflex  paths,  spinal  intrinsic.  856 
Refracting  media  of  eye,  1025 
Regions  of  abdomen,  1157 
Reil,  island  of,  831 
Reissner,  vestibular  membrane 
of,  1062 

Renal  arteries,  614 
calyces,  1231 
columns,  1231 
corpuscles,  1232 
fascia,  1230 
impression,  1199 
pelvis,  1231,  1235 
plexus,  993 
pyramids,  1231 
sinus,  1231 
tubules,  1231 
veins,  683 

vessels,  afferent  and  efferent, 
1233 

Renes ,  1225 

Reproduction  of  cells,  36 
Respiration,  mechanism  of.  40S 
Respiratory  apparatus,  1079 
development  of,  1079 
nerve  of  Bell,  934,  939 
system,  1079 

Restiform  bodies  of  medulla,  788 
Rett  canalis  hypoglossi,  664 
foraminis  oval  is,  664 
testis ,  1254 

Retia  vcnosa  vertebrarum ,  672 
Reticular  lamina,  1066 
layer  of  skin,  1073 
Reticularis  alba ,  790 
grisca,  790 
Retina,  1021 

central  artery  of,  575 
development  of,  1009 
fovea  centralis,  1022 
layers  of,  1022 
macula  lutca,  1022 
membrana  limitans  1024 
ora  serrata,  1021 
structure  of,  1022 
supporting  frame-work  of,  1024 
Retinacula  of  hip-joint,  336 
patellar,  342 
peroneal,  491 

Retrahens  aurem  muscle,  1043 
Retrocecal  fossa,  1171 
Retroglandular  sulcus  of  penis, 
1259 

Retroperitoneal  fossae,  116S 
Retropharyngeal  lymph  glands, 
698 

i  space,  391 
Retropubic  pad,  1238 
Retrovesical  excavation,  1162 
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Retzius,  colored  lines  of,  1129 
Rhinal  fissure,  external,  737 
Rhinencephalon,  832 
development  of,  737 
Rhombencephalon,  50,  776 
development  of,  730 
Rhombic  grooves,  733 
lip,  732 

Rhomboid  fossa,  804 
impression,  202 
ligament,  314 

Rhomboidei  muscles, actionsof  ,436 
nerves  of,  436 
variations  of,  436 
Rhomboideus  major  muscle,  435 
minor  muscle,  435 
occipitalis  musclo,  436 
Rhomboids,  nerve  to,  938 
Ribs,  121 

common  characteristics  of,  121 
development  of,  79 
false,  121 

floating  or  vertebral,  121 
ossification  of,  125 
peculiar,  123 
structure  of,  123 
true,  121 

vertebrochondral,  121 
vertebrosternal,  121 
Ridge,  ganglion,  49,  728 
supracondylar,  211 
trapezoid  or  oblique,  200 
Ridges,  bicipital,  209 
Right  atrium,  532 
auricle.  533 

auricular  appendix,  533 
coronary  artery,  553 
plexus,  991 
veins,  646 

gastroepiploic  glands,  711 
ventricle,  534 
Rima  glottidis,  1089 
of  mouth,  1119 
palpebrarum ,  1032 
pudendal,  1275  * 

Ring,  femoral,  629 
subcutaneous  inguinal,  411 
tympanic,  144 
Rings,  abdominal,  411,  419 
fibrous,  of  heart,  539 
Risorius  muscle.  386 
action  of,  386 
nerves  of,  386 
variations  of,  386 
Rivinus,  ducts  of,  1145 
notch  of,  1046 
Rod-bipolars  of  retina,  1024 
Rod-granules  of  retina,  1024 
Rods  and  cones,  layer  of,  1024 
of  Corti,  1064 
of  retina.  1024 
Rolando,  fissure  of,  825 
substantia  gelatinosa  of,  758 
tubercle  of.  780 
toller,  nucleus  of,  790 
toof  plate  of  medulla  spinalis, 
131 

toot  of  lung,  1006 
of  penis,  1259 
Loot-sheaths  of  hair,  1076 
Loots  of  spinal  nerves,  769,  922 
of  teeth,  1123 
of  zygomatic  process,  137 
osenmuller.  fossa  of,  1150,  1151 
lymph  gland  of,  707 
organ  of,  1216,  1255 
ostrum  of  corpus  callosum,  834 
sphenoidal,  147 
otary  joint,  285 
otation.  movement  of,  286 
otatores  muscles,  401 
action  of,  403 
nerves  of,  403 
spinas  muscle,  401 
3und  ligament  of  liver,  1202 


Round  ligament  of  uterus,  1271 
Rubrospinal  fasciculus,  876 
Ruffini,  corpuscles  of,  1069 
Rust-colored  layer  of  cerebellar 
cortex,  601 


]  8 

I  Sac,  dental,  1132 
lacrimal,  1037 
preputial,  1260 

Sacs  of  peritoneum,  1160,  1162 
Saccule,  laryngeal,  1089 
of  vestibule,  1060 
Sacculus,  1060 
Saccus  lacrimal  is,  1037 
vaginalis,  1221 
Sacral  arteries,  lateral,  625 
artery,  middle,.  617 
canal,  108 
cornua,  106 
crests,  105,  106 
foramina,  104,  106 
groove,  105 
hiatus,  105 
lymph  glands,  709 
nerves,  divisions  of,  950,  963 
nucleus  of  medulla  spinalis,  763 
plexus,  963 
sympathetic8,  979 
tuberosity,  106 
veins,  677,  681 

Sacrococcygeal  ligaments,  309 
Sacrogenital  folds,  1164,  1271 
Sacroiliac  articulation,  306 
ligaments,  307,  308 
Sacrosciatic  ligaments,  309 
Sacrospinalis  muscle,  398 
Sacro vertebral  angle,  104 
Sacrum.  104 
ala  of,  108 
apex  of,  108 
articulations  of,  109 
auricular  surface  of,  106 
base  of,  107 
ossification  of,  111 
structure  of,  109 
variations  of,  109 
Saddle-joint,  286 
Sagittal  fossa  of  liver,  1201 
sinuses,  658,  659 
sulcus,  129,  132,  134 
suture,  132,  176 
Salivary  glands,  1141 

development  of,  1111 
parotid,  1141 
structure  of,  1145 
sublingual,  1145 
submaxillary,  1144 
Salpingopalatine  fold,  1151 
Salpingopharyngeal  fold,  1151 
Salpingopharyngeus  muscle,  1154 
Salter,  incremental  lines  of,  1129 
Santorini,  cartilages  of,  1083 
duct  of,  1212 

Saphenous  nerves,  962,  969 
opening,  470 
veins,  673,  674 
Sarcolemma,  366,  3g7 
Sarcoplasm,  367 

Sarcous  elements  of  muscles,  367  | 
Sartorius  muscle,  471 
variations  of,  47 1 
Scala  media  [cochlea],  1062 
tympani ,  1059 
vestibuli ,  1059 
Scalene  tubercle,  123 
Scaleni  muscles,  actions  of,  397 
nerves  of,  397 
variations  of,  397 
Scalenus  anterior  muscle,  397 
anticus  muscle.  397 
medius  muscle,  397 
pleuralis  muscle,  397 
posterior  muscle,  397 


I  Scalenus,  posticus  muscle,  397 
Scalp,  lymphatic  vessels  of,  698 
skin  of,  379 
Scapha,  1042 
Scaphoid  bone,  222,  270 
fossa  of  sphenoid,  149,  177 
Scapula,  202 
acromion  of,  203 
coracoid  process  of,  207 
glenoid  cavity  of,  207 
ligaments  of,  316 
ossification  of,  208 
spine  of,  203 
structure  of,  207 
surface  anatomy  of,  1341 
Scapular  arteries,  586 
circumflex  artery,  592 
nerve,  posterior,  938 
notch,  204 

Scapuloclavicular  articulation, 
315 

Scapus  or  shaft  of  hair,  1076 
pili,  1076 

Scarpa,  fascia  of,  409 
foramina  of,  160,  177 
ganglion  of,  1066 
triangle  of,  630 
Schindylesis,  284 
Schlemm,  canal  of,  1012 
Schreger,  lines  of,  1129 
Schwann,  white  matter  of,  747 
Sciatic  artery,  624 
foramen,  309 
nerves,  965,  966 
notch,  235 
veins,  678 
Sclera,  1012 
structure  of,  1013 
Scleral  spur,  1014 
Sclerocorneal  junction.  1012 
Sclerotogenous  layer,  77 
Sclerotome,  77 

Scrotal  arteries,  posterior,  623 
nerves,  posterior,  974 
Scrotum,  1247 
dartos  tunic  of,  1248 
integument  of,  1247 
nerves  of,  1249 
raph6  of,  1247 
vessels  of,  1249 
Sebaceous  glands,  1077 
Second  cuneiform  bone,  271 
metacarpal  bone,  228 
metatarsal  bone,  273 
nerve,  888 

Secondary  areolse  of  bone,  92 
dentin,  1129 
odeytes,  40 

sensory  fasciculus,  767 
spermatocytes,  43 
tympanic  membrane,  1048 
Secretion,  internal,  1279 
Segment,  internodal,  748 
of  Lantermann,  748 
medullary,  748 
Segmentation  of  cells,  36 
of  fertilized  ovum,  45 
nucleus,  45 

Segments,  primitive,  51 
spinal,  755 

Sella  turcica ,  145,  192 
Semicanalis  m.  tensoris  tympani, 
143,  1050 

tuber  audiliver,  143,  1050 
Semicircular  canals,  1057 
ducts,  1060 
Semilunar  artery,  572 
bone,  224 

fibrocartilages  of  knee,  344 
ganglion  of  abdomen.  991 
of  trigeminal  nerve,  S92 
lobules  of  cerebellum,  796 
notch  of  ulna,  220 
Semimembranosus  muscle,  481 
actions  of.  482 
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Somatopleure,  49 
Space  or  Spaces,  of  angle  of  iris, 
1016 

of  Burns,  390 
corneal,  1015 
interpleural,  1099 
of  Fontana,  1016 
intercostal,  121 
interglobular,  1129 
of  Nuel,  1066 
popliteal,  635 
retropharyngeal,  391 
subarachnoid,  882 
suprasternal,  390 
of  Traube.  1334 
SpcUia  zonular  is ,  1026 
Spatium  perichorioideale ,  1012 
Spermatic  artery,  internal,  615 
canal,  419 
cord,  1249 

structure  of,  1249 
fascia,  external,  412,  1248 
nerve,  959 

plexus  of  nerves,  993 
veins,  682 

Spermatids,  43,  1253 
Spermatoblasts,  1253 
Spermatocytes,  43,  1253 
Spermatogonia,  43,  1253 
Spermatozoon  43,  1253 

body  or  connecting  piece  of,  43 

formation  of,  1253 

head  of,  42 

neck  of,  42 

perforator  of,  42 

tail  of,  43 

Sphenoethmoidal  recess,  195, 1000 
suture,  190 

Sphenofrontal  suture,  180,  190 
Sphenoid  bone,  145 

articulations  of,  151 
body  of,  145 
ossification  of,  150 
pterygoid  processes  of,  149 
wings  of,  147,  149 
Sphenoidal  air  sinuses,  147,  1005 
conchce,  150 
crest,  147 

process  of  palatine  bone,  167 
of  septal  cartilage  of  nose, 
999 

rostrum,  147 
spine,  148,  177 
turbinated  processes,  150 
Sphenomandibular  ligament,  29S, 
389 

Sphenomaxillary  fissure,  182 
fossa,  183 

Sphenopalatine  artery,  569 
foramen,  166 
ganglion,  897 
nerves,  896 
notch,  167 

Sphenoparietal  sinus,  662 
suture,  180 

Sphenosquamosal  suture,  180 
Sphenozygomatic  suture,  180 
Sphincter  ani  externus  muscle, 
426 

internus  muscle,  427 
pupilke  muscle,  1020 
recti  muscle,  425 
urethrae  membranaceae  muscle, 
430, 432 

vaginae  muscle,  431 
Spigelian  lobe  of  liver,  1202 
Spina  angularis,  177 
helicis ,  1042 
scapuliF,  203 
veslibuli ,  504 

Spinal  accessory  nerve,  919 
arterieB,  583 
bulb,  771 
column,  94 
cord,  754 

89 


Spinal  cord,  dura  of,  881 

pathways  from  brain  to,  876 
pia  of,  885 

sensory  pathways  from,  to 
brain,  857 
ganglia,  923 
lemniscus,  767 
nerves,  922 

composition  and  central  con¬ 
nections  of,  855 
connections  with  sympa¬ 
thetic,  926 
development  of,  728 
divisions  of,  927,  931 
fibers  of,  926 

points  of  emergence  of,  922 
roots  of,  769,  922 
size  and  direction  of,  923 
structure  of,  926 
reflex  paths,  intrinsic,  856 
segments,  755 
Spinalis  capitis  muscle,  401 
cervicis  muscle,  401 
colli  muscle,  401 
dorsi  muscle,  400 
Spindle,  achromatic,  38 
aortic,  554 
neuromuscular,  1069 
neurotendinous,  1069 
Spine  or  Spines,  ethmoidal,  145, 
190 

of  frontal  bone,  134 
iliac,  234 
ischial,  235 
mental,  170 

nasal,  156,  161,  165,  177,  186 
pubic,  236 
of  scapula,  203 
sphenoidal,  148,  177 
suprameatal,  143,  182 
of  tibia,  256 
trochlear,  135 
Spinoglenoid  ligament,  317 
Spinoolivary  fasciculus,  860 
Spinoquadngeminal  system  of 
Mott,  767 

Spinotectal  fasciculus,  767,  860 
Spinothalamic  fasciculus,  767 
Spinous  process  of  a  vertebra,  94 
Spiral  canal  of  modiolus,  1059 
ligament,  1062 
line  of  femur,  245 
organ  of  Corti,  1064 
thread  of  spermatozodn,  43 
tube  of  kidney,  1233 
Spirem  or  skein,  37 
Splanchnic  fibers  of  spinal 
nerves,  926 
layer  of  mesoderm,  49 
nerves,  987 
Splanchnology,  1079 
Splanchnopleure,  49 
Spleen  or  lien,  1294 
accessory,  1295 
bloodvessels  of,  1297 
development  of,  1294 
lymphatic  capillaries  in,  690 
nodulus  of,  1297 
vessels  of,  716 
Malpighian  bodies  of,  1297 
relations  of,  1294 
size  and  weight  of,  1295 
structure  of,  1295 
supernumerary.  1295 
surface  marking  of,  1325 
Spleuial  center  of  ossification,  173 
Splenic  artery,  609 

distribution  of,  1297 
cells,  1296 
glands,  711 
flexure  of  colon,  1190 
plexus,  992 
pulp,  1296 
vein,  685 

Splenii  muscles,  actions  of,  398 


Splenii  muscles,  nerves  of,  398 
Splenium  of  corpus  callosum,  834 
Splenius  capitis  muscle,  398 
cervicis  muscle,  398 
variations  of,  398 
colli  muscle,  398 
Spongioblasts,  727 
Spring  ligament,  358 
Spur  of  malleus,  1052 
scleral,  1014 
Squama,  frontal,  133 
occipital,  127 
temporal,  137 
Squamosal  suture,  181 
Stahr,  middle  gland  of,  701 
Stalks,  optic,  735,  1008 
of  thalamus,  817 
Stapedius  muscle,  1054 
Stapes,  1053 

annular  ligament  of,  1054 
development  of,  1041 
Stellate  ligament,  299 
veins  of  kidney,  1234 
Stensen,  duct  of,  1143 
foramina  of,  160,  177 
Stephanion,  182,  198 
Sternal  angle,  119,  1322 
end  of  clavicle,  202 
foramen,  119 
glands,  719 
plate,  80 

Sternalis  muscle,  438 
Sternebree,  117 

Sternoclavicular  articulation,  313 
surface  anatomy  of,  1345 
Sternoclavicularis  muscle,  439 
Sternocleidomastoid  artery,  559, 
563 

Sternocleidomastoideus  muscle, 
391 

variations  of,  391 
Sternocostal  ligaments,  302 
surface  of  heart,  532 
Sternohyoid  muscle,  394 
Sternohyoideus  muscle,  394 
variations  of,  394 
Sternomastoid  artery,  559,  563 
muscle,  391 

Sternopericardiac  ligaments,  529 
Stcrnothyreoideus  muscle,  394 
variations  of,  394 
Sternothyroid  muscle,  394 
Sternum,  117 

articulations  of,  121 
development  of,  80 
ossification  of,  119 
structure  of,  119 
Stomach,  1171 
bed, 1172 
body  of,  1173 
cardiac  glands  of,  1176 
orifice  of,  1171 
component  parts  of,  1173 
curvatures  of,  1172 
development  of,  1112 
duodenopyloric  constriction  of, 
1172 

fundus  of,  1173 
glands  of,  1176 
incisura  angularis ,  1172 
interior  of,  1172 
lymphatic  vessels  of,  715 
mucous  membrane  of,  1176 
muscular  coat  of,  1174 
nerves  of,  1177 
openings  of,  1171 
position  of,  1173 
pyloric  antrum,  1172,  1173 
glands,  1176 
orifice,  1172 
valve,  1174 
serous  coat  of,  1174 
shape  and  position  of,  1171 
structure  of,  1 174 
subdivisions  of,  1173 


1410 


INDEX 


Stomach,  sulcus  intermedins,  1172 
surface  marking  of,  1332 
surfaces  of,  1172 
teeth,  1126 
vessels  of,  1177 
Stomodeum,  1110 
Stratiform  fibrocartilagc,  283 
Stratum  cinereum,  812 
com  pactum  [decidua],  58 
comeum,  1072 
dorsale,  818 
germinativum,  1072 
granulosum,  1072 
intermedium  [choroid],  1017 
lemnisci,  812 
lucidum ,  1072 
mucosum,  1072 
opticum  [retina],  1022 
[superior  colliculusl,  812 
spongiosum  [decidua],  59 
zonale ,  812 
Streak,  primitive,  47 
Stria,  longitudinal,  833 
Striate  arteries,  577 
veins,  inferior,  657 
Striated  muscle,  lymphatic  capil¬ 
laries  in,  688 
Stripe  of  Hensen,  1066 
Striped  muscle,  366 
Stroma  of  iris,  1020 
of  kidney,  1235 
of  ovary,  1266 
Styloglossus  muscle,  1139 
Stylohyal  part  of  styloid  process^ 
143 

Stylohyoid  ligament,  393 
muscle,  393 
nerve,  from  facial,  911 
Stylohyoideus  muscle,  393 
variations  of,  393 
Styloid  process  of  fibula,  260 
of  radius,  220 
of  temporal  bone,  143,  178 
of  ulna,  219 

Stylomandibular  ligament,  389 
Stylomastoid  artery,  557,  563 
foramen,  142,  178 
Stylomaxillary  ligament,  298 
Stylopharyngeus  muscle,  1154 
Subanconeus  muscle,  446 
Subarachnoid  cavity,  882 
cisternse,  882 
septum,  883 
space,  882 

Subarcuate  fossa,  141 
Subcallosal  gyrus,  833,  875 
Subcardinal  veins,  576 
Subclavian  arteries,  579 
first  part  of  left,  581 
of  right,  580 
second  portion  of,  581 
surface  anatomy  of,  1302 
marking  of,  1315 
third  portion  of,  581 
triangle,  395,  1318 
vein,  668 

Subclavius  muscle,  439 
variations,  439 
Subcostal  arteries,  605 
zone,  1157 

Subcostales  muscles,  404 
Subcrureus  or  articularis  genu 
muscle,  472 

Subcutaneous  inguinal  ring,  411 
Subdural  cavity,  881 
Subepithelial  plexus  of  cornea, 
1016 

Subfrontal  gyre,  828 
Subinguinal  lymph  glands,  706 
Sublingual  artery,  560 
gland,  1145 
Sublobular  veins,  1206 
Submaxillary  artery,  562 
duct,  1144 
ganglion,  904 


Submaxillary  gland,  1144 

surface  markings  of,  1315 
lymph  glands,  701 
triangle,  392,  1317 
Submental  artery.  562 
lymph  glands,  701 
triangle,  393 

I  Submucosa,  plexus  of,  1187 
I  Subnasal  point,  198 
|  Suboccipital  muscles,  402 
triangle,  403,  582 
I  Subparietal  sulcus,  829 
Subperiosteal  ossification,  91 
Subperitoneal  connective  tissue 
419 

Subpleural  mediastinal  plexus, 
588 

Subpubic  ligament,  310 
Subsartorial  plexus,  962 
Subscapular  angle,  203 
artery,  592 
fascia,  441 
fossa,  202 
nerves,  939 

Subscapularis  muscle,  441 
Subserous  areolar  tissue,  1160 
i  Substantia  adamantina,  1129 
alba,  763 
eburnea,  1128 
ferruginea ,  806 
gelatinosa  centralis,  759 
of  Rolando,  758 
nerve  cells  in,  763 
grisea  centralis ,  758 
innominata  of  Meynert,  843 
nigra ,  808 
ossea,  1129 
perforata  anterior,  833 
propria  [cornea],  1014 
Subthalamic  tegmental  region, 
818 

Suctorial  pad,  385 
|  Sudoriferous  glands,  1077 
!  Sulci  and  fissures  of  cerebral 
hemisphere,  825 
development  of,  740 
!  of  medulla  oblongata,  773,  774 
spinalis,  757 

Sulcus,  anterior  longitudinal,  of 
heart,  531 

antihelicis  transversus,  1042 
arteries  vertebralis ,  97 
basilaris,  791 
calcaneal,  266 
central,  825 
centralis  [Aolandi],  825 
cingulate,  826 
cinguli,  826 
circular,  827,  831 
circularis,  827 
cornea ?,  1014 
coronary,  of  heart,  531 
frontal,  827 

horizontal,  of  cerebellum,  795, 
796 

intermedius  [stomach],  1172 
intraparietal,  828 
lateral  cerebral,  807 
j  limitans  [rhomboid  fossa],  805 
lunatus,  829,  note 
|  malleolar,  262 
|  medial  frontal,  of  Eberstaller, 
828 

median,  of  rhomboid  fossa,  805 
of  tongue,  1134 
I  medianus  posterior,  757 
of  Monro,  734,  822 
occipital,  829 
I  oculomotor,  807 
olfactory,  828 
orbital,  828 
paramedial,  828 
postcentral,  828 
posterior  longitudinal,  of 
heart,  531 


Sulcus,  preauricular,  of  ilium.  234 
precentral,  827 
radial,  211 
retroglandular,  1259 
sagittalis,  129,  132,  134 
sigmoid,  140 
spirales,  1063 
subparietal,  829 
tali,  268 
temporal,  830 

terminal,  of  right  atrium,  533 
of  tongue,  1134 
tuber  auditiwe,  148,  179 
tympanic,  143,  1045,  1047 
vallecula’,  796 
SupercUia,  1032 

Superciliary  arches,  133,  176.  1M 
Superficial  antero-lateral  fasci¬ 
culus,  860 
cervical  artery,  586 
lymph  glands  701 
muscle.  388 
nerve,  933 

epigastric  artery.  633 
external  pudendal  artery,  633 
pudic  artery,  627 
iliac  circumflex  artery,  633 
long  plantar  ligament,  356 
palmar  arch,  602 
perineal  artery,  623 
peroneal  nerve,  972 
Sylvian  vein,  656 
temporal  artery,  565 
vein,  649 

transverse  ligament  of  fingers, 
462 

perineal  muscle,  428,  431 
volar  artery,  598 
Superficialis  volse  artery,  59S 
Superfrontal  gyre,  827 
Superior  articular  arteries,  637 
calcaneocuboid  ligament,  356 
cerebellar  peduncles,  798 
constrictor  muscle.  1 153 
coronary  artery,  562 
dental  nerve,  896 
epigastric  artery,  589 
intercostal  artery,  589 
lingualis  muscle,  1 139 
longitudinal  sinus,  658 
maxillary  nerve,  895 
medullary  velum,  799 
nasal  concha,  154 
nuchal  line,  128 
oblique  muscle,  1029 
orbital  fissure,  149,  189 
pancreatico-duodenal  artery, 
609 

petrosal  sinus,  663 
profunda  artery,  595 
sagittal  sinus,  658 
semicircular  canal,  1057 
semilunar  lobule,  796 
tarsal  plate,  1032 
thoracic  artery.  691 
thyroid  artery,  surface  markings 
of,  1314 

tibiofibular  articulation,  350 
tympanic  artery,  568 
ulnar  collateral  artery,  595 
vesical  artery,  619 
vocal  cords,  1087 
Supernumerary  spleen.  1295 
Supinator  brevis  muscle,  455 
longus  muscle,  452 
muscle,  455 

Supra-acromial  nerves,  934 
Supporting  cells  of  Hensen.  1066 
of  Sertoli,  1253 
frame-work  of  retina.  1024 
Supracallosal  gyrus,  833 
Supraclavicular  branches  of 
brachial  plexus,  938 
nerves,  934 

Supraclavicularis  muscle,  391 
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Supracondylar  process,  212,  note 
ridges,  211 

Supracostalis  muscle,  404 
Supraglenoid  tuberosity,  207 
Suprahyoid  aponeurosis,  393 
artery,  560 
lymph  glands,  701 
muscles,  392 
triangle,  393,  1317 
Supramarginal  gyrus,  829 
Supramastoid  crest,  137 
Suprameatal  spine,  143,  182 
triangle,  132,  182 
Supraorbital  artery,  573 
foramen,  134,  185,  189 
margin,  133 
nerve,  893 
notch, 134,185,189 
vein,  648 

Suprarenal  arteries,  614,  616 
glands,  1290 

development  of,  1290 
lymphatic  vessels  of,  716 
nerves  of,  1292 
relations  of,  1290 
structure  of,  1291 
vessels  of,  1292 
impression,  1201 
plexus,  993 
veins,  683 

Suprascapular  artery,  586 
ligament,  317 
nerve,  938 

Supraspinal  ligament,  290 
Supraspinatous  fascia,  441 
fossa,  203 

Supraspinatus  muscle,  441 
Supraspinous  ligament,  290 
Suprasternal  nerves,  934 
space,  390 

Supratonsillar  fossa,  1147 
Supratrochlear  foramen,  212 
nerve,  894 
Sural  arteries,  637 

cutaneous  nerve,  medial,  968 
nerve,  969 

Surface  anatomy  and  surface 
markings  of  abdomen, 
1328,  1330 

accessory  nerve,  1315 
acromioclavicular  joint,  1345, 
1349 

adductor  canal,  1365 
ankle-joint,  1358,  1365 
anterior  jugular  vein,  1315 
tibial  artery,  1361.  1366 
aorta,  abdominal  1328,  1336 
ascending,  1327 
aortic  arch,  1327 
axillary  artery,  1348,  1351 
nerve,  1353 
back,  1318,  1320 
bones  of  abdomen,  1328 
of  back,  1318 
of  cranium,  1303 
of  lower  extremity,  1354 
of  thorax,  1322 
of  upper  extremity,  1341 
brachial  arterv,  1348,  1352 
plexus.  1315,  1348 
brain,  1304 

Bryant’s  triangle,  1365 
calcaneus,  1327 
calcaneo-cuboid  joint,  1365 
carpal  bones,  1343 
caruncula  lacrimalis,  1311 
cecurn,  1334 
celiac  artery,  1337 
cerebellum,  1304 
cerebral  hemisphere,  1304 
cervical  cutaneous  nerve, 
1315 

clavicle,  1341 
colon,  ascending,  1334 
descending,  1335 


Surface  anatomy  and  surface 
markings,  colon,  iliac,  1335 
transverse,  1334 
common  carotid  artery,  1314 
iliac  artery,  1337 
peroneal  nerve,  1362,  1366 
deep  peroneal  nerve,  1366 
deltoideus  muscle,  1346 
digestive  tube,  1328 
diaphragm,  1324 
dorsalis  pedis  artery,  1361, 
1366 

duodenum,  1334 
ear,  1312 

elbow-joint,  1345,  1349 
esophagus,  1326 
external  carotid  artery,  1314 
iliac  artery,  1337 
jugular  vein,  1315 
maxillary  artery,  130(5 
eye,  1311 

facial  artery,  1314 
nerve,  1315 

femoral  artery,  1361,  1366 
triangle  1365 
femur,  1355 
fibula,  1356 
fissures  of  brain,  1305 
fold  of  groin,  1328 
frontal  sinus,  1306 
gall-bladder.  1335 
gluteal  arteries,  1365 
fold,  1354 

great  auricular  nerve,  1315 
head  and  neck,  1299 
heart,  1326 

coronary  sulcus,  1326 
longitudinal  sulcus,  1326 
orifices  of,  1326 
Hesselbach’s  triangle,  1336 
hip-bones,  1354 
hip-joint,  1351,  1354 
humeral  circumflex  artery, 
1352 

humerus,  1341 
hyoid  bone,  1313 
ileocolic  junction,  1334 
iliac  arteries,  1337 
furrow,  1328 

inferior,  epigastric  artery, 
1336 

vena  cava,  1327 
infrastemal  notch,  1322 
inguinal  rings  and  canal 
1330 

innominate  artery,  1327 
veins,  1327 

internal  jugular  vein,  1318 
mammary  artery,  1327 
pudendal  artery,  1365 
intestines,  1334,  1335 
joints  of  fingers,  1345 
of  foot,  1365 
jugular  notch,  1322 
veins,  1315 
kidneys,  1330, 1335 
knee-joint,  1358,  1365 
lacrimal  puncta,  1311 
sac,  1311 

larynx,  1311,  1313 
lateral  plantar  artery,  1366 
thoracic  artery,  1352 
ventricle  of  brain,  1306 
latissimus  dorsi,  1345,  1350 
left  common  carotid  artery 
in  thorax,  1327 
lesser  occipital  nerve,  1315 
linea  nigra,  1328 
semilunaris,  1328 
lingual  artery,  1314 
liver,  1329,  1335 
lower  extremity,  1353 
lungs,  1325 
mamma,  1323 
maxillary  sinus,  1306 


Surface  anatomy  and  surface 
markings,  medial  plantar 
artery,  1366 
median  nerve,  1352 
medulla  spinalis,  1321 
mesenteric  arteries,  1337 
metacarpal  bones,  1344 
metatarsal  bones,  1357 
metatarso-phalangeal  joint, 

1365 

middle  meningeal  artery, 
1306 

mouth,  1308 

mucous  sheaths  around 
ankle,  1365 

of  wrist  and  hand,  1351 
muscles  of  abdomen,  1328, 
1330 

of  arm,  1345 
of  back,  1319 
of  buttock,  1358 
of  foot,  1360 
of  forearm,  1346 
of  head  and  neck,  1300, 
1301,  1314 
of  hand.  1348,  1349 
of  leg,  1359 
of  thigh,  1358 
of  thorax,  1322 
nasal  part  of  pharynx  1311 
nasolacrimal  duct,  1311 
neck,  1313 
N6laton’s  line,  1362 
nose,  1308 
nutrient  artery,  1352 
occipital  artery,  1314 
palatine  arches,  1308 
palmar  or  volar  arches,  1352 
palpebral  fissure,  1311 
pancreas,  1330,  1335 
parotid  duct,  1307 
gland,  1307 
patella,  1355 

pectorales  muscles,  1345,1351 
pelvis,  1353 
perineum,  1337 
peroneal  artery,  1366 
nerves,  1366 
phalanges  of  foot,  1357 
of  hand,  1345 
phrenic  nerve,  1315 
plantar  arch,  1366 
arteries,  1366 
pleune,  1324 
plica  semilunaris,  1311 
popliteal  artery,  1361,  1366 
fossa,  1365 

posterior  tibial  artery,  1361, 

1366 

profunda  brachii  artery,  1352 
femoris  artery,  1366 
pupil,  1311 

radial  artery,  1348,  1352 
nerve,  1353 

radio-humeral  joint,  1345 
radio-ulnar  joints,  1345 
radius,  1343 

rectum  and  anal  canal,  1337 
Reid’s  base  line,  1303 
renal  arteries,  1337 
sacroiliac  joint,  1365 
saphenous  veins,  1366 
scapula,  1341 

scapular  circumflex  artery, 
1352 

sciatic  nerve,  1366 
serrat  us  anterior  muscle,  1346 
shoulder- joint,  1345 
space  of  Traube,  1334 
spinal  nerves,  1322 
spleen,  1335 

sternal  angle,  1322,  1324 
sternoclavicular  joint,  1345 
stern o cl eidom  ast  oid  eu  a 
muscle,  1301 
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Tendinous  inscriptions  of  rectus 
abdominis  muscle,  417 
Tendo  A  chillis,  485 
calcaneus, -485 
oculi,  381 

Tendon,  action  of  muscle  pull  on, 
372 

central,  of  diaphragm,  407 
conjoined,  of  internal  oblique 
and  transversalismuscle8,415 
of  conus  arteriosus,  535 
superior,  of  Lockwood,  1029 
of  Zinn,  1029 
Tendons,  368 

on  back  of  wrist,  relations  of, 
460 

in  front  of  wrist,  458 
Tendril  fibers  of  cerebellum,  802 
Tenon,  capsule  of,  1031 
Tensor  fascia  latce  muscles,  ac¬ 
tions  of,  480 
nerves  of,  480 
palati  muscle,  1148 
tarsi  muscle,  381 
tympani  muscle,  1054 
semicanal  for,  143,  1050 
veli  palatini  muscle,  1148 
Tenth  nerve,  916 
Tentorial  sinus,  659 
Tentorium  cerebelli ,  880 
Teres  major  muscle,  443 
minor  muscle,  442 
variations  of,  443 
Terminal  crest  of  right  atrium, 
533 

sulcus  of  right  atrium,  533 
vein,  657 

ventricle,  727,  759 
Testes,  1246,  1250 
appendages  of,  1252 
appendix  of,  1252 
coni  vasculosi  of,  1254 
coverings  of,  1246 
descent  of,  1220 
development  of,  1220 
ductuli  efferentes,  1254 
ductus  deferens ,  1255 
gubernaculum  testis,  1221 
lobules  of,  1253 
lymphatic  capillaries  of,  691 
vessels  of,  717 
mediastinum  testis,  1253 
rete  testis,  1254 
structure  of,  1253 
tubuli  recti,  1254 
seminiferi,  1253 
tunica  albuginea,  1252 
vaginalis,  1252 
vasculosa,  1252 
Thalnmencephalon,  814 
Thalami,  814 

connections  of,  816 
development  of,  735 
intermediate  mass  of,  735,  815 
stalks  of,  817 
structure  of,  816 
surfaces  of,  814 , 815 
Thalamic  tract  of  cranial  nerves, 
Sll 

Thalumomammillary  fasciculus, 
S45 

Thebesius,  foramina  of,  534 
valve  of,  534,  646 
veins  of,  617 
Thenar  eminence,  457 
Thigh  bone,  242 
fascia  lata  of,  469 
superficial,  469 
muscles  of,  468 
Third  cuneiform  bone,  271 
metacarpal  bone,  228 
metatarsal  bone,  274 
nerve,  890 
trochanter,  246 
ventricle  of  brain,  821 


Thoracic  aorta,  602 
peculiarities  of,  603 
arteries,  591,  592 
axis,  592 

cardiac  nerves,  918 
duct,  694 

nerves,  divisions  of,  929,  950 
portion  of  gangliated  cord,  987 
vertebrae,  100 

Thoracoacromial  artery,  592 
Thoracodorsal  nerve,  940 
Thoracoepigastric  vein.  674 
Thoracolumbar  sympathetica,  980 
Thorax,  114 

boundaries  of,  115 
cavity  of,  527 
lymph  glands  of,  719 
lymphatic  vessels  of,  720 
mechanism  of,  304 
muscles  of,  403 

surface  anatomy  of,  1322 
openings  of,  115,  116,  528 
parts  passing  through,  528 
skeleton  of,  115 
surface  anatomy  of,  1322 
markings  of,  1323 
Thromboplastin,  527 
Thumb,  carpometacarpal  articu¬ 
lation  of,  332 
Thvmus,  1283 

development  of,  1283 
glands,  1283 

lymphatic  capillaries  in,  690 
vessels  of,  724 
nerves  of,  1285 
structure  of,  1284 
vessels  of,  1285 

Thyreoarytsenoideus  muscle, 
1092 

Thyreohyoideus  muscle,  395 
action  of,  395 
nerves  of,  395 
variations  of,  395 
Thyreoidea  ima  artery,  556 
Thyroarytenoid  ligaments,  1087 
muscle,  1092 
Thyrocervical  trunk,  585 
Thyroepiglottic  ligament,  1086 
muscle,  1092 
Thyroglossal  duct,  1135 
Thyrohyals  of  hyoid  bone,  176 
Thyrohyoid  ligaments,  1085 
membrane,  1084 
muscle,  395 

Thyroid  arteries,  559,  585 
axis,  585 
body, 1279 
cartilage,  1081 
foramen,  237 
gland,  1279 

development  of,  1279 
isthmus  of,  1280,  1201 
lobes  of,  1280,  1281 
lymphatic  capillaries  in,  690 
vessels  of,  701 
nerves  of,  1282 
pyramidal  lobe  of,  1281 
structure  of,  1281 
vessels  of,  1282 
notch,  superior,  1081 
veins,  653,  670 
Thyroids,  accessory,  1281 
Tibia,  256 

condyles  of,  256 
nutrient  artery  of,  642 
ossification  of,  260 
spine  of,  256 

surface  anatomy  of,  1356 
i  tuberosity  of,  256 
Tibial  artery,  anterior,  638 
branches  of,  639 
peculiarities  of,  639 
surface  marking  of,  1361 
posterior,  641 
branches  of,  642 


Tibial  artery,  posterior,  peculiar¬ 
ities  of,  642 

surface  marking  of,  1366 
recurrent,  639 

collateral  ligament  of  knee* 
joint,  343 
nerve,  966 
anterior,  971 
surfaces  of  femur,  248 
veins,  676 

Tibialis  anterior  muscle,  482 
anticus  muscle,  482 
posterior  muscle,  487 
Tibiofacialis  muscle,  482 
Tibiofibular  articulation,  350 
ligament,  middle,  350 
syndesmosis,  350 
Tibionavicular  ligament,  352 
Tibio tarsal  articulation,  351 
Tomes’  fibers,  1128 
Tongue,  1134 

development  of,  1111 
dorsum  of,  1134 
frenulum  of,  1134 
glands  of,  1140 
lymph  gland  of,  700 
lymphatic  vessels  of,  700 
mucous  membrane  of,  1140 
muscles  of,  1127 
actions  of,  1 140 
nerves  of,  1141 
papillae  of,  1 135 
septum  of,  1141 
structure  of,  1140 
vessels  of,  1141 
Tonsilla  cerebelli,  797 
TonsiUce  inlestinales,  1186 
palatine,  1146 
Tonsillar  artery,  562 

nerves  from  glossopharyngeal, 
915 

sinus,  1147 
Tonsils,  1146 
lingual,  1140 
palatine,  1146 

development  of,  1112 
lymphatic  vessels  of,  699 
nerves  of,  1 148 
structure  of,  1 148 
vessels  of,  1 148 
pharyngeal,  1151 
Torcular  Herophili,  129,  662 
Torus  of  auditory  tube,  1150 
uretericus,  1242 
uterinus,  1164 
Touch  fibers,  860 
Trabeculce  camece,  535,  538 
of  penis,  1260 
of  spleen,  1295 
of  testis,  1253 
Trachea,  1093 

lymphatic  capillaries  in,  690 
nerves  of,  1096 
relations  of,  1093 
structure  of,  1095 
vessels  of,  1096 
Tracheal  artery,  585 
Trachealis  muscle,  1096 
Trachelomastoid  muscle,  400 
Tracheobronchial  glands,  722 
Trachoma  glands,  1035 
Tract  or  Tracts,  anterior  basis 
bundle,  765 
of  Burdach,  758,  768 
central,  of  cranial  nerves,  810 
of  trigeminal  nerve,  Sll 
cerebellar,  of  Flechsig,  766 
comma,  769 

dorsal  peripheral  band,  769 
of  Goll,  758,  767 
of  Gowers,  766,  860 
|  lateral  basis  bundle,  767 
of  Lissauer.  767 
olfactory,  832 
optic,  820,  890 
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Tract  or  Tracts,  p  re  pyramidal, 
766 

pyramidal,  764,  765 
thalamic,  of  cranial  nerves,  Ml 
Traction  epiphyses,  93 
Tractua  iliotibialis ,  469 
olfactomcst  n ce  jihal icus ,  87 3 
olfactoriua,  832 

pcduncularis  transveraua,  808, 
note 

spiralis  foraminosus,  141, 
Tragicus  muscle,  1043 
Tragus,  1042 
Transpyloric  plane,  1157 
Transversa  colli  artery,  586 
Transversalis  cervicis  muscle,  400 
colli  artery,  586 
fascia,  419 
muscle,  415 

Transverse  acetabular  ligament 
of  hip-joint,  33s 
aorta,  554 

carpal  ligament,  457 
cervical  arteries,  586 
nerve,  933 
colon,  1190 
crural  ligament,  490 
facial  artery,  565 
vein,  649 

fibers  of  cerebral  hemispheres, 
848 

fissure  of  brain,  848 
of  liver,  1201 
folds  of  rectum,  1193 
ligament  of  atlas,  295 
of  fingers,  462 
humeral,  319 
of  knee,  345 
metacarpal,  333 
metatarsal,  361 
of  pelvis,  430 
ligaments  of  scapula,  317 
lingualis  muscle,  1139 
mesocolon,  1167 
occipital  sulcus,  829 
portion  of  duodenum,  1 180 
process  of  a  vertebra,  95 
scapular  artery,  586 
sinus,  664 

of  pericardium,  528 
temporal  gyri,  830 
Transversus  abdominis  muscle, 
415 

variations  of,  415 
auricula)  muscle,  1144 
linguae  muscle,  1139 
menti  muscle,  383 
nuchae  muscle,  380 
pedis  muscle,  495 
perimei  muscle,  428 

profundus  muscle  in  female, 
432 

in  male,  430 

superficialis  muscle,  actions 
of,  429,  431 
in  female,  431 
in  male,  428 
thoracis  muscle,  404 
Trapezium,  225 
Trapezius  muscle,  433 
actions  of,  436 
nerves  of,  435 
variations  of,  433 
Trapezoid,  225 
body, 793 
ligament,  315 
nucleus,  793 
ridge,  200 

Traul>e,  space  of,  1334 
Treves,  bloodless  fold  of,  1170 
Triangle  of  auscultation,  435 
Bryant’s,  1365 
carotid,  393,  395,  1315,  1316 
digastric,  1317 
femoral,  630 


Triangle  of  Hesselbach,  1336 
lumbar,  435 
muscular,  395,  1315 
of  neck,  1315 
occipital,  395,  1317 
of  Petit,  435 
Scarpa’s,  630 
subclavian,  395,  1318 
submaxillary,  393,  1317 
submental,  393 
suboceipital,  403,  582 
suprahyoid,  393,  1317 
suprameatal,  138,  182 
Triangular  articular  disk,  327 
bone,  224 

fascia  of  abdomen,  413 
ligament,  429 

of  liver,  1160,  1161 
Triangularis  muscle,  383 
sterni  muscle,  404 
Triceps  brachii  muscle,  445 
extensor  cubiti  muscle,  445 
muscle,  445 
sura?  muscle,  485 
Tricuspid  valve,  535 
Trifacial  nerve,  892 
Trigeminal  impression,  141 
nerve.  892 

!  central  tract  of,  811 

composition  and  central  con¬ 
nections  of,  868 
reflexes,  895 

surface  marking  of,  1307 
Trigone,  olfactory,  833 
Trigonum  collateral e,  839 
femorale,  630 
fibrosum ,  539 
habenula ,  818 
hypogloasi ,  805 
I  olf actor  ium,  833 

vesica:,  1241 

I  Trochanter,  greater,  244 
|  lesser,  245 

I  third,  246 

'  Trochanteric  fossa,  244 
j  Trochlea  of  humerus,  212 
I  Trochlear  fovea,  135,  187 
nerve,  891 

composition  and  central  con- 
I  nections  of,  869 

I  process  of  calcaneus,  266 
spine,  135 
Trochoid  joint,  285 
I  Trolard,  anastomotic  vein  of,  656 
Troltsch,  recess  of,  1054 
Trophoblast,  46 
!  True  pelvis,  239 
j  skin,  1073 

vocal  cords,  1087 
I  Truncus  arteriosus ,  506 
I  costocervicalis ,  589 
symimthicus ,  982 
thyreocerricalis,  585 
Trunk,  arteries  of,  602 
j  articulations  of,  287 
i  costocervical,  589 
thyrocervical,  585 
I  Tuba  audit ira,  1050 
j  uterina  [Fallopii],  1267 
Tube,  auditory,  1050 
I  digestive,  1109 
!  Eustachian,  1050 
I  Fallopian,  1267 
neural,  49 
i  uterine,  1267 
Tuber  cinereum ,  780 
frontale,  133 
omentale  [liver],  1199 
[parcreas].  1211 
pari  dale,  131 
|  ralvu be,  797 

tennis  [cerebellum],  797 
1  Tuberie  lobe,  797 
Tubercle,  adductor,  246 
anterior,  97 


.  Tul>ercle,  articular,  of  temporal 
bone,  137,  178 

I  auricular,  of  Darwin,  1041 
j  conoid,  200 
I  cuneate,  775 
i  cuneiform,  1087 
|  of  epiglottis,  1084 
of  femur,  245 
of  humerus,  209 
j  intervenous,  534 
jugular,  129 
|  lacrimal,  159 
I  of  Lower,  534 
mental,  170 
obturator,  237 
i  peroneal,  266 

pharyngeal.  130,  177 
posterior.  97 
pterygoid,  150 
pubic,  236 
.  of  rib,  122 
'  of  Rolando,  780 
scalene,  123 

Tuberculum  acusticum,  806,  912 
impar ,  1111 
intervenosum,  534 
i  majus  [humeri],  209 

i  ?ninus  [humeri],  209 

sella,  145,  192 
Tuberosity,  calcaneal,  266 
coracoid.  200 
costal,  202 
of  culwid,  269 
I  deltoid,  211 

|  of  fifth  metatarsal  bone,  274 
I  gluteal,  246 
1  Uiac,  234 
I  infraglenoid,  205 
I  of  ischium,  235 
maxillary,  156,  157 
I  of  navicular  bone,  270 
of  palatine  bone,  166 
I  radial,  219 

supraglenoid,  207 
of  tibia,  256 
of  ulna,  214 
Tubules,  renal,  1233 
Tubuli  lactiferi,  1278 
recti  [testis],  1254 
serniniferi,  1253 
Tunic,  dartos,  1248 
fibrous,  of  kidney,  1230 
Tunica  adventitia ,  521 
albuginea  [ovary],  1266 
[testis],  1252 
conjunctiva  bulbi,  1034 
dartos,  1248 
elastica  externa,  521 
fibrosa  oculi ,  1012 
I  intima,  520 
I  media,  520 
serosa,  1164 
vaginalis,  1249,  1252 

communis  [testis  et  funiculi 
spermatid],  1249 
j  propria  testis,  1252 
vascidosa  [testis],  1253 
oculi,  1016 

Tunics  of  eyeball,  1012,  1016 
Tunnel  of  Corti,  1065 
Turbinated  bone,  167 

processes,  sphenoidal,  150 
Turner,  intraparietal  sulcus  of, 
j  §28 

I  Twelfth  nerve,  920 
!  Tympanic  antrum,  140 
I  artery,  567 

from  ascending  pharyngeal 
565 

from  internal  maxillary 
567 

canaliculus,  inferior,  141, 

I  180 

I  cavity,  1045 
1  arteries  of,  1054 


Tympanic  cavity,  attic  or  epi- 
tympanic  recess  of,  1046 
carotid  or  anterior  wall  of, 
1050 

jugular  wall  or  floor  of,  1046 
labyrinthic  or  median  wall 
of,  1048 

mastoid  or  posterior  wall  of, 
1050 

membranous  or  lateral  wall 
of,  1046 

mucous  membrane  of,  1044, 
1054 

muscles  of,  1054 
nerves  of,  1054 
ossicles  of,  1052 
tegmental  wall  or  roof  of, 
1046 

vessels  of,  1054 
lip,  1003 
membrane,  1047 
nerve  (Jacobson’s),  915,  1055 
plexus,  915,  1055 
ring, 144 

sulcus,  143,  1045,  1047 
Tympanohyal  part  of  styloid  i 
process,  143 

Tympanomastoid  fissure,  142,  178 
Tympanum,  1045 


U 


Ulna,  214 
articulations  of,  219 
coronoid  process  of,  214 
ossification  of,  219 
radial  notch  of,  215 
semilunar  notch  of,  215 
sigmoid  cavities  of,  215 
structure  of,  219 
styloid  process  of,  219 
surface  anatomy  of,  1342 
Ulnar  artery,  599 

surface  marking  of,  1352 
collateral  artery,  595 
recurrent  artery,  600 
notch  of  radius,  220 
Ultimo- branchial  bodies,  1282 
Umbilical  arteries  in  fetus,  546 
cord,  56 
folds,  1241 
fossa  of  liver,  1201 
notch  of  liver,  1201 
veins,  60,  515 
obliterated,  685,  1160 
zone,  1157 
Umbilicus,  418 

surface  anatomy  of,  1328 
markings  of.  1330 
Umbo  of  membrana  tvmpani, 
1047 

Unciform  bone,  227 
Uncinate  fasciculus,  849 
Unconscious  muscle  sense,  im¬ 
pulse's  of,  857 
Uncus,  832 

Ungual  phalanges,  230,  275 
Ungues,  1074 
Urachus,  1223 
Ureter,  1235 
arteries  of,  1237 
lymphatic  vessels  of,  716 
muscles  of,  1243 
nerves  of,  1237 
orifices  of,  1242 
Urethra,  development  of,  1225 
female.  1246 
male,  1244 

crest  or  verumontanum  of, 
1244 

lymphatic  vessels  of,  717 
muliebris,  1246 
virilis,  1244 
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Urethral  artery,  623 
bulb,  1245 

crest,  in  female,  1240 
in  male,  1244 
glands,  1245 

orifices,  1242,  1245,  1276 
plate,  1225 

Urinary  bladder,  abnormalities 
of,  1243 
female,  1240 

1  lymphatic  capillaries  in,  687 
male,  1237 
|  meatus,  1276 

!  organs.  1225 

I  Urogenital  apparatus,  1214 
diaphragm,  429 
!  fold,  1216 
organs,  1214 

I  ostium,  primitive,  1225 
sinus,  1223 

1  Urorectal  septum,  1118 
I  Uterine  artery,  619 
I  glands,  1274 

plexus  of  nerves,  995 
plexuses  of  veins,  680 
tube.  1267 

Uterosacral  ligaments,  1271 
Uterus,  1268 
in  adult,  1271 
after  parturition,  1272 
cervix  of,  1270 
development  of,  1217 
during  menstruation,  1272 
pregnancy,  1272 
in  fetus.  1271 

form,  size,  and  situation  of,  1271 
fundus  of,  1269 
interior  of,  1270 
isthmus  of,  1268 
ligaments  of,  1271 
lymphatic  capillaries  of,  691 
vessels  of,  718 

masculinus,  or  prostatic  utricle, 
1244,  1245 
nerves  of,  1274 
in  old  age,  1272 
palmate  folds  of,  1270 
at  puberty,  1271 
virgin  state  of.  1268 
Utricle,  prostatic,  1244 
of  vestibule,  1059 
Utriculus ,  1059 
Uvea,  1020 

Uvula  of  cerebellum,  797 
palatine,  1121 
vermis ,  797 
vesica* ,  1242 
Uvular  lobe,  797 


V 


Vagina,  1274  j 

lymphatic  vessels  of,  719  , 

Vaginw  mucosa-,  283 
Vaginal  artery,  620 

bulb,  1277  | 

orifice,  1276 
plexus  of  nerves,  995 
plexuses  of  veins,  681 
process  of  temporal  bone,  142, 
143 

processes  of  sphenoid  bone,  149 
Vagus  nerve,  916 

composition  and  central  con¬ 
nections  of,  861 
sympathetic  afferent  fitx?rs, 
979 

efferent  fibers  of,  978 
Vallecula  cerebelli,  794 
Vallecula?  of  tongue,  1083  I 

Vallum,  1135  | 

Valsalva,  sinuses  of,  536,  538 
Valve,  bicuspid,  538  , 

colic,  1189  1 
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Valve  of  coronary  sinus,  534,  646 
Eustachian,  534 
ileocecal,  1189 

of  inferior  vena  cava,  534,  682 
I  mitral,  538 
pyloric,  1174 
Thebesian,  534,  646 
tricuspid,  535 
of  Vieussens,  799 
Valves,  anal,  1194 

of  heart,  development  of,  508 
of  Houston,  1 193 
of  Kerkring,  1183 
of  lymphatics,  691 
right  and  left  venous,  504 
semilunar  aortic,  538 
pulmonary,  536 
of  veins,  523 

I  Valvulabicuspidalis  [mclralis],o'SS 
coli,  1189_ 
pylori,  1174 

sinus  coronarii  [Thebcsii],  535 
tricusjndalis,  535 
r  cnee  cava 1  inferior  is,  534 
Valrultv  connivcntes,  1183 
Vns  aberrans  of  Haller,  1256 
deferens,  1255 
spirale ,  1064 

Vasa  aberrantia  (from  brachial 
artery],  594 
brevia  arteries,  610 
intestini  tenuis  arteries,  611 
vasorum  [arteries],  521 
[veins],  524 

Vascular  capsule  of  lens,  1010 
system,  changes  in,  at  birth, 
548 

development  of.  500 
peculiarities  in  fetus,  545 
tunics  of  eye,  1016 
Vasoformative  cells,  500 
Vasomotor  nerve  fibers,  749 
Vastus  externus  muscle,  471 
intermedius  muscle,  472 
internus  muscle,  472 
lateralis  muscle,  471 
medialis  muscle,  472 
Vater,  ampulla  of,  1209 
Vein  or  Veins,  of  abdomen.  676 
accessory  hemiazygos,  67 1 
anastomotic,  of  Labbe,  656 
angular,  649 
auditor  y,  1067 
auricular,  650 
axillary,  667 
azygos,  671 
basal,  657 
basilic,  666 
median,  665 
basivertebral,  672 
brachial,  667 
brachiocephalic,  668 
of  brain,  656 
bronchial.  671,  1108 
cardiac,  646.  647 
cardinal,  516 
cephalic,  665 
accessory,  666 
cerelx?llar,  657 
cerebral,  656,  657 
choroid.  657 
coats  of,  523 
common  facial,  649 
iliac,  681 
coronary,  646 
of  stomach,  686 
of  corpus  striatum,  844 
cystic,  686 
deep  cerebral,  657 
cervical,  655 
epigastric,  676 
facial,  64 9_ 
femoral,  676 
of  forearm,  667 
of  hand,  667 
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Vein  or  Veins,  deep,  of  lower  ex¬ 
tremity,  675 
of  upper  extremity,  667 
development  of,  514 
digital,  of  foot,  673 
of  hand,  664 
diploic,  655 
dorsal  digital,  664 
metacarpal,  664,  667 
of  penis,  680 
emissary,  664 
epigastric,  676 
extraspinal,  672 
facial,  649,  650 
femoral,  676 
frontal,  648 
of  Galen,  657 
gastroepiploic,  685,  686 
gluteal,  678 
of  hand,  664,  667 
of  head  and  neck,  647 
of  heart,  646 
hemiazygos,  671 
hemorrhoidal,  680.  685 
hepatic,  684 
hypogastric,  677 
iliac,  676,  677,  682 
iliolumbar,  682 
inferior  vena  cava,  681 
innominate,  668 
intercapitular,  665,  673 
intercostal,  highest,  670 
interlobular,  of  kidney,  1235 
of  liver,  1206 
intervertebral,  673 
intralobular,  of  liver,  1207 
intraspinal,  672 
jugular,  650,  651,  652 
primitive,  516 

of  Labb5,  posterior  anasto¬ 
motic,  656 
labial,  649 
lateral  sacral,  677 
of  left  atrium,  530 
lienal  or  splenic,  685 
lingual,  652 

of  lower  extremity,  673 
lumbar,  682 
ascending,  671 
mammary,  internal,  670 
marginal,  of  foot,  673 
of  heart,  646 
masseteric,  649,  686 
maxillary,  internal,  650 
median  antibrachial,  666 
basilic,  665 

of  medulla  spinalis,  673 
mesenteric,  686 
metatarsal,  676 
nasofrontal,  663 
of  neck,  650 

oblique,  of  left  atrium  [Mar- 
shalli],  518,  529,  647,  680 
obturator,  677 
occipital.  650 
ophthalmic,  662 
orbital,  649 
ovarian,  683 
palpebral,  649 
pancreatic,  685 
pancreaticoduodenal,  686 
parumbilical,  686 
of  pelvis,  673,  676 
penis,  dorsal  of,  680 
peroneal,  676 
pharyngeal,  653 
phrenic,  inferior,  683 
superior.  670 
plantar,  675,  676 
plexus  of,  basilar,  664 
hemorrhoidal,  680 
prostatic  680 
pterygoid  649 
pudendal.  680 
uterine,  680 


Vein  or  Veins,  plexus  of,  vaginal, 
681 

vertebral.  672 
vesical,  680 
vesi  co  pro  static,  680 
popliteal,  676 
portal,  684,  685 
posterior  of  left  ventricle,  647 
primitive  jugular,  516 
profunda  femoris,  676 
pubic,  677 

pudendal,  internal,  678 
pudic,  678 
pulmonary ,  646 
pyloric,  686 
ranine,  652 
renal,  683,  1235 
sacral,  677,  680,  681 
I  saphenous,  673 
j  sciatic,  678 

short  gastric,  685 
spermatic,  682 
I  of  spinal  cord,  673 
splenic  or  lienal,  685 
striate,  inferior,  657 
structure  of,  523 
i  subcardinal,  516 
I  subclavian,  668 

sublobular,  of  liver,  1207 
superficial,  645 

of  lower  extremity,  673 
of  upper  extremity,  664 
superior  cerebral,  656 
mesenteric,  686 
phrenic,  670 
vena  cava,  670 
supraorbital,  649 
suprarenal,  683 
Sylvian,  656,  657 
systemic,  646 
,  temporal,  649 
I  temporomaxillary,  650 
terminal,  657 
of  Thebe8ius,  647 
thoraco-epigastric,  674 
of  thorax,  668 
thyroid,  inferior,  670 
middle,  653 
I  superior,  653 

I  tibial,  676 

transverse  facial,  649 
Trolard,  great  anastomotic  of, 
656 

umbilical,  60, 502,  514 
obliterated,  685,  1160 
of  upper  extremity,  664 
;  valves  of,  523 
|  vena  azygos  major,  671 
1  minor,  671 

cava,  inferior,  671 
superior,  676 
vertebral,  655 
#  of  vertebral  column,  671 
visceral,  514 
vitelline,  501 , 514 
volar,  605,  668 

Volamentous  insertion  of  um¬ 
bilical  cord,  64 
Velum  inter positum ,  847 
medullar a\  799 
medullary,  799,  803 
palatine,  1121 
Vena  angularis ,  049,  650 
anonyma  dexira ,  668 
sinistra,  670 
auricularis  posterior,  650 
axillaris ,  667 
azygos,  671 
|  basilica,  666 

cava  inferior,  681 
superior,  670 

surface  marking  of,  1327 
caval  foramen  in  diaphragm, 407 
cephalica  accessoria,  666 
cerebri  rnagna,  657 


Vena  cerebri  media,  656 
cervicalis  profunda,  655 
circumflexa  ilium  profunda,  677 
cordis ,  646,  647 
coronaria  r entriculi,  686 
corporis  striata,  657 
cystica,  686 
epiqastrica  inferior ,  676 
facialis  anterior,  649 
posterior,  650 
I  femoralis,  676 
j  frontalis,  648 

gastroepiploica,  685,  686 
haemorrhoidalis  media,  680 
hemiazygos,  671 
accessoria,  671 
hypogastrica ,  677 
iliaca  externa,  676 
jugularis  anterior,  651 
externa,  650 
interna,  652 
posterior,  651 
linealis,  685 

|  magna  [Galeni\,  657,  848 
|  maxil laris  interna,  650 
1  mediana  antibrachii,  666 

I  cubiti,  665 
j  mesent erica  inferior,  685 
superior,  686 

obliqua  atrii  sinistri  [Marshalli\, 
647 

obturatoria,  680 
occipitalis,  650 
ophthalmica,  673 
poplitea ,  676 
portae,  685 

posterior  ventriculi  sinistri,  647 
profunda  femoris,  676 
saphena  magna,  673 
part  a,  674 
subclavia,  668 
supraorbitalis ,  649 
temporalis  super ficialis ,  649 
terminalis,  657 
thyreoidea  superioris ,  653 
vertebralis,  653 
Venae  advekentes,  514 
anonymae,  668 
basivertebrales,  672 
brachiales ,  667 
bronchioles,  667,  671 
cerebelli,  657 
cerebri,  656,  657 
comitantes,  645 
cordis,  646 
minima \  534 
digitales  plantares,  675 
diploicce,  655 
dorsales  penis,  680 
I  Galeni,  848 
|  gastricae  breves,  685 
glutaeae ,  678 
he  pat  icce,  684 
iliacce  communes,  681 
inter  co  stales  suprema,  670 
intervertcbrales,  673 
lingualcs,  652 
lumbales,  682 
mammariiv  internee,  670 
j  orariactr,  683 
pancreaiicae ,  685 
i  pancreaticoduoilenales ,  6s6 
parumbilicales ,  686 
:  pharyngca’,  653 

I  phrcnictr  inferiorcs,  683 
proprue  renales,  1235 
!  pultnonales,  646 
recite  [kidney],  1235 
renales ,  683 
revehentes,  514 
sacrales,  680,  681 
spermaticie,  682 
spinales,  673 
I  8teUat(e  [kidney],  1234 
suprarenale s ,  673 
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Vencs  thyreoidece  inferiores,  670 
tibiales,  676 
torlicosw,  1017, 1028 
Venous  arches,  673 
lacun®  of  dura  mater,  659 
mesocardium,  528 
plexus,  hemorrhoidal,  680 
ovarian,  683,  1266 
pampiniform,  682,1250, 1266 
pharyngeal,  653 
pterygoid,  649 
pudendal,  680 
spermatic,  682,  1250 
uterine,  680 
vaginal,  681 
vesical,  680 
sinuses,  645 

of  dura  mater,  658 

development  of,  518 
valves,  right  and  left,  504 
Ventral  aorta,  development  of, 
510 

cochlear  nucleus,  794 
fissure  of  medulla  oblongata, 
772 

lamina,  727 

longitudinal  bundle,  809 
mesogastrium,  1112 
psalterium,  875 
pulmonary  nerves,  919 
spinal  artery,  583 
spinothalamic  fasciculus,  860 
Ventricle  of  fornix,  844 
of  mid-brain,  812 
terminal,  of  medulla  spinalis, 
759 

of  Verga,  844 

Ventricles  of  brain,  803,  804,  821, 
835 

of  fornix,  844 
of  heart,  502,  534,  537 
of  larynx,  1089 
muscle  bundle  of,  541 
Ventricular  folds  ot  larynx,  1087 
ligament  of  larynx,  1087 
septum,  506,  537 
Ventricularis  muscle,  1092 
Ventriculus,  1171 
dexter,  534 

laryngis  [Morgagni],  1089 
lateralis,  835 
quarlus,  803 
tertius,  821 

Ventromedian  fissure  of  medulla 
oblongata,  772 
Verga,  ventricle  of,  844 
Vermian  fossa,  129 
Vermiform  process  or  appendix. 
1188 

Vermis  of  cerebellum,  794,  796 
Vertebra  promincns,  99 
Vertebra,  94 
cervical,  95 
coccygeal,  104 
ligaments  of,  287-291 
lumbar,  102 
sacral,  104 
thoracic,  100 
Vertebral  arch,  94 
arches,  articulations  of,  290 
artery,  582 
canal,  114 
column,  94,  112 

articulations  of,  287 
surface  form  of,  1320 
veins  of,  671 
fascia,  398 
foramen,  94 
groove,  1 13 
notches,  95 
ribs,  121 
veins,  655 

venous  plexuses.  672 
Vertical  index  of  skull,  19S 
lingualis  muscle,  1140 


Vertical  part  of  palatine  bone,  165 
Verticalxs  iingu®  mu3cle,  1140 
Verumontanum,  1234 
Vesica  fellea,  1207 
urinaria,  1237 
Vesical  artery,  619 
layer  of  pelvic  fascia,  423 
plexus  of  nerves,  994 
of  veins,  680 
Vesicle,  auditory,  1038 
blastodermic,  46 
germinal,  38 
lens,  1008 
^  optic,  734,  1008 
Vesicoprostatic  plexus  of  veins, 
680 

Vesicouterine  excavation,  1162 
VesicuUx  seminales,  1256 
Vesicular  ovarian  follicles,  1266 
Vestibular  arteries,  1067 
bulb,  1277 
fissure,  1059 
ganglion,  1066 
glands,  greater,  1277 
lip,  1063 
membrane,  1062 
nerve,  912,  1066 

composition  and  central  con¬ 
nections  of,  866 
nuclei  of,  794 
Vestibule,  aortic,  537 
of  internal  ear,  1055 
of  larynx,  1086 
of  mouth,  1119 
of  nasal  cavity,  1000 
of  omental  bursa,  1166 
^  of  vagina,  1276 

Vestibulospinal  fasciculus,  765, 
.809,  878 
tract,  765 
Vestibulum,  1055 
oris,  1119 
vaginte,  1276 

Vestigial  fold  of  Marshall,  518. 
529,  647 

of  pericardium,  529 
Vicq  d’Azyr,  bundle  of,  816,  819,  ! 

845,  875  ! 

Vidian  artery,  569,  572 
nerve,  898 

Vieussens,  valve  of.  799 
Villi,  arachnoid,  884 
of  chorion,  59 
of  intestine,  1184 
Visceral  arches,  64 
veins,  514 

Visual  area  of  cortex,  853 
centres,  820 
purple,  1022 
Visuopsychic,  area,  853 
Visuosensory  area,  853 
Vitelline  circulation,  53,  501 
duct,  1112 
fluid,  53 
membrane,  45 
veins,  501,  514 
Vitreous  body  of  eye,  1025 
Vocal  cords,  1087 
folds,  1087 

process  of  arytenoid  cartilage, 
1083 

Vocalis  muscle,  1092 
Voice,  organs  of.  1080 
Volar  arches,  599,  602 

surface  markings  of,  1352 
branch  of  ulnar  nerve,  948 
carpal  artery,  598 
ligament,  457 
net- work,  598 
digital  arteries,  602 
nerves,  944 

interosseous  artery,  600 
nerve,  944 

metacarpal  arteries,  599 
veins,  667 


Volar  venous  arches,  667 
Volaris  indicis  radialis  artery, 

RQQ 

Vomer,  168 

Vomeronasal  cartilage,  1002 
organs,  70,  1002 
Vulva,  1275 

W 

Wagner  and  Meissner,  cor¬ 
puscles  of,  1069 

Waldeyer,  germinal  epithelium 
of,  1219,  1265 
odontoblasts  of,  1127 
zona  vasculosa  of,  1266 
Wallenburg,  basal  olfactory  bun¬ 
dle  of,  873 

Wallerian  degeneration,  764 
Wandering  cells,  369 
Wharton,  duct  of,  1144 
jelly  of,  57 

White  fibrocartilage,  282 
Willis,  circle  of,  578 
Windpipe,  1093 

Winslow,  foramen  of,  607,  1115, 
1166 

Wirsung,  duct  of,  1212 
Wisdom  teeth,  1127 
Wolffian  body,  1215 
duct,  1215 
tubules,  1215 
Womb,  1268 
Wormian  bones,  154 
Wrisberg,  cardiac  ganglion  of, 
990 

cartilages  of,  1083 
ligament  of,  345 
nerve  of,  943 

nervus  intermedius  of,  907 
Wrist-joint,  327 
surface  anatomy  of,  1349 
tendons  in  front  of,  458 


X 

Xiphoid  appendix,  119 
process,  119 

Y 

Y-shaped  cartilage  of  acetab¬ 
ulum,  237 

ligament  of  Bigelow,  337 
Yolk,  formative,  38 
nutritive,  38 
Yolk-sac,  53 
Yolk-stalk,  1112 


Z 

Zigzag  tubule,  1233 
Zinn,  ligament  or  tendon  of,  1029 
sonule  of,  1025 
Zones  of  abdomen,  1157 
Zonula  ciliaris,  1025 
Zonule  of  Zinn,  1025 
Zygomatic  arch,  182 
bone,  162 

branch  of  facial  nerve,  911 
nerve,  895 

process  of  frontal  bone,  134 
of  maxilla,  159 
of  temporal  bone,  137 
Zygomaticofacial  foramen,  162, 
186 

nerve,  895 

Zygomatieofrontal  suture,  180 
Zygomaticoorbital  foramina,  163 
Zygomaticotemporal  foramen, 
162,  182 
nerve,  995.  996 
suture,  ISO 

Zygomaticus  muscle.  383 


